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The reform of water resource tax policies is an important measure in the process of China’s green economic transformation. Therefore, improving the accuracy of tax policy impact prediction is crucial for policymakers to make correct decisions. This study focused on the water resource tax policies composed of water resource tax and water pollution tax. A water computable general equilibrium (WCGE) model extended from the traditional computable general equilibrium model was proposed to simulate the impacts of policy changes and determine the optimal tax rate range. Water self-purification capacity and agricultural subsidies were first considered in water computable general equilibrium, providing a simulation–evaluation method that could support the analysis of policy alternatives from a more realistic perspective. The results indicated that water resource tax and water pollution tax synergistically promote water conservation and water pollution reduction, and the negative impact on the economy when they are raised together is lighter than that when the tax burden is raised alone. The water resource tax not only has the best water-saving effect but also has the greatest negative impact on the economy. Technological progress has the best effect in reducing water pollution and is also conducive to reducing the adverse impact of tax increases on the economy. Taxation can also improve social welfare, and the optimal tax rate level is the combination that water resource tax is 4 Yuan/m3, and the water pollution tax is in the range of 5.6–8.4 Yuan/pollution equivalent. The results demonstrate the positive role of government in environmental governance and provide a scientific basis for policymakers to adjust the direction of policy reform, strengthen the collaborative design of water tax policies, and select the optimal tax rate level. Also, solutions of water computable general equilibrium could provide in-depth analysis of the trade-offs between violation risk and system benefits and generate more reliable results by reproducing actual situations. Moreover, the water computable general equilibrium model constructed in this study is also applicable to analyze other types of policies.
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1 INTRODUCTION
Water pressure has been one of the severe environmental stress and socio-economic challenges the world is facing (Wang J et al., 2022). The China Sustainable Development Strategy Report pointed out that two-thirds of China’s 669 cities are facing water shortages, and many provinces and cities are in the range of extreme water shortage in the internationally recognized standard (Qin Y et al., 2015). There are also a series of problems such as inefficient use, difficult development, and heavy pollution in addition to the shortage of available water resource (Li H et al., 2022). The “Environmental Performance Index 2020 Report” released by Yale University evaluated 180 countries around the world, and China ranks 54th in the drinking water safety index and 67th in the comprehensive water resource index (Hu et al., 2022). The safety of water resource and the effect of water environment governance are far behind those of neighboring and developed countries, which have irreversible and serious impacts on people’s health, economic development, and social life. Various water management policies have been implemented to alleviate these problems (Ray et al., 2022). Hotelling (1931) first put forward the theory that resource tax policy is an effective tool to control the speed of resource consumption. Therefore, the establishment of resource tax policies is an important part of the ecological strategies of various countries. Ekins (1999) proved that many European countries have been increasing the proportion of environmental taxes and fees so as to enable the government to address resource externalities that are difficult for the market to solve due to the environmental pollution caused by the producers in the production process. China has also begun to gradually promote the construction of a water resource tax system, particularly including water resource tax and water pollution tax, to protect water resource from two aspects: resource conservation and pollution control (Wang S et al., 2022; Zhao et al., 2022). Since the water resource tax policies are closely related to factors such as economic development, technological progress, and dynamic correlation between various industries and the complex non-linear coupling relationship between these factors, they should be comprehensively depicted by a model from a systematic perspective. Those all make it extremely difficult to accurately predict and analyze the impacts of tax policies. Meanwhile, as water resource is the basic means of production, water tax policies will inevitably affect all aspects of the economy, society, and environment, directly or indirectly (Amaranto et al., 2022). Human activities are susceptible to changes in water tax policies, and if the impacts of tax policies are not adequately predicted and assessed, policies often fail to achieve the desired goals and may even exacerbate problems such as water scarcity, water pollution, or socio-economic instability (Mehrazar et al., 2020). Therefore, the use of predicting tools to accurately reveal and assess the impacts of alternative policies is an urgent need to enable policymakers to make informed decisions and formulate sound policies.
