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ABSTRACT 
As a formal means of environmental regulation, 

environmental tax receives extensive attention from 
scholars for its emission reduction effect and economic 
impact. However, few studies have focused on the 
regulatory effect and impact mechanism of 
Environmental Information Disclosure (EID) and other 
informal environmental regulatory methods, especially 
the heterogeneity of such regulatory effect at the time 
and industry level. Therefore, based on China input-
output tables and pollutant emission data of 139 
sectors in 2012, this paper constructed China 
environmental Computable General Equilibrium (CGE) 
model for empirical test. Studies have shown that the 
improvement of EID has a “double dividend” regulatory 
effect on emission reduction and economic impact of 
environmental tax, but this effect has obvious time and 
industry heterogeneity. Specifically, the long-run 
economic stimulus effect of EID improvement (0.087%) 
is greater than that of the short-run (0.037%), while the 
long-run enhanced effect of EID on exhaust emission 

reduction (SO2 -0.015%；NOX -0.014%) is less than that 

in the short-run (SO2 -0.081%；NOX -0.076%). In terms 
of the comparisons between the two, in the short-run, 
the enhanced effect of EID on environmental tax’s 
emission reduction is greater than its effect on 
economic improvement. While in the long run, the 
effect on the former is less than its effect on the latter. 
Meanwhile, the improvement of EID has a weakening 
effect on reducing wastewater discharge reduction of 
environmental tax. From the industry perspective, the 
improvement of EID quality can drive the output growth 
of the industry in the short run and long run by 64% and 
93% respectively. Nonetheless, there exists significant 
non-uniformity. Among them, production of capital-

intensive investment products and its upstream 
industries have increased emissions when output has 
expanded significantly, while the output of labor-
intensive and export-oriented industries have suffered 
due to factor prices that have been pushed up. It is 
worth noting that the improvement of EID quality can 
stimulate the energy consumption structure to shift 
from high-emission coal towards clean energy products 
in the long run. This research can provide references for 
objectively understanding the complementary role of 
informal environmental regulation to formal 
environmental regulation, and promote the 
construction of a modern environmental governance 
system with multi-party co-governance. 
 
Keywords: environmental information disclosure (EID); 
environmental tax; regulatory effect; time and industry 
heterogeneity; CGE model 

1. INTRODUCTION 
 

The ecological environment problems with the 
rapid economic development become the restrictions of 
social sustainable development. In order to cope with 
the increasingly serious environmental pollution 
problem, China has successively implemented various 
kinds of environmental regulation means, such as 
command-and-control, market-based instrument and 
voluntary approaches (Zhao et al., 2009). According to 
the different implementation subjects, environmental 
regulation can be divided into formal regulation led by 
the government and informal regulation denominated 
by enterprises and the public (Féres & Reynaud, 2012; 
Li, 2018). Among them, environmental tax is an 
important formal regulation method to alleviate 
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environmental pollution, and it has been proved to be 
an effective method not only in theory but also in 
practice (Ren et al., 2011; Liu et al., 2015; Aubert & 
Chiroleu-Assouline, 2019). At the same time, 
departments relevant with ecological protection guide 
enterprises to raise their awareness of protecting the 
environment through economic means, and motivate 
them to participate in environmental protection. For 
instance, China Securities Regulatory Commission has 
promulgated the “Administrative Measures on 
Information Disclosure of Listed Companies”, which 
requires key listed polluters to disclose pollution 
information and encourages other companies to 
voluntarily disclose environmental information. The 
establishment of environmental information disclosure 
system can encourage enterprises to voluntarily 
strengthen their investment in environmental 
protection and thus become a beneficial supplement of 
formal environmental regulation. Moreover, “the 
Guidance on the Construction of a Modern 
Environmental Governance System” also includes the 
improvement of the legal system and information 
disclosure of environmental governance as important 
links in the reconstruction of the environmental 
governance system. In this context, discussion about 
the mechanism between environmental tax and EID has 
practical significance for the formation of multi-party 
governance model of environment governance.  

Environmental tax is a typical formal method of 
regulating environmental pollution, which attracts wide 
attention from scholars for its emission reduction effect 
and economic impact (Patuelli et al., 2005; Lu et al., 
2010; Liu and Hu, 2017). Some of studies suggest that 
environmental taxes will increase production costs and 
inhibit industrial output while reducing pollutant 
emissions, but there are still differences on the extent 
of negative economic impact (Liu and Lv, 2009; Xie et 
al., 2018; Freire-González, 2018). Huang et al. (2005) 
argued that the tax on energy and environment could 
not fundamentally promote the improvement of energy 
utilization efficiency, but would have a greater negative 
impact on the macro economy. Nevertheless, Qin et al. 
(2015) proposed that the environmental tax had a much 
greater effect on pollutant emission reduction than on 
economic development. Li and Masui (2019) reached 
the same conclusion on the basis of dynamic CGE 
model, namely, the implementation of environmental 
tax will lead to a substantial reduction of 3.55-7.15% in 
China’s SO2 emissions by 2030, but the GDP loss will be 
only 0.1-0.2%. Other scholars suggested that tax rebates 

could be used to reduce the negative impact of 
environmental taxes on the economy, and even the 
"double dividend" effect of emission reduction and 
economic growth could be realized (Bosquet, 2000; Li 
and Fu, 2004; Francisco et al., 2005; Ciaschini et al., 
2012; Hu et al., 2018). For example, Bowen et al. (2015) 
used the dynamic CGE model and concluded that if the 
government employed environmental tax to 
compensate production tax and corporate income tax, 
0.49% and 0.34% of GDP losses could be offset 
respectively.  

As an essential supplement of formal 
environmental regulation, EID has been proved to have 
positive impact on pollution emission reduction and 
firms’ production. According to the existing literature, it 
can be found that EID mainly affects the production of 
enterprises through two ways. On the one hand, EID 
promotes technological progress, reduces pollutant 
emissions by encouraging heavy polluters to actively 
improve energy efficiency or adopt cleaner production 
processes, and builds the image of "environmental 
protection" (Liu et al., 2010; Ren and Hong, 2017; Teng, 
2019). Some scholars quantified the enhanced impact 
on emission reduction. Such as Lin and Xie (2017) found 
that SO2 emissions decreases by about 0.03% for every 
1% increase in EID quality through the GMM model. Wu 
(2014) argued that the EID level of listed companies in 
China's chemical industry was positively correlated with 
their environmental performance in the short term. On 
the other hand, EID focuses on reducing financing costs. 
By reducing risks faced by investors, the cost of equity 
capital of enterprises can be reduced and further attract 
investors to increase investment (Marshall et al., 2009; 
Ye et al., 2015; Li et al., 2017). The research of Fonseka 
et al. (2019) shows that for every unit increase in EID of 
Chinese energy enterprises, the equity capital cost 
decreases by 0.33 units. Meanwhile, active EID can also 
reduce the information asymmetry and credit mismatch 
risks between banks and enterprises, therefore 
reducing the debt financing cost of enterprises 
(Clarkson et al., 2004; Dhaliwal et al., 2011; Ni and 
Kong, 2016). Luo et al. (2019) demonstrated that for 
every unit increase in EID of heavily polluting 
enterprises, the debt financing cost would be 
significantly reduced by 0.31%. 

However, only few studies discuss the interaction 
mechanism between informal and formal means of 
environmental regulation without researching on the 
regulatory effect of EID on environmental tax. Feres and 
Reynaud (2012) proposed that informal environmental 
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regulation, especially public pressure, can reinforce the 
emission reduction effect of formal environmental 
regulation based on the impact of environmental 
supervision on industrial enterprises in Brazil. In 
addition, Xu (2014) illstructed that after the introducing 
informal environmental regulations, the emission 
reduction effect of government investment in pollution 
control on industrial wastewater and SO2 emission 
intensity would be significantly enhanced. Besides, 
some studies suggest that the external institutional 
pressure formed by formal environmental regulations 
can stimulate polluters to take more active emission 
reduction measures, so as to improve the pollution 
control effect of informal environmental regulations 
(Kathuria, 2007; Jiménez-Parra et al., 2018). Tang and 
Liu (2019) utilized difference-in-differences and 
concluded that the enactment of China's Environmental 
Protection Tax Law had improved the quality of 
corporate EID obviously. Cole et al. (2005) and Kuang et 
al. (2017) believe that there is a two-way transmission 
mechanism between formal and informal 
environmental regulations, which promote and 
complement each other. Based on above-mentioned, 
most of the existing studies are limited to discussing the 
interaction between the emission reduction effects of 
informal environmental regulation and formal 
environmental regulation, and the research on the 
mechanism of their economic influence is not sufficient.  

