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A B S T R A C T

As the resource tax will be extended to the occupation of natural ecological space in China, this paper takes
Shanxi Province as an example to calculate the ecological footprint and ecological service value of energy
consumption; it then constructs a Computable General Equilibrium model of tax on ecological occupation and
analyzes the impact of resource tax reform on a resource-based economy from the structure of factor, output, and
trade. The results show that the tax scheme has an obvious effect on promoting economic transition under a
static situation, but it also has a greater negative impact. In a dynamic scenario, the negative effect is small, but it
affects long-term economic growth. In terms of factor structure, ecological footprint steadily declines, while
investment growth is rapid. In terms of output structure, the proportion of the secondary industry increases, but
the growth rate is slower, and the growth rate of the tertiary industry continues to improve. In terms of trade
structure, although the coal mining industry shows increased export, the growth rate is declining, and there is
increase in net exports of tertiary industry. Thus, the tax scheme has the effect of promoting the transformation
of a resource-based economy. We propose levying a resource tax based on ecological occupation to protect the
ecological service function of natural resources, reduce the capital and labor factor tax, and promote the de-
velopment of non-resource type industry.

1. Preface

A resource-based economy is an industrial model where develop-
ment heavily depends on the exploitation of energy or mineral re-
sources. In the process of industrialization, exploitation of natural re-
sources would provide raw materials and growth momentum for the
national economy, and either a resource-based region or a resource-
based city would be formed consequently. The long-term reliance on
exploitation of natural resources would result in not only the dete-
rioration of the natural environment but also a distorted industrial
structure that would eventually lead to the depletion of natural re-
sources and negative effect on environment. In a post-industrial society,
economic growth is increasingly driven by technological innovation
and reliance on the improvement of human capital, investment effi-
ciency, and total factor productivity, whereas the growth relying on
factor input and exploitation of the natural resources is not sustainable
in the long term. Therefore, there is a need to provide solutions to re-
solve the environmental and economic issues faced by resource-based
economy. The transition of a resource-based economy was suggested
against this background, and a series of studies were conducted (Fan

et al., 2017a,b; Dong et al., 2018). This strategy attempts to minimize
the depletion of natural resources and prevent environmental dete-
rioration through a change in industrial model by achieving a balance
between economic growth and environmental protection through a
change in growth patterns.　

In China, the government has been paying attention to the plight of
the resource-based economy and has been trying to enforce transitions.
At the city level, 69 resource-exhausted cities have been designated by
the State Council since the first case of economic transition in Fuxin city
was undertaken as an experimental resource-based city. In 2013, the
State Council published the “Sustainable development plan of national
resource-based cities (2013–2020)”, and designated 262 resource-based
cities nationwide. At the province level, the State Council approved
construction of a National Comprehensive Reform Pilot Area for the
transition of resource-based economy in Shanxi Province in November
2010. There are 11 resource-based cities in Shanxi Province, and 94 out
of 119 towns have coal resources. These towns are facing resource
depletion to various degrees due to long-term exploitation of natural
resources, thereby making Shanxi Province the representative case of a
resource-based economy and the first province-wide National
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Comprehensive Reform Pilot Area. With the advancement of ecological
civilization construction, institutional arrangements are urgently
needed to promote the transition of resource-based regions through
green development to balance economic growth and environmental
protection. The transition path of Shanxi Province can be considered as
a case study for the transition of resource-based economy.

Resource tax is the tax on exploitation of natural resources; it is
closely related to a resource-based economy that heavily depends on
exploitation of natural resources. Reformation of resource tax could
play a functional role in adjusting economic growth and realizing the
transition. Resource tax was first collected in China in 1984; it was
primarily imposed on coal, petroleum, and natural gas mining en-
terprises. In 1994, the Chinese government conducted a tax reform that
extended the scope of the resource tax to include all mineral resources,
classifying them into 7 categories of taxation, including minerals and
salt. This formed the basic framework of the current resource tax. In
recent years, the resource tax has accelerated the reform in terms of the
levying method and the scope of levying collection. The ad valorem
collection on oil and gas started in Xinjiang Province in June 2010 on a
trial basis and has been implemented nationwide since November 2012.
The ad valorem collection on coal resource tax has been implemented
nationwide since December 2014. In May 2016, the Ministry of Finance
and State Administration of Taxation published the Notice on
Comprehensively Promoting the Reform of Resources Tax. Together
with the Ministry of Water Resources, it began a trial on collecting
water resource tax in Hebei Province. The notice also required local
governments to create the conditions for resource tax reform and pro-
vide tax plans on natural resources such as forests, meadows, and
beaches. The implementation and reform of the resource tax helped to
realize the paid use of resources, which played a positive role in re-
source conservation and effective use of energy. For a resource-based
economy, a resource tax affects the cost and profit of enterprises ex-
ploiting natural resources, and it would also impact regional industrial
structure, economic growth, and resources and environment. Empirical
analysis on the effect of resource tax reform on a resource-based
economy is therefore of great practical significance.　