The objective of this study is to analyze the impacts of water resource tax policies on the economy, social welfare, and environment and determine the optimal tax rate level using the constructed WCGE model, which could comprehensively characterize the complex relationship between water resource tax policies and economic system. This study first takes the water self-purification capacity and agricultural subsidies into account so as to enhance the accuracy of the assessment of policy changes. The study expands the research scope that was limited to a single tax, and its focus on the natural properties of resources inspires research on policies relating to resources. The findings also help policymakers fully understand the impacts of policies and constitute appropriate ways to achieve desired goals.
The remainder of this article is organized as follows: In Section 2, we review the existing literature and discuss each contribution. In Section 3, the water resource tax system composed of water resource tax and water pollution tax is defined, and the impact mechanism of water tax policies from the perspective of market and government is introduced. In Section 4, the water resource and water pollution are integrated into the WCGE model, and 10 scenarios are set and simulated. Based on the simulation results, in Section 5, we analyze the impacts of water resource policies, and the optimal tax rate combination is inferred with the goal of balancing economic development and environmental protection. Following that, Section 6 provides the findings and discussion and puts forth several corresponding policy suggestions. Finally, the conclusions are provided in Section 7.
2 LITERATURE REVIEW
Many scholars evaluate the policy effects of environmental taxes (Abdullah and Morley, 2014; Oueslati, 2015; Freire-Gonzalez and and Puig-Ventosa, 2019) and resource taxes (Liu et al., 2018; Xu et al., 2018) using various methods. With the gradual refinement of research into specific tax items, many studies on water resource tax policies focus on water resource tax and water pollution tax, evaluating whether they can play the role of environmental protection and how to improve them from the perspective of legislation. Some scholars believe that levying water resource tax can increase exports, effectively reduce water consumption in high-water-consuming industries (Yang et al., 2020), improve water-use efficiency, and save water in production, but it decreases the output of regional agricultural sectors (Wang et al., 2015). In addition, the transfer payment of water resource tax can reduce the welfare loss caused by taxation (Wu et al., 2021). The water pollution tax has a significant effect of reducing pollution emissions, but it will have a negative impact on the macroeconomy and industrial output in the short and long terms. Therefore, a tax rebate system is required to reduce the negative impact of taxation on economic growth (Wen et al., 2012). Some scholars believe that although the water tax policies will have a negative impact on the economy, it is still within an acceptable range (Shi et al., 2019). Although the tax increases the cost of enterprises in the short term, it helps enterprises to adjust production technology and increases the application of clean technology, which can enhance the competitiveness of enterprises, promote sustainable economic development, and improve environmental quality in the long run (Gao and Yin, 2016; Zhou et al., 2019). At the same time, it is necessary to subsidize industries that are less able to bear tax changes (Wang et al., 2011). Ren (2020) emphasizes the fair orientation of water resource tax policies from the perspective of legislation and believes that the tax burden should be reasonably determined, and a special fund should be established to subsidize industries with low energy consumption and low pollution. In addition, there are some viewpoints that China’s current water resource tax policies generally have problems such as excessive regional differences in tax rates (Ma and Li, 2019), not enough low tax burden to cover the cost of environmental governance (Zeng et al., 2019), and insufficient constraints on corporate behavior (Gen and Masuil, 2019; Sicho and Fan., 2020). Tang and Ming, (2018) pointed out that the minimum limit of taxation should be appropriately increased, and punitive levy clauses should be added to achieve the basic effect of using tax to control pollution.