From the existing literature, we find the following 
limitations, initially, the studies discuss the strengthen 
effect of informal regulations on pollutant reduction by 
formal means, though the interaction in terms of 
economic impact has not been discussed. It is worth 
finding whether informal regulation weakens or 
aggravates the economic cost of formal environmental 
regulation on pollution emission reduction. Secondly, 
the enhancing effect of informal regulation on pollutant 
emission reduction has been researched in current 
literatures, but the time and industry heterogeneity of 
such enhancing effect have not analyzed in depth. The 
characteristics of heterogeneity may lead to differences 
in the direction and extent of regulatory actions at 
different stages and in various industries. Thirdly, the 
literature focuses on the use of econometric methods 
to analyze the interaction between informal and formal 
environmental regulations. This partial perspective 
cannot distinguish between direct and indirect 
mechanisms, nor can it reveal the difference in 
transmission mechanism between industries. 
Additionally, the literature does not directly discuss the 

regulatory effect of EID on environmental tax. These 
two tools are the most important means of 
environmental regulation in China at present, and the 
chief means of environmental regulation in the 
construction of modern environmental governance 
system. It is of great policy significance to directly 
discuss the interaction and mechanism between the 
two. 

Based on the Computable General Equilibrium 
(CGE) model, the regulatory effect of EID on 
environmental tax and its time and industry 
heterogeneity are compared in this paper. The marginal 
contributions of the paper are as follows, (1) we clarify 
the direct impact mechanism of disclosure industry’s 
EID in different time periods. On account of the 
mechanism in short-term and long-term, this paper 
identifies and describes the direct impact path of EID on 
industries by reducing financing cost in the short term 
and increasing capital stock in the long term. (2) This 
article also quantifies the regulatory effect of EID on 
environmental tax and heterogeneity from perspectives 
of time and industry. In line with environment module 
embedded in the general equilibrium model, this paper 
introduces the path of direct impact of EID and 
environmental tax, and reveals the difference of 
regulatory effect of EID on environmental tax in terms 
of pollution emission and economic impact, as well as 
the heterogeneity of regulatory effect between short 
and long term and among industries. (3) It helps to 
increase the understanding of the complementary role 
of EID to environmental tax, the complementary role of 
informal environmental regulation to formal 
environmental regulation, and provide ideas for 
improving the corporate responsibility system of 
environmental governance and building a modern 
environmental governance system. 

2. MATERIALS AND METHODS 

Compared with the partial equilibrium model, CGE 
model is applied to capture the indirect impact 
mechanism of EID improvements on the 
macroeconomic, emissions and industries. Chinese 
environmental CGE model is based on the ORANIG 
model, which is developed by the Institute of Policy and 
Management, Chinese Academy of Sciences and the 
CoPS (Center of Policy Studies) of University of Victoria 
in Australia. CGE model includes the module of 
production, investment demands, household 
consumption, government consumption and export. 
Then the environment and pollutant emissions accounts 
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are embedded in it. 

2.1 Economic module 

The economic module mainly includes production, 
demand and equilibrium. The equation of each part is 
as follows: 

(1) Structure of production. Industry activities 
mainly include input decision-making and output 
distribution. The manufacturer chooses its best input to 
minimize the cost of producing given output, and its 
output is allocated to the domestic market and export 
according to the principle of profit maximization. The 
multi-input nested structure refers to Liu et al. (2015) 
and Liu & Hu (2017) (see Figure 1). At the top level, 
commodity composites, a primary-factor composite and 
energy composites are combined using a Leontief 
production function. At the second level, each 
commodity composite is a CES (constant elasticity of 
substitution) function of a domestic good and the 
imported equivalent. The primary-factor composite is a 
CES aggregate of land, capital and labor. The energy 
composites are divided into coal, oil and gas, coke, 
electricity, natural gas and refined oil which are also 
incompletely substituted in the form of a CES function. 
In addition, each energy composite is the third level of a 
CES function of a domestic good and the imported 
equivalent. Equation (1) is the top-level nested function, 
equation (2-4) is the second-level nested function for 
intermediate input, primary factors and energy 
respectively, and equation (5) is the third-level nested 
function for energy products. 
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Where  ,   and   are industry, commodity and 

source respectively.      ( ) is the total output of 
industry  ,     (   )  is the intermediate input of 

product   of industry       ( ) is the primary factor 
input of industry  , which consists of labor      ( ), 
capital      ( )  and land      ( ) . 
         ( ) is the energy input of industry  ,   ( ) 
are Hicks-neutral technical-change terms, affecting all 
inputs equally.     ( ),     ( ) and     (   ) are 
the technical-change terms of primary factors, energy 
and the commodity c (without distinguishing sources) 
used in the production of industry   respectively. 

 
Fig 1 The nested production structure of environmental 

CGE model 
 

(2) Investment demands. The nesting structure for 
investment demand is similar to that for production. 
The manufacturer selects the best investment product 
portfolio based on the principle of cost minimization to 
form the current capital required by the industry. The 
equation is as follows: 
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     ( ) is the total amount of investment in 

industry  ,     (   )  is the input of investment 
product c that forms new investment in industry  , 
  ( ) are neutral technical-change terms,     (   ) is 
the technical-change term of investment product c 
(without distinguishing the source) used in the 
investment of industry  . 

(3) Household demands. The household 
consumption module includes household utility 
function and budget constraints, which satisfies the 
assumption of utility maximization. Equation (8) is 
illustrated to maximize the Klein-Rubin (Stone-Geary) 
non-positional utility function subject to the household 
budget constraint, and Equation (9) is the linear 
expenditure system (LES) after solving the problem of 
utility maximization. Equation (10) means that 
household consumption of a certain commodity is a CES 
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function of domestic and imported goods. 
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  is the household utility,   is the household 

disposable income, and   is the number of households. 
    ( ) is the total consumption of commodity   by 
households,      ( )  is the subsistence 
requirements of commodity  , and     ( )  is the 
purchaser price.  ( ) is the marginal budget share of 
commodity  , and      ( )  is the individual 
household subsistence demands for commodity  . 
  (   ) is the household consumption of commodity 
  from source s, and   (   )  is the marginal 
propensity to consume. 

(4) Export demands. The commodities are classified 
as tradable and non-tradable. The export demand of 
non-tradable products is mainly affected by 
government policy control and has little relationship 
with their own market prices, while the export demand 
of tradable products has a reverse relationship with 
commodity prices. The equation is as follows: 

   ( )     ( ) [
  ( )

       ( )
]
     ( )

 (11) 

  ( )  is the export volume of commodity c, 
  ( ) is the export FOB price in local currency,     is 
the nominal exchange rate under the indirect pricing 
method,    ( )  and    ( )  allow for horizontal 
(quantity) and vertical (price) shifts in the demand 
schedules,      ( )  is the constant elasticity of 
export demand. 

(5) Equilibrium module. There are three 
characteristics when the model is in equilibrium: market 
clearing, zero profit condition for the manufacturer, and 
balance of payments. Market clearing means that 
supply and demand are equal both in commodity 
markets and factor markets. Zero profit, that is, the 
price accepted by the manufacturer is equal to the cost 
price, and the purchaser price is equal to the cost price 
plus taxes and circulation costs in the sales process. 
Balance of payments includes balance of investment 
and savings, government payments and international 
payments. The model is -driven by investment, in which 
the balance of investment and savings is achieved by 

adjusting foreign savings. 

2.2 Economic Data 

Based on the 2012 Input-Output Tables of China 
published by the National Bureau of Statistics, the 
database establishment method of 2002 Input-Output 
Tables of China developed by the CoPS (Horridge and 
Wittwer, 2008) and the development method of 
Chinese database in the 9th version of GTAP model 
(Aguiar et al., 2016) , the database of our CGE model is 
finally established, which includes 139 sectors (5 sectors 
of agriculture, forestry, animal husbandry and fishery, 
93 sectors of industry, 4 sectors of construction industry, 
and 37 sectors of service industry), 3 primary factors 
(labor, capital, land), 6 economic entities (production, 
investment, household, government, foreign countries, 
inventory) and 8 types of circulation services (sea 
transport, air transport, railway, road, pipeline 
transport, insurance, trade (wholesale and retail), 
warehouse storage). GEMPACK software is used to 
complete the whole database establishment (Horridge, 
2018). The parameters in our CGE model include 
substitution elasticity, price elasticity and expenditure 
elasticity, which are mainly set with reference to the 
values of China database in the 9th version of GTAP 
model (Aguiar et al., 2016). Specifically, the elasticity of 
substitution among the three primary factors is 0.5; the 
price elasticity of export demand for tradable goods is 4; 
the range of Armington substitution elasticity between 
domestic and imported intermediate inputs is 0.9-5.6, 
with an average value of 2.95; the elasticity of 
substitution among different energy products is 0.5, and 
the range of household expenditure elasticity on 
different commodities is 0.2-2.1, with an average value 
of 1.05. 