This paper is an empirical study that examines the effect of resource
tax reform on the transition of a resource-based economy in a
Computable General Equilibrium (CGE) model by using Shanxi
Province as an example. This paper makes two innovative contribu-
tions. First, we replace the ecological footprint of energy consumption
with the demand for land used in carbon fixation, calculate the value of
the ecological service provided with the ecological space occupied, and
then empirically analyze the effects of resource tax reform on ecological
space use in Shanxi Province. Second, we simulate resource tax reform
from both static and dynamic perspectives and then analyze the effect
of resource tax reform on the transition of a resource-based economy
from the perspectives of factor structure, output structure, and trade
structure according to the process of economic activity. The rest of this
paper is organized as follows: Section Ⅱ presents a review of the lit-
erature on resource-based economies and transitions. Section Ⅲ cal-
culates the ecological footprint and its values. Section Ⅳ lays out a CGE
analytical model and describes the data set and the methods used.
Section Ⅴ gives the simulation results. Section Ⅵ concludes the findings
of the study.

2. Analytical framework of the transition of resource-based
economy

The key to the transition of a resource-based economy is the
transformation of the economic growth pattern. The well-documented
phenomenon of the depletion of natural resources is not only the out-
standing issue of a resource-based economy but also the internal cause
for a transition. Kronenberg (2004), Alexeev and Conrad (2011), and
Song et al. (2018) studied the transition of a resource-based economy
based on the depletion of natural resources, and they identified

corruption and neglect of investment in human capital as the primary
reasons for this phenomenon. Zhang and Jing (2008) considered in-
vestment preference in the early stage as the cause for the formation of
a resource-based economy; after the industry of resource exploitation
grows to become the dominant industry in an economy, the effects of
industrial viscidity, absorption of productive factors, and locking of
fixed cost would lead the economy to a pattern of self-reinforcement,
which manifests as severe dependence on natural resources. Zhang
et al. (2016) confirmed the existence of path-dependence on the level of
resource-based cities and suggested that excessive accumulation of
technology and institutional arrangements blocked the transformation
process of resource-based economies. Wan and Wang (2016) postulated
that the source of the depletion of natural resources is path-dependence
on the exploitation of natural resources, which represses the accumu-
lation of human capital and technological innovations. Thus, the in-
tention behind the transition of a resource-based economy is for the
economy to wean itself off the dependence on natural resources, in-
novate in growth models, realize momentum conversion in economic
growth, and alleviate the negative effects of energy exhaustion through
the development of continual and substituted industries.

There are single and multiple indicators in the evaluation of tran-
sition. Guo et al (2016) analyzed the effects of technological progress
on the transition of Shanxi Province from the structure of energy con-
sumption using a single indicator. (Tan et al., 2016) evaluated the ef-
ficiency of transition of resource-based cities in Northeast China from
economic, social, and environmental perspectives by using multi-
dimensional indicators. Economic structure is the key indicator in
evaluating economic transition. Brainerd (1998) and Li (2003) sepa-
rately examined the wage structure in the economic transition of Russia
and China. Keister (1998) and Park et al. (2006) examined corporate
organization and ownership structure in Chinese economic transition.
Majumdar and Chhibber (1999); Nivorozhkin (2004); Delcoure (2007),
and Jõeveer (2013) studied the capital structure in transition econo-
mies. Bevan and Estrin (2004) studied the foreign investment and trade
structure in European transitional economies. Awokuse (2007) studied
the import and export structure and market structure in transitional
economies. Du and Yang (2014) investigated the structure of the labor
market in Chinese economic transition. The present paper is based on
economic activities and evaluates economic transition from the process
of input, output, and trade through factor structure, output structure,
and trade structure.

2.1. Factor structure

Resource-based economy primarily depends on natural resources,
and it is led by natural resource-intensive industries. Realizing the
transition of the whole economy requires the reduction of natural re-
source input, increase in the input of labor and capital without pollu-
tion, and transformation of the growth momentum of the economy.
Investors should reduce their investment in resource-based industries,
so that investment flows to non-resource-based industries and benefits
their development.

2.2. Output structure

The output share of a resource-based industry in a national economy
is usually high because of its dominant position in a resource-based
economy. Therefore, to reduce their reliance on resource-based in-
dustries, resource-based economies should take steps to reduce the
proportion of resource-based industries. In the composition of output,
when the proportion of secondary industry decreases, the dominant
position of resource-based industry weakens and the proportion of
tertiary industry increases; this can make more contribution to the
economy and enable its transition.
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2.3. Trade structure

A resource-based economy carries the feature of an “isolated island
economy,” whereby the development of resource-based industries is of
little relevance to the outside world. The scale of foreign trade in non-
resource-based industries is relatively small. The transition of a re-
source-based economy would benefit the development of non-resource-
based industries. When the composition of foreign trade changes, the
industrial structure, factor disposition, and supply and demand re-
lationship would also change. Trend and effects of the transition could
be identified through the trade structure of an economy.