In summary, existing research works provide useful references for the reform of the water resource tax policies, but there are still some issues that need to be further studied. 1) The research content is limited to the discussion of the implementation effect and improvement direction of a single tax on water resource tax or water pollution tax, and there is a lack of in-depth and comprehensive analysis of the water resource tax system composed of these two taxes. Separating the two types of taxation will inevitably ignore the comprehensive effects that these two taxes will have on the economy, society, and environment, resulting in overlapping tax burdens and biasing the research conclusions. 2) Water resource tax policies are implemented nationwide and involve various industries and multiple interests in the economic system. However, the scopes of existing research works are limited to a region or only focus on a certain industry, ignoring the complex impact that tax reform have on macroeconomic operations. Therefore, the effects of water taxation policies should be discussed from a systematic perspective, considering the correlation between various industries and entities. 3) There is a lack of systematic research that combines qualitative analysis and quantitative methods to study issues such as how to determine a reasonable tax rate level, how to coordinate the promotion of water resource tax policies, and what impacts tax policy adjustment will have on the economy, society, and environment. To the best of our knowledge, there is no such study describing the relationship between water resource tax policies and industries from a macroperspective and comprehensively analyzing the policy impact of water resource tax and water pollution tax so as to determine a reasonable level of tax rate combination. These are the objectives of this study.
3 THEORETICAL FOUNDATION
The core manifestations of the water resource tax system are water resource tax and water pollution tax, focusing on different aspects of water resource governance under the framework of the ecological tax system composed of resource tax and environmental tax. The water resource tax is a tax on the behavior of withdrawing water resource and implements the principle of “user pays.” In 2016, China introduced water resource into the scope of resource tax collection on a pilot basis. At present, the expansion of water resource tax has become the main trend (Liu et al., 2018; Ma and Wang, 2021). The water pollution tax has been implemented nationwide since 1 January 2018 under the framework of environmental tax, following the principle of “polluter pays.” The production of products bears the water resource tax when using water resource, and the water pollution tax is levied along with the discharge of water pollutants in the production process. The water resource tax aims to save water resource at the beginning, and the water pollution tax is to suppress the discharge of water pollutants. These two complement each other and constitute a complete water resource tax system. The tax system changes the cost of products by introducing a price signal and imposes positive or negative incentives on various stakeholders, thereby regulating the behavior of the main body. The essence is that the government adjusts the production methods of enterprises with the help of market laws and guides the transformation of the green economy (Chen, 2019).
Under the influence of the market, it is assumed that there is a sound factor price formation mechanism. Water resource tax and water pollution tax are levied in the production process, and both should be included in the commodity value. The water resource tax reflects the scarcity of resources, and the water pollution tax serves as the price compensation for environmental losses in the process of water use, as shown in Figure 1. Water resource is incorporated into the production factors as the basic means of production; taxation increases the cost of production, and the producer bears part of the tax burden. At the same time, part of the tax burden is passed on to the downstream, the price of downstream commodities increases, and the tax burden is finally transmitted to consumers in the price of resource products, thereby reducing consumer demand. Under the combined influence of cost pressure and demand decrease, producers reduce output, resulting in a loss of output and a decrease in GDP. However, in order to improve their own competitiveness, some producers would strive to reduce costs, such as reducing the discharge of water pollutants and increasing the efficiency of water resource utilization by improving production technology, while some enterprises with insufficient innovation ability would withdraw, thus making the overall economy shift to a greener economic development approach. In general, the water tax system could restrain the development of industries with high water consumption and high pollution, thus optimizing the industrial structure, but the taxation would have a negative impact on the economy.
[image: Figure 1]FIGURE 1 | Price transmission mechanism of the water resource tax system.
Under the influence of the government, water resource tax and water pollution tax can increase the government’s revenue, which can be uniformly allocated by the government. The water environment can be improved by devoting substantial financial resources to technology development or incentivizing enterprises that introduce environmentally friendly technologies. Moreover, the government can improve the infrastructure to augment the capital flow (Jahanger et al., 2022). The government uses transfer payments to drive investment and consumption, supports infrastructure construction to increase social welfare, promotes the development of clean industries, and subsidizes agriculture that is less tax bearing in order to ensure a stable economic transformation. Therefore, taxation enables governments to take full advantage of their positive effects on economic, social, and environmental regulation, thereby contributing to the achievement of desired objectives of water resource tax policies.