2.3 Environmental Module 

The pollutant emission module includes two types 
of exhaust gas (SO2 and NOX) and waste water (COD 
and NH3). The total emission of exhaust gas is equal to 
the sum of combustion and process emission. 
Combustion emission refers to the pollutant gas 
emission caused by enterprises or residents burning 
fossil energy in the production or living process. The 
equation is as follows: 
   (       )   (       )    (     ) (12) 

   (       )   (       )    (     ) (13) 

Where   is exhaust gas, including SO2 and NOX,   
is industry (including 139 sectors),   is energy 
(including coal, oil and gas, coke, electricity, natural gas 
and refined oil),   is source (including domestic and 
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imported goods),   is household.   (       ) and 

  (       ) are exhaust gas   generated by industry   

and household   using energy   from source  , 
  (     ) and   (     ) are the demand of industry   

and household   for energy   from source    (       ) 

and  (       )  are the combustion emissions 

coefficients of industry   and household  . 
The process emission of exhaust gas is produced by 

the enterprise using a particular manufacturing 
technique. It is generally related to the output of the 
enterprise. The equation is as follows: 
   (   )   (   )     (14) 

Where   (   )  is the process emission of   

generated by industry  ,  (   ) is the process emission 

coefficient of   generated by industry  , and    is 
the output of industry  . 

The wastewater discharge includes industrial and 
household process discharge. We assume that the 
wastewater discharge of a industry is related to its 
output, while that of a household is related to its 
consumption. The equation is as follows: 
   (   )   (   )     (15) 

   (   )   (   )     (16) 

Where   is wastewater, including NH3 and COD. 
  (   )  and   (   )  are the wastewater discharge 

volume of industry   and household  ,  (   )  and 

 (   )  are the wastewater process discharge 

coefficients of industry   and household  ,    and 
   are the output of industry   and the consumption 
of household  . 

2.4 Establishment of emission database 

The pollutant emission database is based on the 
2007 National Non-point Source Pollution Census 
(hereinafter referred to as Pollution Data), 2013 China 
Environmental Statistics Yearbook (hereinafter referred 
to as Environmental Yearbook) and 2012 database of 
the Institute of Environmental Planning, Ministry of 
Ecology and Environment. These data have been widely 
used in research in the field of environmental regulation 
(Lu et al., 2010; Cao et al., 2013; Jaume, 2017). The 
above emission data need to be matched with the 139 
sectors in the 2012 China input-output tables. The data 
processing procedure is as follows: 

The basic principle of data processing of exhaust 
gas emission data is to take the emission of each sector 
in the Environmental Yearbook as the total amount and 
the proportion of sub-sector emissions as the structure. 
The equation is as follows: 
          (17) 

   is the exhaust gas emission of industry  ,    
is the exhaust gas emission of each sector in the 
Environmental Yearbook (including 30 industries in 
2012) and    is the emission structure. 
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      (   ) (20) 

It should be noted that various emission structures 
are selected for different industries according to the 

availability of data.①  
  is the exhaust gas emission 

structure of the industrial sector,    is the exhaust gas 

emission of the industrial sub-sector j in the database of 
the Environmental Planning Institute (including 93 
industrial sub-sectors except the construction industry), 
   is the exhaust gas emissions of sector J to which sub-

sector j belongs. ②  
  is the exhaust gas emission 

structure of agriculture, transportation, wholesale and 
retail and other service industries.    is the exhaust 
gas emission intensity of the sub-sector k in Pollution 
Data, and     is the total fossil energy input of sub-
sector k in 2012,    is the exhaust gas emissions of 
industry K to which sub-sector k belongs. ③  

  is the 
exhaust gas emission structure of the construction 
industry,      is the average exhaust emission 
intensity of all non-construction industries in Pollution 
Data,     is the total fossil energy input of the sub-
sector c of the construction industry in 2012, and    is 
exhaust gas emissions of industry C to which the sub-
sector c belongs. Based on the above method, the 
exhaust gas data of each sector in the 2012 China input-
output tables can be obtained. The processing method 
of wastewater discharge data is similar to that of 
exhaust gas and the detail is shown in Liu Yu et al. 
(2020). 

3. DESIGN OF SIMULATION SCHEME 

3.1 Closure 

The short-run and long-run closures are set in 
order to compare the temporal heterogeneity of the 
adjustment effect of EID improvement on 
environmental tax. In the short-run closure, (1) the real 
wage remains unchanged because of price stickiness, 
but labor can move freely among sectors and total 
employment is endogenous. (2) The stock of capital is 
fixed and cannot flow freely among sectors. This means 
that the rate of return on investment in each sector is 
different, so there will be differences in investment in 
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different sectors. (3) Household consumption is 
determined by income. Government expenditures and 
technological progress remain unchanged exogenously. 

Compared with short-run closure, long-run closure 
can reflect the impact of capital stock accumulation. In 
the long-run closure, (1) the total amount of labor 
remains unchanged, but it can flow freely among 
various sectors. (2) The stock of capital is endogenous 
and can also flow freely among sectors. This means that 
capital has enough time to adjust so that it flows to 
sectors with a higher rate of return, and ultimately 
makes the rate of return on investment in each sector 
equal. At the same time, investment changes with 
proportion to capital stock. (3) Consumption and 
government expenditures are endogenous and also 
change in the same proportion. The trade balance item 
changes with proportion to GDP. Technological progress 
remains unchanged exogenously. 

3.2 Shocks 

Two scenarios are compared to verify the 
adjustment effect of the improvement of EID quality on 
environmental tax. Environmental tax (ET) is set as 
benchmark, and the combination of environmental tax 
and environmental information disclosure (ETID) is set 
as policy scenario. There are two reasons for this setting: 
Firstly, environmental tax is set as benchmark to 
evaluate the emission reduction and economic impact 
of levying environmental tax at the current rate. 
Secondly, by comparing the changes in economic 
indicators and emission with or without considering EID 
improvement, the direction and extent of the 
adjustment effect of EID improvement on 
environmental tax can be accurately identified. 

(1) In the ET scenario, we impose environmental 
tax on all sectors (except the agricultural sector). 
Environmental tax is introduced into the CGE model 
through the ad valorem tax. However, the current tax 
collection is based on the pollution equivalent value, 
which is a specific duty. The following formula is used to 
convert the specific duty to the ad valorem tax: 
     (     )       (   ) (21) 

Where     and   are pollutant, industry and 
source respectively.    is the specific duty of pollutant 

 ,  (     ) is the emission amount of pollutant   (unit: 

ton) from source   of industry  ,     is the ad 

valorem tax base of pollutant   and  (   ) is the ad 

valorem tax of pollutant   levied on industry  . 
The object, coverage, rate of environmental tax 

should be clarified. ①The current environmental tax 

laws in China are levied only on enterprises, not on 
residents. ②At present, Chinese environmental tax 
doesn’t include agriculture in its taxation system. 
③Environmental tax at the national level is obtained 
by a weighted average of provincial environmental tax 
and the weight is the proportion of the pollutant 
emissions of each province to the total pollutant 
emissions of China. After the calculation, the weighted 
average environmental tax of SO2, NOx, COD and NH3 
is 3,248 yuan/ton, 3,460 yuan/ton, 3,953 yuan/ton and 
3,098 yuan/ton respectively. 