According to Li et al. (2013), the transition of a resource-based
economy is a long-term process. The evaluation of transition should be
conducted from two aspects: direction of change and ultimate effects.
The proportional decline in resource-related inputs, outputs, and trade
and growth increasingly led by non-resource-based industries indicate
that the transition is successful. In some other cases where the economy
displays an emerging trend of transition but is still dominated by re-
source-based industries, the economies with a reduction in the share of
resource-based industries are considered more successful in transition,
whereas the economies that have slower growth in resource-based in-
dustries are considered less successful.

3. Ecological footprint and the reform of resource tax

In China, according to the decision on comprehensively deepening
reforms, rivers, forests, mountains, grasslands, wastelands, beaches,
and other natural ecological spaces will be uniformly registered with
authentic rights, and a resource tax will be applied gradually on the
occupation of all ecological space. The self-explanatory concept of
natural ecological space indicates its composition and points out the
direction for resource tax reform. This will be a new topic of the theory
and application of resource tax research. Wang et al. (2016) proposed
the theoretical and empirical research framework of ecological deficit
tax. Li and Xiong (2017) constructed a CGE model to analyze the re-
gional impacts of ecological deficit tax and income tax reductions. All
these studies are based on the application of ecological space occu-
pancy; however, there are few empirical studies based on ecological
footprint tax for resource-based economy.

Ecological space and environmental space are more similar concepts
in the study of resource tax. Wackernagel et al., 1999; Foster (2006),
and Vanderheiden (2009) studied sustainability of the economy and
society based on the concept of ecological space, and they analyzed the
issues of competition, utilization, and disposition of ecological space
that have emerged in the course of development. Spangenberg (2002)
and Bührs*, (2004) studied the concept of environmental space and
considered the possibility of using it as an indicator of sustainability to
enhance environmental management. Rice (2007) analyzed the un-
equal exchange of international ecological space through international
trade. In theoretical studies of resource tax, Hayward (2005) proposed
Ecological Space Tax for the first time. This concept accords with the
reform mentality of resource tax in China. In his study, ecological space
is defined as the aggregation of land and waters with biological pro-
duction that supply resources for production and absorb wastes, and the
occupation of ecological space is the ecological footprint. Kolers (2012)
also mentioned the concept of EcoSpace Tax and referred to it as Eco-
logical Footprint Tax. He postulated that by transferring tax revenue
from consumers that exceeds average ecological occupancy to below-
average consumers would both compensate for inequality of discharges
and promote equality of land utilization. The ecological footprint con-
cept was first put forward by Wackernagel and Rees (1992), with the
basic idea that human beings obtain various products and services
through land, which has the function of resource supply, environmental
conditioning, and ecological support. The ecological footprint describes
the occupancy of land with various functions on a consumption activity
by a certain population in a certain period of time; the occupancy of

ecological space is therefore quantified. The ecological footprint is
widely used in resource economics (Fan et al., 2017a,b; Li and Wen,
2018), and it can be calculated as follows:

∑= ⋅ ⋅EF H (k Qw p )m w m m (1)

In this equation, m represents the type of productive land, which
includes farmland, forestland, grassland, wetland, etc. w represents the
category of consumption activity, which includes agricultural product,
energy, water, etc. EF is the ecological footprint, H is the population, Q
is the average level of consumption, p is defined as the annual pro-
ductivity of the land, and k represents the equivalence factor that
translates productive land of a certain category to standard units of land
with equivalent productivity.

Considering that the ecological footprint of agricultural consump-
tion is relatively small, this paper only calculates the ecological foot-
print of energy consumption, including the consumption of coal, coke,
crude oil, gasoline, kerosene, diesel, fuel oil, and natural gas. Also, as
contaminants such as greenhouse gas are normally either naturally
absorbed or artificially purified, purification would reduce ecological
occupancy instead of putting pressure on the environment. Assuming
that the emission of CO2 can be fixated either manually or naturally,
ecological occupancy reduced by artificial purification should be ex-
cluded from actual ecological occupancy, whereas the direct emission
constitutes ecological occupancy. If we set the target rate of CO2

emission as u, real ecological occupancy of energy consumption can be
calculated as:

∑= ⋅ ⋅ ⋅EF (1-u) H (k Qw p )mu w m m (2)

Referring to the standard of industrial waste gas emission in China,
if we assume that the manual emission standard of CO2 is 90%, the
remaining 10% of CO2 generated by energy consumption should be
naturally absorbed, which constitutes ecological occupancy. The eco-
logical footprint of energy consumption only considers carbon emission
beyond regulatory requirements. As there is no fossil energy land in
reality, the ecological occupancy of energy consumption is based on the
land needed for carbon sequestration. According to the estimation of
Fang et al. (2007), the carbon sequestration capacity of grassland and
forestland in China from 1981 to 2000 was 3.46 t/ha and 41 t/ha, re-
spectively. The carbon sequestration capacity of farmland is small and
can be assumed as zero. Further, considering the acreage of grassland
and forestland in China, this paper translates the ecological occupancy
by energy consumption as 7% of grassland and 93% of forestland being
used for carbon sequestration.