4 METHODOLOGY
4.1 Theory of computable general equilibrium
The theory of the computable general equilibrium model (CGE) began with the general equilibrium theory model proposed by Walras (1874), which takes the economic system as a whole, emphasizes the role of various departments and variables of the economic system, and covers the various components of the national economy and all aspects of the economic cycle. According to Walras’s view, all markets reach equilibrium under the adjustment of the price mechanism eventually. Therefore, when the economic system is subjected to external shocks, the economic entities in the system make decisions and interact with each other in accordance with the principle of maximizing interests, and adjust to a new equilibrium state through the optimal allocation of resources. Therefore, the CGE model can more accurately describe the interaction between water tax policy changes and other economic sectors and reveal the interrelationship within the economic system. It is a method to study the relationship between various sectors of the national economy on the basis of input–output analysis.
Conducting impact simulations of policies is a strength of the CGE model. Different from the traditional methods such as trend extrapolation and pattern recognition that rely entirely on historical data, the CGE model belongs to the structural school in the economic model. It depicts the supply and demand balance between various departments and markets of the economic system by establishing a set of non-linear mathematical equations. The simulation model of the regional economy is constructed based on the parameters of each subject in the region. The changes of policies are exogenous as impact variables, and the equations are solved following the optimizing conditions such as cost minimization and benefit maximization. From these variables obtained under the conditions of market clearance and economic equilibrium, the changes of indicators of the economy can be comprehensively and effectively simulated and predicted, so that we can perform in-depth analyses on the application of polices and provide a sufficient understanding of the formulation, evaluation, and implementation of policies.
As the CGE model can effectively describe the linkages between various departments after the economic system is subjected to specific external shocks and macropolicy adjustments, it is widely used in the simulation and analysis of macro policies related to economy, energy, resources, and environment with its scientific theoretical basis and flexible simulation capabilities (Sancho, 2010; Lin et al., 2018; Li et al., 2020; Lin and Wu, 2021), as well as for water resource tax policies. There are many ways to deal with water resource in the model, such as taking water resource as constraints for production or consumption (Xie and Saltzman, 2000; Yan and Zhou, 2010), but this method cannot reflect the cost of water resource, and the price transmission mechanism does not work as well. Hassan and Thurlow (2011) incorporated water resource as an intermediate input into the model, but they were unable describe the substitution relationship between water resource and other production factors. The approach adopted by most of the current studies is to incorporate water resource as an initial factor into the constant elasticity of substitution (CES) production function (Liu et al., 2012; Jonas et al., 2014). Some studies also incorporate water resource as a sector into the model and analyze the macroeconomic impact of changes in water prices by establishing the relationship between the water sector and other sectors (Xia and Huang, 2006; Qin et al., 2012).
4.2 Data
4.2.1 The construction of the social accounting matrix
The social accounting matrix (SAM) table of water resource uses the 2018 China Input–Output Table as the main data source and is compiled with reference to the 2019 China Statistical Yearbook, Finance Yearbook of China in 2019, 2018 China Eco-Environmental Statistical Yearbook, 2018 China Water Resource Bulletin, etc. In view of the need for research on industries with high water consumption and high pollution, food and tobacco, paper industry, textile industry, wood-processing industry, and chemical products are listed separately as water pollution industries. On the basis of the three major industry division standards of agriculture, industry, and service industry and four production departments including agriculture, water pollution industries, and other industries and services are established.
4.2.2 The value of water and other parameters
The water pollution tax is levied only on producers and operators, and the water resource in the model is production water, constituting three basic production factors together with labor and capital. First, the value of water resource needs to be determined, and then, the total value of production factors in the input–output table is allocated proportionally among labor, capital, and water resource. Because the water resource tax is levied at the water withdrawal stage, the total amount of water used for production in each industry is used as a constraint, and the direct water consumption coefficient (fresh water) of each department is used to calculate the fresh water directly consumed by producing the products of the corresponding value, which is taken as the taxable amount of water resource tax (Researching Group of Chinese Input-Output Association et al., 2007). Since the shadow price of water resource is based on the full and rational utilization and effective allocation of resources, it can reflect the scarcity of resources, environmental costs, and the relationship between market supply and demand and can objectively measure the value of water resource. Therefore, the shadow price of water resource is calculated as the water price to obtain the value of water resource (Liu et al., 2009). Finally, the total factor value is divided proportionally among the three factors consisting of water resource, labor, and capital.