(2) In the ETID scenario, we further introduce the 
impact of EID on the basis of the ET scenario. As 
mentioned above, the main impact paths of EID on the 
disclosure industry include encouraging technological 
progress (improvements in energy efficiency and 
process emission parameter) and reducing financing 
costs. The equation and impact mechanism of the 
improvement of EID quality on investment are as 
follows: 

       
   

  
    (22) 

            (
   

   
)           (23) 

        (    )     (24) 
After linearizing the above equation, the 

relationship between capital growth rate and the rate of 
return on investment is obtained: 
     

      
 

   
 {  [            ]–         } 

 (25) 
Where   is the heavy polluting industries that 

disclose environmental information,       is the 
current rate of return on investment of the industry  , 
    is the capital price,    is the price of investment 
goods,    is the depreciation rate;       is the 
expected rate of return on investment,     is the 
ending capital stock,     is the beginning capital stock, 
   is the new investment,     is the capital growth 
rate,   is the ratio of investment to the ending capital 
stock, and   is the ratio of the total rate of return on 
investment (     +  ) to the net rate of return,       
is a preference variable, and          is a slack 
variable. We refer to the ORANIG model (Peter et al., 

1982; Horridge, 2000) for parameters: 
 

   
 

                     . The exogenous 
variable      ( )  is added to characterize the 
change of financing cost in short run. If the financing 
cost decreases,      ( )   ; if the financing cost 
increases,      ( )   . 
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The mechanisms by which the improvement of EID 
quality affects investment in the short and long run is 
shown in Figure 2(A) and 2(B).    is the initial 
equilibrium point. At this time, the rate of return on 
investment of industry   is equal to its financing cost. 
The financing cost of industry   will decrease if it 
improves EID quality. Then it has the motivation to 
further expand investment and production capacity. In 
the short run, the new investment in industry   equals 
to the level of capital formed in the long run, which just 
reduces the expected rate of return to the new 
financing cost      

 .    is the short-run equilibrium 
point. In the long run, the actual capital will be 
accumulated in industry   since investment can be 
transformed into production capacity, that is, capital 
stock will increase until the rate of return on investment 
drops to the new financing cost      

  and finally a 
long-run equilibrium point    is formed. 

 
Fig 2 The impact mechanism of EID quality improvement on 

investment 
 

The empirical results of existing literature about 
the impact of EID improvements on emission reduction 
and financing costs are used for shocks. ①According to 
the Guidelines for Environmental Information 
Disclosure of Listed Companies published by the 
Ministry of Environmental Protection, heavily polluting 
industries mainly include thermal power, iron and steel, 
cement, electrolytic aluminum, coal, metallurgy, 
chemical industry, petrochemicals, building materials, 
papermaking, brewing, pharmaceutical, fermentation, 
textile, leather and mining. The above 16 industries 
could be matched with 56 sectors in the 2012 Input-
Output Tables of China. ②In terms of the shock of 
technology, every 1% increase in EID quality will result 
in a decrease of 0.03% in SO2 and wastewater discharge 
(Lin & Xie, 2017). Tian et al. (2016) also found that for 
every 1% increase in EID quality, the emission intensity 
of COD, NH3 and SO2 would decrease by 0.3%, 0.22% 
and 0.16%. If energy usage and output remain are 
unchanged, the rate of change of emissions is equal to 
that of emission intensity. Therefore, this paper takes 

an average of 0.1% as the rate of improvement of 
energy efficiency and process emission coefficient of 
exhaust gas, and an average of 0.17% and 0.13% as the 
rate of improvement of process emission coefficient of 
COD and NH3. Regarding the shock of financing costs, 
we mainly refer to Shen et al. (2010) and Yuan (2014) 
which indicated that for every 1% increase in EID quality, 
financing costs decreased by 0.4%. 

4. THEORETICAL MECHANISM 

The internal economic framework of the CGE 
model can be described by a set of equations, which is 
defined as BOTE analysis. In this paper, it is mainly used 
to explain the impact mechanism of EID on 
macroeconomic operations. The equilibrium of the 
economic module is shown in equation (26-37). 
Equation (26) is the income method of GDP, including 
the input of technology, capital and labor; Equation (27) 
is the expenditure method of GDP, including household 
consumption, investment, government expenditure and 
trade balance items. Equation (28) indicates that real 
wage depends on the marginal return of labor 
multiplied by technology and the reciprocal of and 
taxation; Equation (29) also shows the determinants of 
the rate of return on investment; Equation (32) 
indicates that the real exchange rate is equal to the 
ratio of import price to GDP price; Equation (33) shows 
that terms of trade is equal to the ratio of export prices 
to import prices; Equation (34-35) shows that in the 
short-run closure, investment depends on the rate of 
return on investment and financing costs, and 
household consumption is equal to the average 
propensity to consume multiplied by GDP; Equation (36-
37) shows that in the long-run closure, investment and 
capital stock change in the same proportion. Household 
and government consumption are in a fixed ratio. In 
addition, exports usually depend on export prices. GDP 
and the real exchange rate are important factors 

affecting imports. 
    

    
 is the reciprocal of terms of 

trade. 
  

    
, 

  

    
 and 

    

  
 are all approximately 

equal to 1. 
      (   ) (26) 
         (   ) (27) 

 
  

  
   (

 

 
)    (

 

 
) (28) 

 
  

  
   (

 

 
)    (

 

 
) (29) 

 
  

  
 
  

  
 

  

    
 
    

    
 
    

  
 (30) 

 
  

  
 
  

  
 

  

    
 
    

    
 
    

  
 (31) 



 9 Copyright ©  2020 CUE 

     
  

    
 (32) 

       
  

  
 (33) 

    (
  

  
   ) (34) 

         (35) 

 
 

 
    (36) 

 
 

 
    (37) 

In the short run, the improvement of EID quality 
encourages companies to promote technology (A) in 

equation (28). Assuming that real wage (
  

  
) and tax (T) 

remain unchanged, the marginal return to labor   (
 

 
) 

will decrease to make the right side of equation (28) 
remain unchanged. Capital stock (K) is fixed, so 
manufactures can only increase the input of labor (L) to 
expand total output (Y). It can be seen from equation 
(29) that the increase in labor (L) input means that the 

marginal return of capital   (
 

 
) and the rate of return 

on investment 
  

  
 increase. In addition, the 

improvement of EID quality also reduces the financing 
cost (FC) in equation (34) and stimulates the increase of 
investment demands (I). From the expenditure side of 
GDP, the increase in total income (Y) will drive up 
household demands (C). Assuming that government 
expenditure (G) remains unchanged, the term of trade 
balance (X-M) will fall to maintain balance of payments, 
which means that     will fall (the exchange rate 
appreciates), so that GDP price will rise and import 
demand (M) will increase. The export price in equation 
(33) will also increase, because the export price and 
GDP price change in the same direction, which indicates 
that terms of trade       is improved and the export 

demand (X) decreases. The improvement in terms of 

trade means that 
    

    
 in equations (30) and (31) 

decreases, and the real price of labor 
  

  
 decreases. 

However, the return on investment 
  

  
 in equation (31) 

increases greater than the decline in 
    

    
, resulting in 

an increase in the real price of capital 
  

  
. 

In the long run, the improvement of EID quality not 
only stimulates the technological progress (A) in 
equation (29), but also makes the return on investment 

(
  

  
) decrease. Assuming that tax (T) remains unchanged, 

the marginal return of capital   (
 

 
) will fall. Since 

labor supply (L) remains unchanged in the long-run, 
manufactures can only increase the input of capital (K), 

thereby driving the growth of total output (Y). It can be 
seen from equation (28) that as the input of capital (K) 
continues to increase, the marginal return of labor 

  (
 

 
) will rise, which in turn pushes up real wage (

  

  
). 

From the expenditure side of GDP, investment (I) and 
capital stock (K) change in the same proportion, so 
investment demands (I) increases. At the same time, 
the term of trade balance (X-M) changes in the same 
proportion to GDP, so the increase in total income (Y) 
also increases net exports. This means that the 
exchange rate in equation (32) depreciates and GDP 
price drops, thus import demands (M) will decrease. It 
can be derived that export price in equation (33) also 
decreases, so terms of trade will deteriorate and export 
demand (X) will increase. The deterioration in terms of 

trade means that 
    

    
 in equations (30) and (31) 

increases, thereby raising the real price of labor 
  

  
. 

However, the return on investment 
  

  
 in equation (31) 

decreases greater than the increase in 
    

    
, resulting in 

a decrease in the real price of capital 
  

  
. 