On this basis, this paper discusses the ecological service value of
ecological footprint by energy consumption, namely the value of eco-
logical service of grassland and forestland that is used for carbon se-
questration. According to the method of Costanza et al. (1997), ecolo-
gical service value accounting takes ecological systems such as
forestland, grassland, farmland, wetland, rivers, and deserts as the basic
unit, with service function including gas conditioning, climate control,
water conservation, soil formation and preservation, waste treatment,
biological diversification, production of food and raw materials, en-
tertainment, etc. If we set the food production function of ecological
service as an ecological value equivalent and assign equivalence factor
to other biological service functions of other biological systems based
on their importance and productivity relative to agricultural produc-
tions, an equivalent scale of ecological value is formed. An equivalent
unit of ecological service is the economic value of agricultural pro-
duction per unit land under natural conditions. The value of various
ecological systems is, therefore, determined on the basis of area they
occupy, and the ecological value of the whole ecosystem is then de-
termined. It can be calculated as follows:

∑= ⋅ESV (EV A )mj m (3)

In this equation, ESV is the value of ecological service, EVmj is the
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ecological value of j function of m type of land, and Am represents the
area of land m. The value accounting of ecological service reveals the
service function of the land in a region, and ecological occupancy is the
quantization of standardized land worldwide. The key to the accounting
of ecological value is determining equivalent unit and its value, the
ecological value of various lands based on the weight of equivalent
scale, and then forming the pricing system EVmj. This paper uses the
pricing system EVmj to calculate the value of ecological services.
Further, considering that energy consumption occupies the land for
carbon sequestration, ecological value accounting considers only the
gas conditioning function of land, which can be expressed as:

= ⋅QED EV EFm mj mu (4)

In this equation, QED represents the ecological service value, EVmj

represents the value of ecological function, and EFmu represents the
amount of ecological occupancy.

4. Model and empirical evidence

4.1. CGE analytical model

The CGE model is based on general equilibrium theory, and it is
widely used in the analysis of fiscal & tax policy and energy & en-
vironment policy (Guo et al., 2014). According to the process and
characteristics of economic activities, the CGE model can be divided
into several modules, which generally include production, trade, in-
come & expenditure, and equilibrium. This paper introduces ecological
footprints into the model as an input factor, which primarily affects the
production part of economic activity. Each sector inputs labor, capital,
intermediate input, and ecological factor into production, following the
profit maximization principle, and uses cost minimization as an ob-
jective function, thus setting production function as a constraint. On the
first level of nesting in CES production function based on multi-
parameter nested function, input factors are the Capital-Labor-Ecology
mixed factor and intermediate input. The producer behavior can be
described as:

⋅ + ⋅min PCLE QCLE PND QNDi i i i (5)

= + −λ β βs.t. QA [ QCLE (1 )QND ]ρ ρ ρi i
a

i
a

i i
a

i

1
i
a

i
a

i
a

(6)

In this equation, parameter λ is total factor productivity,
βrepresents the share of capital-labor-ecology factor, andρrepresents
elasticity of substitution. Subscript i denotes department, superscript a
identifies the corresponding production function in the nested function,
the parameter a in here represents the first level production function,
and b and c represent second and third level production function, re-
spectively, for later analysis. Variables QA、QCLE, and QND are total
output, capital−labor−ecology input, and intermediate input, re-
spectively, and PCLE and PND represent the base price of the two mixed
input. The demand function of input factors can be solved as follows:
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In this equation, PA is the base price of total output. On the first
level of nesting, intermediate input normally adopts parameters cal-
culated by an input-output table and Leontief production function, and
capital-labor-ecology factor uses CES production function, which is
divided into capital-labor input and ecology factor input. This forms the
second level of nesting:

⋅ + ⋅ +min PCL CL QED z(1 tt)i i i (9)

= + −λ β βs.t. QCLE [( QCL (1 )QED )]ρ ρ ρi i
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i
b

i
b

(10)

In this equation, QCL represents capital-labor input, QED is ecology
factor input, PCL and z are the base price of two inputs, and tt is the tax
rate of ecology factor. Demand function for inputs can be calculated as
follows:
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The third level of nesting separates capital-labor input into capital
input(QCD) and labor input(QLD), and v and w respectively represent
the base price. Output and demand function of capital and labor inputs
can be calculated as above：

= + −λ β βQCL [( QCD (1 )QLD )]ρ ρ ρi i
c

i
c

i i
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The production module of the CGE model is constructed as above. In
the income and expenditure module, the government will increase re-
source tax income in this model, but this increase does not affect the
form of the function. Trade module and equilibrium module are the
same as the standard CGE model, and readers may refer to the work of
Chang (2012) and Tang et al. (2017) for more details.