To determine the value of water pollution tax, the total amount of various water pollutants published in the “2018 China Ecological Environment Statistics Annual Report” is allocated according to the proportion of different water pollutant discharges in various departments (Qin, 2014). Then, the tax rate is multiplied by the pollution equivalent value converted from water pollutants as the amount of water pollution tax. Due to the different sources of data in the SAM table, the direct cross-entropy method is used to calibrate the SAM matrix (Wang et al., 2021). The main elastic parameters of the model are shown in Table 1, which are mainly estimated with reference to the relevant research works of Wu et al. (2021b) and Qin C et al. (2015).
TABLE 1 | Main elastic parameters of the model.
[image: Table 1]4.3 Basic assumption
In line with the expansion trend of water resource tax, it is assumed that the water resource tax is levied nationwide, with all water-using industries as taxpayers, and constant returns to scale is also assumed in the production function. The behavior of producers and consumers in a perfectly competitive market follows profit maximization and utility maximization principle, and the clearing of the factor market and the equilibrium of the product market are ultimately achieved.
4.4 Framework of the water computable general equilibrium model
In order to evaluate the economic and environmental effects of water taxation policies, the WCGE model is constructed. Water resource, like labor and capital, is the resource that needs to be used in the production process; therefore, the model assumes that production factors include capital, labor, and water resource. The model mainly includes the production module, trade module, price module, economic subject module, water pollution tax module, and equilibrium and macro closure module. The logical relationship between the modules is shown in Figure 2. The production module is the basic module of the model. It describes the process of the production factor producing goods based on the production function. The produced goods are linked to the international market through the trade module. According to the Walrasian general equilibrium theory, domestic commodity supply is equal to domestic commodity demand, which consists of government consumption, resident consumption, and enterprise investment. The economic module describes the flow of funds among these economic entities. The water resource tax and water pollution tax implemented by the government affect the factor input of producers through the price mechanism and ultimately affect the industry output, household income, water consumption, and water pollutant emissions.
[image: Figure 2]FIGURE 2 | Basic structure of the WCGE model.
Based on the aforementioned theoretical analysis, the water resource tax, as a factor tax, increases the price of water resource, especially affects the production process in economic operation, and indirectly affects the amount of water resource used. The water pollution tax follows the principle of “polluter pays,” which is levied on the pollutant discharge behavior in the production process and is added to the value of the output product. This tax and other taxes are jointly managed by the government, and the goals of environmental governance and tax compensation are achieved through transfer payments and government consumption. The main modules presented are those expanded according to research needs, which are the production module, water pollution tax module, economic subject module, and equilibrium and macroclosure module. The rest can refer to the standard CGE model (Zhang, 2017; Lin and Wu, 2021; Zhang et al., 2022). The equations and variables are listed in Supplementary Material.
4.4.1 Production module
The CES production function is used to describe the behavior of producers, and three layers of nested CES production functions are established according to research needs. The first layer of nesting describes the substitution relationship between labor and capital, and the second layer of nesting describes the relationship between capital–labor and water resource. The third level of nesting describes the substitution relationship between water resource–capital–labor and intermediate inputs (see Figure 3).
[image: Figure 3]FIGURE 3 | Diagram of the production module.