5. SIMULATION RESULTS AND ANALYSIS 

In this paper, the regulatory effect of EID on 
environmental tax has been analyzed from the 
perspectives of macro economy, waste water and 
exhaust emissions, and industrial output changes. The 
mechanism of EID improvement on emission reduction 
by environmental tax and on economic cost has two 
aspects, one is to stimulate enterprises to improve 
energy efficiency or production process by increasing 
environmental protection investment, thus it can 
reduce emissions of waste water and exhaust, and 
strengthen the effect of environmental tax on emission 
reductions; however, technology advancement can 
bring output expansion and emissions increase to some 
extent. And the other is to reduce financing costs, 
stimulate enterprise investment and output expansion, 
so as to offset partial economic losses caused by 
environmental tax, but it weaken the emission 
reduction effect of environmental tax. The direction and 
extent of EID's regulatory effect on environmental tax 
depends on the joint effect of these two aspects. 
Overall, the improvement of EID has a positive 
regulatory effect on environmental tax, which 
strengthens emission reduction and boost economic 
growth, while it presents significant temporal 
heterogeneity. In the long term, the improvement of 
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EID has a greater stimulus effect on the economy than 
that in the short term, although the enhanced effect on 
emission reduction is less than that in the short term. As 
far as the comparison between the two is concerned, in 
the short term, EID’s stimulus effect on the emission 
reduction of environmental tax is greater than that on 
economic improvement, but its enhanced effect on the 
emission reduction is less than that on the economy in 
the long term. 

5.1 The stimulus effect on macroeconomics 

Improving EID quality can reduce the economic 
loss caused by environmental tax and improve 
employment, especially its effect on GDP increase in the 
long-term is more significant. Considering the 
improvement of EID, the GDP loss caused by 
environmental tax in the short term is reduced to -
0.155%, recovering 0.037%. In the long term, the 
improvement of EID quality is more significant for the 
economic boost, and the GDP loss is further reduced to 
-0.103%, recovering 0.087%. The main reason is the 
mechanism of EID improvement through two pathways, 
which are reducing social financing costs and improving 
energy efficiency and production process. EID 
encourages enterprises’ investment and production, 
thus it effectively reduces the economic cost of 
environmental tax. EID makes enterprise investment 
and production to be stimulated and promotes 
employment in the short term apparently, and the 
employment decline shrinks to -0.299%, recovering 
0.028%. In the long term, because of the full use of 
factors of production, assuming that there is no 
unemployment in the economy, the total amount of 
employment returns to the level of full employment. 

EID improvement will also raise the price of 
domestic factors of production, which will bring more 
short-term price pressure. In the short run, the 
improvement of EID quality will reduce the financing 
cost of enterprises and stimulate the demand for 
investment. A large amount of capital flows to the 
capital-intensive investment goods production industry, 
raising the price of capital factors. Combined with the 
expansion of output driven by technological progress, 
the result is that the price of labor and capital factors 
rise by 0.068% and 0.143%, respectively, thus driving up 
the CPI by 0.068%. In the long run, the effect of EID on 
price rise was reduced to 0.026%, it mainly because the 
long-term investment will be constantly converted into 
production capacity, and returns on investment decline, 
which reduce the price of capital factors by 0.142% and 
inhibit the CPI rise. 

Improving EID can boost domestic demand to a certain 
extent, which is more effective in driving investment in 
the long term. In the short term, the improvement of 
EID quality stimulates the growth of total income, so 
that the consumption of residents increased by 0.038%. 
The decrease of financing cost effectively reduces the 
financial pressure of enterprises, and makes the 
investment demand increase by 0.138%. In the long 
term, with the increase of capital accumulation, 
investment further expands to 0.156%. An increase in 
investment means a decrease in savings. In order to 
balance the expenditure-based GDP estimation in 
Accounting System, household consumption will 
increase, and government expenditure will grow the 
same proportion as household consumption that is by 
0.023%. 

EID has a strong temporal heterogeneity in the 
adjustment of external demand, and the long-term net 
export shows the trend of decline first then rises. 
Import increases by 0.036% and export decreases by 
0.117% with the improvement of EID in the short term. 
This is primarily due to the overall expansion of 
economic scale, and it directly increases the demand for 
imports. Nonetheless, because factor price is pushed 
up, domestic product price rises, international 
competitiveness weakens, and export falls. Export 
improves significantly but import declines in the long 
run, and it is owing to the substantial reduction in the 
price of capital factors during the long-term 
improvement of EID, which makes domestic products 
have more comparative advantages, and the export 
demand increases by 0.036%. Net exports grow in 
proportion to GDP, which means a depreciation of the 
exchange rate and a decline in import demand by 
0.037% between the long and short-term. 

 
Tab 1 Comparison between regulatory effect of EID on macro 

economy in the short-term and long-term (unit: %) 

 
Short-term Long-term 

Short & Long 
term (difference) 

 
ET 

ETI
D 

ETI
D-
ET 

ET 
ETI
D 

ETI
D-
ET 

ETID-ET 

Real GDP 
-

0.1
92  

-
0.1
55  

0.0
37  

-
0.1
90  

-
0.1
03  

0.0
87  

0.050  

Employment 
-

0.3
27  

-
0.2
99  

0.0
28  

0.0
00  

0.0
00  

0.0
00  

-0.028  

Price Level 
-

0.2
08  

-
0.1
40  

0.0
68  

-
0.1
06  

-
0.0
80  

0.0
26  

-0.042  

Price of Labor 
-

0.2
08  

-
0.1
40  

0.0
68  

-
0.8
08  

-
0.6
27  

0.1
81  

0.113  
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Price of 
Capital 

-
1.0
33  

-
0.8
89  

0.1
43  

0.0
65  

-
0.0
77  

-
0.1
42  

-0.286  

Investment 
Demand 

-
0.5
88  

-
0.4
50  

0.1
38  

-
0.4
28  

-
0.2
72  

0.1
56  

0.018  

Residents’ 
Consumption 

-
0.1
70  

-
0.1
32  

0.0
38  

0.0
40  

0.0
63  

0.0
23  

-0.015  

Government 
Expenditure 

0.0
00  

0.0
00  

0.0
00  

0.0
40  

0.0
63  

0.0
23  

0.023  

Import 
-

0.2
90  

-
0.2
54  

0.0
36  

-
0.0
90  

-
0.0
90  

0.0
00  

-0.037  

Export 
0.2
77  

0.1
60  

-
0.1
17  

-
0.1
72  

-
0.1
37  

0.0
36  

0.152  

5.2 Regulatory effect on pollutant discharge 

EID's enhanced effect on emission reduction of 
environmental tax has been weakened in the long term. 
Compared with the environmental tax scenario, 
improving EID quality can further reduce the total 
emissions of SO2 and NOx by 0.081% and 0.076% in the 
short term, and reduce the emissions of these two kinds 
of exhaust by 0.015% and 0.014% in the long term, 
respectively, with a reduction of 0.066% and 0.061% 
compared with that in the short-term. This is principally 
caused by the differences of dominant influential 
pathways between the short term and long term, the 
short-term EID improvement of heavy pollution industry 
improves the energy efficiency of the enterprise and 
incentives to production process improvement, which 
acting as the leading path, prompting these sectors’ 
demand for energy such as coal, oil and gas decreases, 
thus reducing emissions. However, stimulus effect of 
long-term financing costs decline on the investment and 
production is more apparent, which results in further 
economic expansion and causes the increase in 
emissions. EID has a significant difference in the 
regulatory direction of industrial and residential exhaust 
emission, which plays an enhanced role in industrial 
exhaust emission, while has a weakened role in 
residential exhaust emission. The increase of residents' 
exhaust emission is largely caused by the stimulus effect 
of EID improvement on residents' demand. 

It is worthwhile to mention that EID has a certain 
weakening effect on environmental tax’s waste water 
emission reduction. In the short term, EID slightly 
increases the total emissions of COD and NH3 by 
0.001% and 0.01%, and in the long term, it further 
increases the emissions of these two kinds of waste 
water by 0.005% and 0.002%. Similar to the exhaust 
emission mechanism, EID also has different regulatory 
directions for industrial and residential waste water 

discharge. As a result of EID quality improvement, which 
stimulates the continuous growth of consumer demand, 
and the increase of residential wastewater discharge is 
larger than the decrease of industrial wastewater 
discharge, so the overall wastewater discharge shows 
an increasing trend1. It can be seen that the increase of 
residents' emissions is an important factor to weaken 
the effect of EID on environmental tax emission 
reduction. 