4.2. Data source and processing

CGE analysis is based on the Social Accounting Matrix (SAM). The
present paper is built on the 42 sector input-output table of Shanxi
Province in 2012. Government, corporate, and resident income and
expenditure data can be found in the Financial Yearbook of China
(2013). Ecological accounts mainly refer to the China Energy Statistical
Yearbook (2013). Parameters of ecological accounts comes from
China’s Ecological Footprint Report (2012), and elastic parameters of
the CGE model come from Hertel et al. (2007). In the SAM table, eco-
logical footprint is introduced as an input factor by referring to the
format of labor accounts and capital accounts, where the lists represent
the virtual income of government department and the rows represent
increments of ecological factors in production activity. The proportion
of ecological footprint of each department is determined by the share of
resource input in its industry.

4.3. Model setting

This paper analyzes the effects of resource tax on the transformation
of a resource-based economy from both static and dynamic perspec-
tives. In the static scenario, we apply 5%, 10%, and 30% tax rates on
the ecological footprint separately. In the dynamic scenario, we use a
recursive-dynamic method (Babiker et al., 2009) and consider the in-
crease in total factor productivity and investment, while setting the
growth rate of 12.5% and 0.2%, respectively. Because of the current
situation of China, where there is surplus labor and insufficient total
demand, this paper applies Keynes closure, that is, the factor price is
fixed and the supply of labor and capital is unlimited.
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5. The transformation effect of resource tax

5.1. Statistical analysis

5.1.1. Factor inputs
From the perspective of the factor inputs, see Fig. 1, the ecological

footprint of the three major industries decreased, while employment
and investment increased. This indicates that the pressure from pro-
duction on the ecosystem was reduced, which also helped to reduce the
ecological deficit. From the change rate of ecological occupancy, pri-
mary industry has reduced by the largest amount, while secondary in-
dustry has reduced the least; however, from the absolute amount of
descent, "coal mining products," "petroleum, coking products, and nu-
clear fuel processing products," "metal smelting and rolling processing
products," and "electricity, heat production, and supply" in secondary
industry and "transportation, warehousing, and postal services" in ter-
tiary industry have contributed greatly to the reduction of the ecolo-
gical occupancy at a relatively large scale. Comparison of the growth
rate of labor and capital factor shows that the growth of investment is
faster than the growth of employment in secondary industry, while the
employment growth is faster than investment growth in tertiary in-
dustry. Moreover, the growth of secondary industry is far higher than
that of primary and tertiary industries in both investment and em-
ployment. For tax rate, the higher the level of taxation, the greater is
the reduction of ecological occupancy and greater is the increase in
investment and employment; this indicates that the increase in the tax
burden on the ecological factor in the production structure will con-
tribute to the substitutions of labor and capital.

5.1.2. Input - output
From the perspective of input-output, see Table 1, the intermediate

input of the three major industries have all been reduced; on the output
and net output side, the secondary and tertiary industries have also
been reduced, and only the primary industry has grown. For the in-
termediate input, the greatest reduction has been in primary industry,
followed by tertiary industry, and then by secondary industry, which is
significantly smaller. For the total output, the largest reduction has

been in secondary industry. Therefore, from the comparison of the net
output, secondary industry has reduced by the largest amount, while
the tertiary industry declined slightly. From the changes in the net
output of all departments, only 8 sectors in the secondary industry have
decreased. Of these, the "electricity, heat production, and supply",
"petroleum, coking products, and nuclear fuel processing products," and
"coal mining products" have declined by a large amount, while "oil and
natural gas mining products" declined only slightly. In the tertiary in-
dustry, only 3 sectors experienced net output decline, while that of all
other sectors increased. From the changes in the proportion of the net
output of the three major industries, the proportion of secondary in-
dustry decreased, while those of both primary and tertiary industries
increased, with the proportion of tertiary industry increasing sig-
nificantly. However, as secondary industry occupies a large proportion
of the overall industry, the total industrial net output declined, with the
decline in the secondary industry. When the tax rate increased, the
second industry net output fell more, the proportion of primary and
tertiary industries increased even higher, and the net output of the
overall industry reduced by a greater margin; this indicates that the tax
program helps to optimize the industrial structure, but also affects the
sustainable growth of economy.

5.1.3. Import and export
Table 2 shows the changes from the perspective of import and ex-

port trade. On the import side, both primary and tertiary industry re-
duced, while secondary industry increased, while on the export side, all
the three major industries reduced, and imports increased while exports
reduced for the overall industry. Because only the tertiary industry have
net exports and their net exports have declined, the net import of the
primary industry decreased, while the net import of the secondary in-
dustry increased; thus, the total import is larger than the total export,
and there is an increase in the net import. For the imports in different
departments, only 5 sectors of secondary industry increased. Among
these, imports of “electricity, heat production, and supply” has in-
creased substantially, while imports of "textiles" increased at the tax
rate of 5% and 10% but decreased at the tax rate of 30%; the imports of
other sectors decreased. For the exports in different departments, only

Fig. 1. Rate of factor input of three major industries under different tax rates.

Table 1
Input & output change of three major industries at different tax rates.

Total output Intermediate input GDP

5% 10% 30% 5% 10% 30% 5% 10% 30%

rimary industry 0.03 0.04 −0.20 −0.41 −0.83 −2.55 0.40 0.77 1.79
secondary industry −0.22 −0.55 −3.03 −0.02 −0.14 −1.70 −0.49 −1.10 −4.77
tertiary industry −0.15 −0.35 −1.61 −0.38 −0.81 −2.92 −0.03 −0.10 −0.90
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"electricity, heat production, and supply" and "metal mining products"
increased. Among them, the exports of "electricity, heat production and
supply" increased substantially, but they were still lower than imports.
"General equipment" and "communications equipment”, and “compu-
ters and other electronic equipment" exports increased at the tax rate of
5% and 10%, respectively, while they declined at the tax rate of 30%.
Among other sectors where imports declined, the largest decline was in
“coal mining products.” From the net changes of different departments,
“oil, coking products, and nuclear fuel products,” “electricity, heat
production, and supply,” and” transportation, storage, and postal ser-
vice” have become the main exporting sectors in Shanxi province, and
only net exports of “oil, coking, and nuclear fuel products” increased.
Other sectors with net imports, i.e., “metal smelting and rolling pro-
ducts” and “nonmetal mineral products,” had the largest decline in
terms of quantity and scale, respectively. “Metal mining products” and
“gas production and supply” had very large increase in net import. In
conclusion, the tax planning greatly influences the increase in exports
and imports of Shanxi province. The “coal mining products” is the most
affected, with the decline its net output, which shows that it occupies
less ecological space, thereby promoting changes in industrial structure
and green development.

5.2. Dynamic analysis

5.2.1. Factor input
With regard to the changes in the ecological occupation, see Fig. 2,

both primary and tertiary industries show a downward trend, while
secondary industry shows a growth trend. In the range of simulation,
the change of the three major industries was relatively large and be-
came more stable in the later period. Among them, primary and tertiary
industries increased in terms of ecological occupation in the earlier
period, while the later growth rate decreased until the ecological oc-
cupancy was reduced. However, primary industry declined faster in
terms of ecological occupation. Secondary industry showed the oppo-
site trend, with less in early stages but an increase in ecological occu-
pation later; however, the rate of increase was still very low, which
shows that the ecological occupation was influenced by the tax. In the
long run, the secondary industry will return to its normal state, which
will have a rebound effect.

With regard to the change in the employment, see Fig. 3, both
primary and tertiary industry increased in the first period, while sec-
ondary industry decreased. Subsequently, secondary industry employ-
ment returned and continued to increase, but the growth rate first in-
creased and then dropped; the primary and tertiary industries continue
to show reduced employment, and the tertiary industry showed an even
larger decrease in employment. With regard to the changes in the in-
vestment, see Fig. 4, the three major industries exhibited a state of
growth, with the growth rate being highest for the secondary industry,
followed by the tertiary industry, and then by primary industry. In the
growth trend, the three major industries had large fluctuations, with
secondary industry growing initially but finally decreasing, while both
primary and tertiary industries decreased first and increased at the end.
The later changes were more stable, and the gap in investment growth
rates of the three major industries narrowed.

In general, in the long run, the ecological occupancy was slightly
reduced, and the reduction was smaller than that in the static scenario.
The number of people employed decreased, which is different from the
situation of the static analysis, and investment increased significantly,
becoming similar to that in the static situation. In the range of simu-
lation, the change in labor, ecological occupation, and investment met
flections and tipping points. Among these, employment in secondary
industry first increased and then decreased. The ecological occupancy
of both primary and tertiary industries decreased substantially. The
tendency of the three major industries met two tipping points. At the
level of industry, the growth rates of the three input factors of the
secondary industry is the highest. The largest decrease in ecological
occupation and investment was in primary industry. Tertiary industry
showed the largest decrease in employment. The increased growth in
secondary industry resulted mainly from “coal mining products”;
however, this increase is now in decline. Thus, from the perspective of
the input factors, economic development relies heavily on the devel-
opment of the investment. Although the ecological occupation has been
controlled, employment is still negatively affected; thus, the double
dividend hypothesis of environmental tax is not supported.

5.2.2. Input and output
From the input and output trends, see Fig. 5, both input and output

of three major industries showed a growing trend, with the growth rate

Table 2
Change of import and export of three major industries at different tax rates.

base-period value import export net export

5% 10% 30% 5% 10% 30% 5% 10% 30%

primary industry −57.64 −0.17 −0.36 −1.27 −0.13 −0.27 −1.03 −0.18 −0.37 −1.30
secondary industry −1902.18 0.32 0.79 4.07 −0.38 −0.86 −4.29 2.52 5.96 30.12
tertiary industry 342.71 −1.23 −2.44 −7.18 −1.36 −2.67 −7.52 −1.50 −2.91 −7.86