 
Tab 2 Comparison between regulatory effect of EID on 

exhaust emission in the short-term and long-term (unit: %) 

  
Short-term Long-term 

Short & Long 
term 

(difference) 

  
ET 

ETI
D  

ETI
D-
ET 

ET  
ETI
D  

ETI
D-
ET 

ETID-ET 

S
O

2 

Total 
Emission 

-
1.2
89  

-
1.3
70  

-
0.0
81  

-
1.3
63  

-
1.3
78  

-
0.0
15  

0.066  

Industrial 
Emission 

-
1.3
81  

-
1.4
77  

-
0.0
97  

-
1.4
81  

-
1.5
03  

-
0.0
22  

0.075  

Residents 
Emission 

-
0.2
46  

-
0.1
50  

0.0
96  

-
0.0
12  

0.0
50  

0.0
62  

-0.034  

N
O

X 

Total 
Emission 

-
1.0
24  

-
1.1
00  

-
0.0
76  

-
1.0
97  

-
1.1
11  

-
0.0
14  

0.061  

Industrial 
Emission 

-
1.0
73  

-
1.1
59  

-
0.0
87  

-
1.1
65  

-
1.1
86  

-
0.0
20  

0.066  

Residents 
Emission 

-
0.2
56  

-
0.1
57  

0.0
99  

-
0.0
16  

0.0
63  

0.0
79  

-0.020  

 

Tab 3 Comparison between regulatory effect of EID on waste 
water emission in the short-term and long-term (unit: %) 

  
Short-term Long-term 

Short & Long 
term 

(difference) 

  
ET 

ETI
D  

ETI
D-
ET 

ET  
ETI
D  

ETI
D-
ET 

ETID-ET 

C
O
D 

Total 
Emission 

-
0.1
69  

-
0.1
69  

0.0
01  

-
0.0
06  

0.0
00  

0.0
06  

0.005  

Industrial 
Emission 

-
0.1
69  

-
0.1
90  

-
0.0
20  

-
0.0
31  

-
0.0
35  

-
0.0
04  

0.017  

Residents 
Emission 

-
0.1
70  

-
0.1
32  

0.0
38  

0.0
39  

0.0
63  

0.0
23  

-0.015  

N
H3 

Total 
Emission 

-
0.1
55  

-
0.1
45  

0.0
10  

0.0
13  

0.0
25  

0.0
12  

0.002  

Industrial 
Emission 

-
0.1
36  

-
0.1
61  

-
0.0
25  

-
0.0
19  

-
0.0
21  

-
0.0
01  

0.023  

Residents 
Emission 

-
0.1
70  

-
0.1
32  

0.0
38  

0.0
39  

0.0
63  

0.0
23  

-0.015  
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5.3 Regulatory effect on industrial output 

Improve EID in the short term and long term 
stimulates the output expansion of heavily polluted 
industry respectively through investment driven and 
capital price decline, and through the industrial chain 
transmission to the upstream and downstream 
industries has an impact. The improvement of EID in the 
short term benefited 64% of the industry, with an 
average output growth of 0.03%. Output in 36% of 
industries was hurt by rising Labor prices, with output 
contracting by an average of 0.02%. In the long run, 
output of 93% industries was improved, and the 
average output level was further increased by 0.05% 
compared with that in the short run. Output contracted 
in just 10 sectors, falling by an average of 0.02%. This is 
mainly due to the long-term improvement of EID 
quality, which reduces the capital price of most 
industries, thus bringing cost advantage to most 
industries. We according to the output changes 
direction and the influence mechanism of different 
industries can be divided into three categories, the first 
is short term and long term output benefit of industry, 
the industry mainly includes the capital-intensive 
investment production and its upstream industries, as 
well as industry for the residents and government 
consumption. The second is short-term output is 
impaired, but the long-term benefit of the industry, 
including capital intensive energy industry and export-
oriented industry. The third category is industries with 
both short-term and long-term output losses, mainly 
coal and labor-intensive export-oriented industries, 
which are analyzed as follows: 
(1) Output of the industries that benefit from both short 
and long term 

Short-term investment goods production industry 
and its upstream are driven by investment demand 
output expansion, and long-term capital price decline 
brings cost advantage. This type of industry mainly 
includes basic chemical raw materials, synthetic 
materials, non-ferrous metals and their alloys and 
castings, non-ferrous metal rolling products and other 
high energy consumption industries. These sectors 
expanded by 0.04% and 0.13% on average in the short 
and long term, making them the most profitable 
sectors. Taking the basic chemical raw material industry 
as an example, the short-term improvement of EID 
quality stimulated investment demand, which boosted 
the output expansion of the housing construction 
industry by 0.13% (98.9% of the products were used for 
investment demand), thus increasing the demand for 

intermediate inputs in the basic chemical raw materials 
industry, which boosted its output growth by 0.04%. As 
the industry is capital-intensive, the improvement of 
EID reduces the financing cost in the long term, making 
its capital price fall and its output rise by 0.23% in the 
short term. What needs to be concerned is that the 
further expansion of output of these energy-intensive 
industries also brings about the increase of emissions; 
leading to EID's enhanced effect on environmental tax 
emission reduction in the long term is less than that in 
the short term. 

The short-term and long-term consumer goods 
industry benefited from the increase in output by 
private consumption demand, while the long-term 
increase in government expenditure boosted the output 
growth of government service sector. EID quality in the 
short and long term has stimulated the output 
expansion of consumer goods industry, such as 
residential services, water production and supply, 
catering, dairy products and other industries are mainly 
used for residents' daily consumption, so the increase in 
consumer consumption will stimulate the demand for 
these industries, so as to increase the output of these 
industries. Assume that government spending in the 
short term exogenous is changeless, therefore, is mainly 
used in government consumption industry output 
growth is very small, and long-term government 
spending and consumer spending is highly correlated, 
so the increase of residents' consumption will increase 
government spending, which makes public facilities 
management, such as health and education is mainly 
used in government consumption industry output 
growth of 0.01% to 0.03%. 
(2) Output of the industries that suffer in the short term 
but gain in the long term 

Most of the short-term capital-intensive energy 
industry output contraction due to the decline in energy 
demand, long-term capital price decline to a large 
extent reversed its output damage situation. To be 
specific, improving EID in the short term increases 
energy input to a certain extent by stimulating 
investment and driving output expansion, but on the 
other hand, the improvement of energy efficiency in 
heavy polluting industries reduces energy demand. As a 
result of the leading role in the chain of short-term 
energy efficiency improvement, the total energy 
demand eventually fell by 0.37%, which in turn led to a 
0.02-0.05% contraction in the output scale of the 
energy sectors such as power, thermal production and 
supply. Improving EID in the long term reduces the 
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financing cost of the energy industry, leading to a sharp 
drop in capital price. As the electricity, thermal 
production and supply sectors, oil and gas and coking 
products are capital-intensive, the advantage of lower 
capital prices has boosted output by 0.05 to 0.19%. 

Output in short-term labor-intensive export-
oriented industries has been hurt by higher factor 
prices, while output in most sectors has been improved 
by lower long-term capital prices. This industry mainly 
includes footwear, textile, clothing, other electrical 
machinery and equipment and other industries. For 
example, textile manufactured goods are labor-
intensive, and 51.22% of goods are used to meet export 
demand. The short-term improvement of EID pushed up 
the CPI, making the nominal labor price rise, which in 
turn led to the price rise of intermediate input cotton, 
chemical fibre textile and printing and dyeing finishing 
products industry, which restrained the export demand 
and led to the output decline of the industry by 0.04%. 
The long-term improvement of EID quality has reversed 
the situation of damaged output of textile 
manufactured goods industry, mainly because the 
improvement of EID has led to a sharp decline in the 
capital price of the industry, and then stimulated export 
demand through low export price, so that its output 
expanded by 0.1%. 
(3) Output of the industries that suffer in both short and 
long term 

The short-term energy demand reduction leads to 
the output contraction of coal mining products industry, 
and the long-term price substitution effect makes the 
output of this industry continue to decline, becoming 
the most damaged industry. In the short term, EID can 
encourage heavy pollution industries to improve energy 
efficiency, and thus reduce energy demand, which 
inhibits the expansion of output of coal mining and 
processing products industry, making its output 
decrease by 0.12%. Under the long-term impact of EID 
improvement, the capital price of coal mining products 
industry has also decreased, but the price of its 
products has decreased by a small margin (-0.04%) 
compared with other energy industries, which has 
prompted the energy demand to shift from high-
emission coal mining products industry to other low-
emission energy industries. In addition, energy 
efficiency in the downstream power and thermal 
production and supply sectors of coal mining products 
improved by 0.1%, reducing the demand for coal mining 
products. Although the energy efficiency of the coal 
mining products industry also improved by 0.1%, 

resulting in some expansion of its output, the total 
reduction of coal demand in the downstream industry 
was greater than the output expansion caused by the 
improvement of energy efficiency in the coal mining 
products industry, resulting in a reduction of 0.04% in 
the output of the coal mining products industry. 