Fig. 2. Change of ecological occupancy of three major industries under dynamic scenarios.
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of secondary industry being relatively high, and that of primary in-
dustry being relatively low. In the whole simulation range, for the total
output, the growth rate of primary and tertiary industries decreased and
then increased, while secondary industry kept growing. For the inter-
mediate input, primary industry continued to grow, while secondary
and tertiary industries also showed a trend of improvement; however,
there was also a rather large slip in growth rate, and the total output of
tertiary industry also declined. From the trends of input and output, the
growth rate of intermediate input exceeded the total output growth rate
in primary industry. The gap of the growth rate between intermediate
input and the total output in secondary industry was small. The total
output growth rate of tertiary industry is always higher than that of

intermediate input, and the gap is expanding.
With regard to the trend of changes in net output, see Fig. 6, the

three major industries have maintained growth, with the lowest growth
rate being in primary industry, while that of both secondary industry
and tertiary industry was relatively high. In the whole simulation range,
the growth rate of the primary industry decreased significantly in the
earlier period and then showed a slow growth trend, but the final
growth rate is still lower than the initial growth rate. The secondary
industry’s net output continued to grow in the early stages and in-
creased steadily later. Tertiary industry declined substantially at first
and increased sharply later, and its final growth rate was faster than its
growth rate, thereby reducing the gap with the secondary industry.

Fig. 3. Change of employment of three major industries under dynamic scenarios.

Fig. 4. Change of investment of three major industries under dynamic scenarios.

Fig. 5. Intermediate inputs and total output change of three major industries.
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It can be seen that the tax program has a greater impact on primary
industry, the input and output efficiency of tertiary industry can be
improved, and secondary industry is still the main force of economic
growth. Further, in the structure of the industry, the proportion of
secondary industry increased considerably while that of primary and
tertiary industry decreased. Such changes are different from those in
the static situation. Primary industry grew in static situations but had
the lowest growth rate in dynamic situations, while secondary and
tertiary industries declined in static situations, but achieved rapid
growth in dynamic situations. This shows that the tax system had a very
small effect in the long term but had a rather big effect on the input and
output in the short term. In all departments, the growth rate of the “coal
mining products” declined, though the net production increased con-
siderably. “Dedicated device,” “metal products and the repairing ser-
vice of mechanics and devices,” and “transportation, storage and postal
service” had a rather high growth rate.

5.2.3. Import and export
With regard to the import and export trends of the three major in-

dustries, see Fig. 7, imports and exports increased rather rapidly. In the
earlier period, there was a sharp decline, while in the later period, they
increased slightly. The decline was largest in tertiary industry and
smallest in primary industry. From the final growth trends, the growth
rate of secondary industry imports grew rather rapidly, while export
growth declined; exports and imports in both primary and tertiary in-
dustries grew, but the growth rate of primary industry increase pro-
gressively while tertiary industry decrease progressively. From the
comparison of the import and export growth rates, tertiary industry had

the highest import growth rate, while secondary industry had the
highest export growth rate. Primary industry had the lowest growth
rate for both imports and exports. From the comparison of imports and
exports of various industries, imports in tertiary industry grew faster
than exports. In secondary industry, exports grew faster than imports.
The growth gap between imports and exports of the primary industry is
relatively small.

Fig. 8 shows the trends of net export. The net export shows a large
decline in the earlier period and a slight rebound in the latter period. As
there were only net exports in tertiary industry and both primary and
secondary industries only have net imports, the trends of import and
export show that there was an increase in net import for both primary
and secondary industries, while tertiary industry experienced an in-
crease in the net exports. With regard to the net exports of the three
major industries, primary industry had the largest decline and the
lowest growth rate. Tertiary industry had the fastest rate of growth with
the smallest decline. Secondary industry experienced some fluctuations
and had a similar growth rate as that for tertiary industry. Moreover,
both primary and secondary industries experienced an increasing rate
of growth, and the increasing growth of secondary industry is even
larger, while the growth rate of the tertiary industry decreased. The
“coal mining industry” had a rather large growth rate among all de-
partments, but its growth rate kept declining and there was no sign of a
return in growth trend. Such a situation shows that the tax results in a
decline of coal mining, thereby reducing ecological occupation.

Thus, we can see that secondary industry shows the same trend in
both dynamic and static scenarios. Under the situation where there is a
large increase in coal exports, the net exports of secondary industry

Fig. 6. Net output change of three major industries.

Fig. 7. Import and export change of three major industries.
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continue to grow, while the opposite is the case in both primary and
tertiary industries. With regard to the total imports of the three in-
dustries, primary and secondary industries show a sharp decline, while
there is an increase in tertiary industry. There is a decline of exports for
both primary and tertiary industries, while there is an increase for
secondary industry. The three major industries as totall shows net im-
ports; the proportion of secondary industry imports has increased,
while that of primary industry has undergone a rather small change,
and the proportion of net exports in tertiary industry has increased.
Thus, from the perspective of the trade, the tax based on the ecological
occupation contributes to the changes in the industry structure. The
“coal mining industry” has weakened, while the tertiary industry with
less ecological occupancy has developed. However, the industrial
structure has not entirely changed. The “coal mining industry” has still
enjoyed rapid growth, while the tertiary industry should be further
strengthened.