A small number of labor-intensive export-oriented 
industries, whose output suffers in the short term, 
continue to suffer in the long run because of further 
increases in labor prices. For sports, fish, and 
communications equipment, radio and television 
equipment and radar and accessory equipment such as 
environmental information disclosure of the industry, in 
the short term labor prices pushed up the production 
cost of these industries, the fall of prices in the long 
term capital is far less than the increase in price labor, 
leading to the decline in exports and output contraction 
industry. Aquatic products processing industry belongs 
to the environmental information disclosure of heavy 
pollution industry, improve the quality of EID, short-
term pushing up labor costs, making the industry output 
fell by 0.03%, and improve the quality of EID, for a long 
time although largely lower prices for the industry's 
capital, but also further pushed up the price of labor, 
cause the prices of the upstream industry of fish, raised 
the aquatic products industry in the middle of the input 
costs, and product prices also dampened demand for 
exports, its output further reduce 0.01%. 

 
Fig 3 Output of Industries that suffer in both short and long 

term (unit: %) 

6. CONCLUSIONS AND POLICY IMPLICATIONS 

Our results show that EID has a “double dividend” 
effect of strengthening emission reduction and 
improving economy on environmental tax, but the 
adjustment effect has obvious time heterogeneity. 
Specifically, the long-run economic stimulus effect of 
EID improvement (0.087%) is greater than that of the 
short-run (0.037%), while the long-run enhanced effect 

of EID on exhaust gas emission reduction (SO2 -0.015%；
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NOX -0.014%) is less than that in the short-run (SO2 -

0.081%；NOX -0.076%). As far as the comparison 
between the two is concerned, the strengthening effect 
of EID on environmental tax’s emission reduction is 
greater than its effect on economic improvement in the 
short run. While in the long run, the effect on the 
former is less than its effect on the latter. In addition, 
EID has a weakening effect on wastewater discharge 
reduction of environmental tax, which is mainly caused 
by the expansion of household demands. 

It is noteworthy that the improvement of EID can 
curb energy consumption in the short run by 
encouraging energy efficiency improvement and 
promoting the transformation of energy demand from 
coal with high-emission to other energy products in the 
long run, so as to help change the energy consumption 
structure. Our results show that EID improvement can 
effectively reduce pollutants and promote energy 
saving in the short run. While it can boost the output 
expansion of the energy industry and promote the low-
carbon economy in the long run, which confirms the 
“double dividend” effect of EID from the perspective of 
energy transformation. 

The impact of EID improvement has obvious 
industry heterogeneity. The output expansion of 
investment goods production industry and its upstream 
is the most obvious, and the output of industries mainly 
for household and government consumption has also 
been achieved, but some industries will also be 
negatively affected in terms of emission reduction or 
output. The upstream of investment oriented industries 
such as basic chemical raw materials is characterized by 
high energy consumption and high emission, which 
means that the improvement of EID will not only boost 
the output of these industries, but also increase their 
emissions. A few labor-intensive and export-oriented 
industries, such as aquatic products, are damaged in the 
short run due to the rising primary factor prices, and 
aggravated in the long run by the continuous rise of 
labor price. Based on the above conclusions, this paper 
proposes the following policy implications: 

(1) Enterprises should be encouraged to disclose 
environmental information and strengthen the 
responsibility of market entities in the environmental 
governance system. EID has a positive adjustment effect 
of strengthening emission reduction and stimulating 
economic growth on environmental tax. Therefore, it is 
necessary to establish and improve information 
disclosure system of heavily polluting enterprises, 
continuously improve relevant regulations, and 

formulate standards of pollutant discharge and 
environmental monitoring. Pollutant-discharging 
enterprises should be actively guided to disclose real 
environmental information such as pollutant names, 
discharge methods and implementation standards 
through their websites and other channels. 

(2) The establishment of a long-run mechanism for 
environmental information disclosure of enterprises 
should be improved to adjust the economic impact of 
formal environmental regulations. The adjustment 
effect of EID has different emphasis on environmental 
tax in different periods. Its strengthening effect on 
emission reduction is more significant in the short-run, 
while its economic stimulating effect is more prominent 
in the long-run. Therefore, in order to make the positive 
effect of EID improvement in offsetting the economic 
cost of environmental tax, it is necessary to ensure its 
continuous operation, insist on supervising the integrity 
of environmental governance in heavy-polluting 
industries and strengthen social supervision. 

(3) The content for environmental information 
disclosure of enterprises should be refined to play a role 
in promoting the transformation of energy structure. 
EID improvement can drive energy consumption 
demand from coal with high-emission to other energy 
products with lower-emission through adjusting energy 
prices. Therefore, the specific content of energy 
consumption structure should be added to the 
environmental information disclosed by enterprises, 
especially for industries that consume more coal 
products, so as to effectively promote the 
transformation of energy consumption structure. 

(4) The household consumption sector, in which 
EID improvement has a negative regulatory effect on 
emissions reduction, should be regulated. The 
expansion of household demand has also brought an 
increase in pollutant emissions, weakening the emission 
reduction effect of EID. Therefore, effective measures 
such as energy-saving stoves and clean energy 
substitution should be actively taken to reduce coal 
combustion emission. At the same time, the current 
water fee paid by residents in China have already 
included the sewage treatment fee, so it can be 
appropriately increased for areas where household 
discharge more wastewater. 

(5) The labor-intensive and export-oriented 
industries with shrinking output should be supported in 
the short run, while more attention should be paid to 
the emission reduction of energy-intensive industries in 
the long run. In the short run, most labor-intensive and 
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export-oriented industries suffer more severely due to 
higher factor prices, so supportive policies should be 
introduced for them to optimize their development. EID 
improvement has also resulted in an increase in 
pollutant emissions of high-energy-consuming 
industries, especially in the long-run caused by further 
expansion of output. Therefore, it is necessary to 
develop of new technologies of energy-saving and 
emission-reduction and improve energy efficiency and 
manufacturing technique in these industries. 
 

REFERENCE 
[1] Aubert D, Chiroleu-Assouline M. Environmental tax 

reform and income distribution with imperfect 
heterogeneous labor markets[J]. European 
Economic Review, 2019, 116: 60-82. 

[2] Blackman A . Alternative Pollution Control Policies 
in Developing Countries: Informal, Informational, 
and Voluntary[J]. Discussion Papers, 2009, volume 
4(2):234-253. 

[3] Bosquet B . Environmental tax reform: does it work? 
A survey of the empirical evidence[J]. Ecological 
Economics, 2000, 34. 

[4] Bowen X , Dongxiao N , Xiaodan G , et al. The 
Impacts of Environmental Tax in China:, A Dynamic 
Recursive Multi-Sector CGE Model[J]. Energies, 
2015, 8(8):7777-7804. 

[5] Ciaschini, M., Pretaroli, R., Severini, F., Socci, C., 
Regional double dividend from environmental tax 
reform:An application for the Italian economy. 
Research in Economics, Vol.66, No.3, 2012, 
pp.273–283. 

[6] Clarkson P M, Li Y, Richardson G D. The market 
valuation of environmental capital expenditures by 
pulp and paper companies[J]. The accounting 
review, 2004, 79(2): 329-353. 

[7] Cole M A, Elliott R J R, Shimamoto K. Industrial 
characteristics, environmental regulations and air 
pollution: an analysis of the UK manufacturing 
sector[J]. Journal of environmental economics and 
management, 2005, 50(1): 121-143. 

[8] Dhaliwal D S, Li O Z, Tsang A, et al. Voluntary 
nonfinancial disclosure and the cost of equity 
capital: The initiation of corporate social 
responsibility reporting[J]. The accounting review, 
2011, 86(1): 59-100. 

[9] Féres J, Reynaud A. Assessing the impact of formal 
and informal regulations on environmental and 
economic performance of Brazilian manufacturing 
firms[J]. Environmental and Resource Economics, 

2012, 52(1): 65-85. 
[10] Fonseka M, Rajapakse T, Richardson G. The effect 

of environmental information disclosure and 
energy product type on the cost of debt: Evidence 
from energy firms in China[J]. Pacific-Basin Finance 
Journal, 2019, 54: 159-182. 

[11] Francisco J. André, Cardenete M A , Esther 
Velázquez. Performing an environmental tax 
reform in a regional economy. A computable 
general equilibrium approach[J]. Annals of Regional 
Science, 2005, 39(2):375-392. 

[12] Freire-González J. Environmental taxation and the 
double dividend hypothesis in CGE modelling 
literature: A critical review[J]. Journal of Policy 
Modeling, 2018, 40(1): 194-223. 

[13] Jiménez‐Parra B, Alonso‐Martínez D, Godos‐Díez J L. 
The influence of corporate social responsibility on 
air pollution: Analysis of environmental regulation 
and eco‐innovation effects[J]. Corporate Social 
Responsibility and Environmental Management, 
2018, 25(6): 1363-1375. 

[14] Horridge M. (2000), ORANI-G: A General 
Equilibrium Model of the Australian Economy, 
CoPS/IMPACT Working Paper Number OP-93, 
Centre of Policy Studies, Monash University, 
downloadable from: 
http://www.monash.edu.au/policy/elecpapr/op-
93.htm. 

[15] Hu X, Liu Y, Yang L, et al. SO2 emission reduction 
decomposition of environmental tax based on 
different consumption tax refunds[J]. Journal of 
cleaner production, 2018, 186: 997-1010. 

[16] Kathuria V . Informal regulation of pollution in a 
developing country: Evidence from India[J]. 
Ecological Economics, 2007, 63(2-3):403-417. 

[17] Li G, Masui T. Assessing the impacts of China's 
environmental tax using a dynamic computable 
general equilibrium model[J]. Journal of cleaner 
production, 2019, 208: 316-324. 

[18] Li, L., Liu, Q., Tang, D. (eds), Media reporting, 
carbon information disclosure, and the cost of 
equity financing: evidence from China. 
Environmental Science and Pollution Research, 
Vol.24, No.10, 2017, pp.9447-9459. 

[19] Liu X, Yu Q, Fujitsuka T, et al. Functional 
mechanisms of mandatory corporate 
environmental disclosure: an empirical study in 
China[J]. Journal of Cleaner Production, 2010, 18(8): 
823-832. 

[20] Lu, C., Tong, Q., Liu, X., The impacts of carbon tax 



 16 Copyright ©  2020 CUE 

and complementary policies on Chinese economy. 
Energy Policy, Vol.38, No.11, 2010, pp.7278–7285. 

[21] Luo W, Guo X, Zhong S, et al. Environmental 
information disclosure quality, media attention and 
debt financing costs: Evidence from Chinese heavy 
polluting listed companies[J]. Journal of cleaner 
production, 2019, 231: 268-277. 

[22] Marshall S, Brown D, Plumlee M. The Impact of 
Voluntary Environmental Disclosure Quality on 
Firm Value [C]//Academy of Management 
Proceedings. Briarcliff Manor, NY 10510: Academy 
of Management, 2009(1): 1-6. 

[23] Patuelli R, Nijkamp P, Pels E. Environmental tax 
reform and the double dividend: A meta-analytical 
performance assessment[J]. Ecological economics, 
2005, 55(4): 564-583. 

[24] Peter B. Dixon, B. R. Parmenter, J. M. Sutton, et al. 
(1982), ORANI: a Multisectoral Model of the 
Australian Economy. 

[25] Plumlee, M., Brown, D., Hayes, R. M.(eds), 
Voluntary environmental disclosure quality and 
firm value: Further evidence. Journal of Accounting 
and Public Policy, Vol.34, No.4, 2015, pp.336-361. 

[26] Ren S , Yuan Y , Wang H , et al. Research on the 
Influence of Sulfur Tax on the Industrial Structure 
of Liaoning Province under CGE Model[J]. Energy 
Procedia, 2011, 5:2405-2409. 

[27] Tian X L, Guo Q G, Han C, et al. Different extent of 
environmental information disclosure across 
chinese cities: Contributing factors and correlation 
with local pollution[J]. Global Environmental 
Change, 2016, 39: 244-257.  

[28] Xie Y, Dai H, Dong H. Impacts of SO2 taxations and 
renewable energy development on CO2, NOx and 
SO2 emissions in Jing-Jin-Ji region[J]. Journal of 
cleaner production, 2018, 171: 1386-1395. 

[29] Yin J, Wang S. The effects of corporate 
environmental disclosure on environmental 
innovation from stakeholder perspectives[J]. 
Applied Economics, 2018, 50(8): 905-919. 

[30] Huang Y, Guo Z, Zhang T, et al. Quantitative 
analysis of the feasibility of China's implementation 
of energy and environmental tax policies using CGE 
model [J]. Urban Environment and Urban Ecology, 
2005(02):18-20. 

[31] Kuang C, Tian Y, Li H. Research on pollution 
Emission Reduction Effect of Environmental 
Regulation -- Test based on Panel threshold Model 
[J]. World Economic Literature, 2017 (3): 84-101. 

[32] Li H, Fu B. General Equilibrium Analysis and 

Application Model of Environmental Tax [J]. China 
Population, Resources and Environment, 2004, 
14(3):19-22. 

[33] Lin Z, Xie Y. Research on the Relationship between 
Corporate Environmental Information Disclosure 
and Pollution Emission Control [J]. China Prices, 
2017 (4): 79-82. 

[34] Liu F, Lv Z. Research on optimal Environmental Tax 
and its Supporting Policies under the Framework of 
Economic Growth -- Simulation Calculation based 
on Chinese data [J]. Management World, 
2009(06):40-51. 

[35] Liu Y, Hu X. Study on emission Decomposition 
Effect of SO2 and NOx of environmental Tax [J]. 
Environmental Science of China, 2017, 37(1): 392-
400. 

[36] Liu Y, Xiao H, Lv Y. The Economic Impact of Carbon 
Tax on China under multiple Tax return Models -- 
Based on dynamic CGE Model [J]. Financial Studies, 
2015 (1): 35-48. 

[37] Ni J, Kong L. Environmental Information Disclosure, 
Bank credit decision and Debt Financing Cost -- 
Empirical evidence from China's A-share listed 
companies in heavy pollution industries [J]. 
Economic Review, 2016 (1): 147-156. 

[38] Qin C, Wang J, Ge C, et al. Impact of environmental 
tax on economy and pollution Emission [J]. China 
population, Resources and Environment, 2015 (01): 
17-23. 

[39] Ren L, Hong Z. Research on the Impact of 
Environmental Information Disclosure on 
enterprise Value [J]. Economic Management, 
2017(3):34-47. 

[40] Shen H, You J, Liu J. Refinancing Environmental 
Protection Verification, Environmental Information 
Disclosure and Equity Capital Cost [J]. Financial 
Studies, 2010(12):159-172. 

[41] Tang G, Li L. Environmental Information Disclosure, 
Investor Confidence and Company Value -- 
Empirical Evidence from Listed Companies in Hubei 
Province [J]. Journal of Zhongnan University of 
Economics and Law, 2011(6):71-78. 

[42] Tang G, Liu Z. The Impact of Environmental 
Protection Tax Law on the Quality of Corporate 
Environmental Information Disclosure -- Based on 
the empirical Evidence of listed companies in Hubei 
Province [J]. Journal of Hubei University: 
Philosophy and Social Sciences, 2019, 46(1):150-
157. 

[43] Teng Y. Research on the Correlation between 



 17 Copyright ©  2020 CUE 

environmental Information Disclosure level and 
Enterprise value -- Based on empirical Analysis of 
China's textile Industry [J]. Commercial Accounting, 
2019(1):75-78. 

[44] Wu H. Environmental Information Disclosure, 
Environmental Performance and Equity Capital 
Cost [J]. Journal of Xiamen University: Philosophy 
and Social Sciences, 2014 (3): 129-138. 

[45] Xu Y. Does informal environmental regulation due 
to social pressure restrain China's industrial 
pollution? [J]. Finance and Trade Research, 2014, 
25(2):7-15. 

[46] Ye C, Wang Z, Wu J, et al. External Governance, 
Environmental Information Disclosure and Equity 
Financing Cost [J]. Nankai Management Review, 
2015, 18(5): 85-96. 

[47] Yuan Y. Quality of Environmental Information 
Disclosure and Equity Financing Cost -- Empirical 
Evidence from Shanghai A-share Heavy Pollution 
industry [J]. Journal of Zhongnan University of 
Economics and Law, 2014(1):126-136. 

 