5.3. Economic growth

Fig. 9 shows the growing trend of GDP. We can see that the eco-
nomic growth resembles letter W and that it has a rather gentle decline
and response at the start. However, it shows a rather quick decline later
and a very large growth rate after its response. As the growth rate of the
total output of the “coal mining industry” declined by 2020–2021, the
growth rate of the intermediate input increased gradually, which led to
the fluctuation of the GDP growth rate. From the comparison, the re-
source tax will not affect the economic growth trend, but it will affect

the growth rate. The influence is large in the short term, but it is small
in the long term. As time progresses, the gap between the two growth
rates will increase after the second decline in growth. Thus, the re-
source tax which is based on the ecological occupation has an impact in
the short term and a potential influence in the long term. To attain long-
term sound growth, we should change the growth momentum from the
ecological occupation to the improvement of capital efficiency and the
improvement of total factor productivity.

6. Conclusions and implications

This paper is intended to provide analysis for the effectiveness of
extending the resource tax to the occupation of ecological space; to this
end, we quantified the ecological footprint of energy consumption in
Shanxi Province and calculated the value of its ecological service. We
conducted comparative analysis of the effect of resource tax based on
the ecological footprint using both static and dynamic CGE model, and
evaluated the effect of tax planning on the transformation of a resource-
based economy from the perspective of factor input, input and output,
and the import and export trade.

In the aspect of factor input, in the static mode, the reform of re-
source tax helped the transition of a resource-based economy, reduced
ecological occupancy, and promoted employment and economic
growth. In the dynamic mode, the investment of the three main in-
dustries increased greatly, the ecological occupancy of the secondary
industry decreased at first but returned to increase with low growth
rate, and the ecological occupancy was reduced for the whole industry.

Fig. 8. Net export change of three major industries and coal mining industry.

Fig. 9. Economic growth rate with or without resource tax.
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In this case, we may conclude that resource tax helps promote the
transition of a resource-based economy in the long run. In the aspect of
input-output, in the static mode, the share of secondary industry de-
creased, but that of tertiary industry increased; thus, we can say that
economic transition is indeed promoted. In the dynamic mode, the
share of secondary industry decreased, which indicates that the effect
on economic transition is unclear. However, the growth rate of tertiary
industry increased, while that of secondary industry decreased; this
indicates that economic transition relies on the continuous effort of
resource tax reform. In the aspect of import and export trade, in the
static mode, secondary industry increased its imports and reduced its
exports, and the “coal mining industry” showed the most significant
changes in this aspect. Arguably, resource tax accelerates economic
transition. In the dynamic mode, export growth of “coal mining in-
dustry” continued to decrease, while net exports of tertiary industry
increased, which shows some degree of transformation effect. In brief,
the transformation effect is obvious in the static mode, but with an
adverse impact. In the dynamic mode, the transformation effect is less
obvious, and the three major industries show different reactions.
However, there is an acceleration of economic transition, and the ad-
verse impact is less compared with that seen in the static mode, al-
though the long-term economic growth rate is lower.

The quantification of ecological space in this paper adopted the idea
of an ecological footprint, which is different from the direct occupation
of ecological space in the acquisition and development of land. By
combining carbon emissions of energy consumption with land that has
carbon sequestration capacity, we can quantify the indirect occupation
of ecological space in energy consumption; this has theoretical and
realistic value for research on resource tax and resource tax reform. In
the long term, through improvement of ecological footprint accounting
methods, we can further evaluate ecological occupancy of all kinds of
energy consumption and discharge of pollutants. Moreover, the paid
use of ecological space such as forests, grasslands, wastelands, rivers,
and beaches can be realized, which would help to preserve the ecolo-
gical service functions of ecological space that takes the land as carrier
and enhance the capacity of ecological space for resource supply, pol-
lutant purification, and ecological carrying capacity.

Expanding the scope of resource tax to ecological occupancy would
help to realize the paid use of ecological services, which emphasizes the
ecological function of natural resources. For the functional positioning
of resource tax, resource tax reform gives due consideration to resource
conservation and environmental protection. This institutional ar-
rangement also motivates the protection and development of ecological
space and promotes resource savings in resource-based industries. This
would help reduce emissions of pollutants, thereby reducing ecological
occupancy and better coordination of economic growth and environ-
ment protection. Against the background of ecological civilization
construction, we should highlight resource tax in the tax structure and
advance the role of resource tax in promoting resource conservation
and environmental protection to guide the transformation of economic
growth. For the transformation of a resource-based economy, on the
one hand, the resource tax should be used to promote the input and
output efficiency of resource-based industry, reduce the ecological oc-
cupation, and increase the added value of the industry; on the other
hand, the optimization of tax structure helps promote the development
of non-resource-based industries by reducing the non-pollution factors
of labor and capital tax burden, improving their quality and investment
efficiency, promoting the development of innovative clean and green
technologies, and, eventually, promoting economic growth by im-
proving total factor productivity.
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