4.4.2 Water pollution tax module
The pollutants in China’s wastewater are mainly COD and NH3-N, which are converted to pollution equivalent value together with other pollutants, and the discharge of water pollutants ([image: image]) is calculated according to the pollution discharge intensity ([image: image]) of each industry in the model:
[image: image]
In addition to the participation of human activities in water pollution control, the natural attributes of water resource endow the water body with self-purification ability, and it also reduces the impact of water pollution to a certain extent. After entering the water body, the concentration of pollutants gradually decreases because of the physical and chemical changes such as precipitation, dilution, mixing, and redox. The biochemical oxygen demand (BOD5) degradation coefficient is used as an indicator of self-purification ability to measure the rate of water decomposing pollutants. Because the degradation coefficient varies with temperature, the annual average water temperature of 14°C in China is taken as the standard temperature (Wang et al., 2020). Therefore, water pollution control is a combination of water self-purification and government investment governance. The formulas are
[image: image]
[image: image]
where [image: image] is the government pollution control amount, [image: image] is the water self-purification amount, and [image: image] is the water pollution degradation coefficient. The amount of water pollution tax is calculated and levied in the form of a specific amount to represent the water pollution tax rate. The water pollution tax is: 
[image: image]
4.4.3 Economic entity module
Under the conditions of an open economy, residents’ income comes from labor remuneration, investment returns, and government transfer payments. The income of the enterprise comes from the capital gains from the factor market and the transfer payment from the government. In addition to the flow of capital gains to enterprises and residents, there is also a part of the flow to foreign countries, so the foreign income includes capital gains and imports. Government revenue comes from taxes.
[image: image]
In the aforementioned formula, [image: image], [image: image], and [image: image] refer to government income, resident income, and corporate income, respectively. [image: image] and [image: image] represent the resident income tax rate and corporate income tax rate, respectively. [image: image] represents the tariff. [image: image] represents the exchange rate. For the sake of tax fairness, agriculture is included in the scope of taxation, but considering that it occupies a basic position in the national economy and is in a weak link, the government will subsidize it through transfer payments and other methods after taxation to support its smooth transition to a green industry. Therefore, government expenditure mainly includes government purchases [image: image] and transfer payments to residents [image: image], investment in enterprises [image: image], and subsidies to the agricultural sector [image: image]. The equation is expressed as
[image: image]
The government’s balance of payments is the government’s net saving. In actual operation, the government mainly affects the allocation of social resources and various elements through tax revenue, government purchases, transfer payments, and other fiscal revenue and expenditure activities so as to realize its publicity and coercive power.
4.4.4 Equilibrium and macroclosure module
Factor market equilibrium means that factor demand equals supply. It is assumed that capital is fully used, and labor and water prices are exogenous based on China’s economic conditions. The supply of labor and water is determined by the model endogenously and finally reaches an equilibrium state where factor supply equals demand.
Product market equilibrium refers to the balance of product supply and demand in the domestic market, that is, market clearing:
[image: image]
In the aforementioned formula, [image: image] refers to the commodities on the domestic market, [image: image] refers to the intermediate input, [image: image] refers to the total consumption of residents, [image: image] refers to the total government consumption, and [image: image] refers to the investment of various departments. It is assumed that investment, government consumption, and government saving are endogenous. Under the condition of fixed exchange rate, foreign balance of payments and foreign savings are endogenous. The investment-saving equilibrium means that the total investment is equal to the total saving of each subject, and the equation is
[image: image]
In the aforementioned formula, [image: image] refers to the residents’ marginal propensity to consume, [image: image] refers to residents’ income, [image: image] refers to corporate savings, [image: image] refers to government savings, and [image: image] refers to foreign savings.
Adding [image: image] can verify the correctness of the model, and the variable is 0 in the state of investment-saving equilibrium.
4.5 Policy scenarios
Four main policy scenarios are set based on research purposes: baseline scenario, water resource tax policy change, water pollution tax policy change, and changes in both water tax policies. On this basis, the factor of technological progress is comprehensively considered. China’s current water resource tax system generally has problems such as excessive regional differences in tax rates (Hassan and Thurlow, 2011) and low tax burdens (Fang et al., 2016). In order to highlight the differences in economic, social, and environmental effects under different tax burden levels, the rates of water pollution tax are divided according to the degree of economic development. Due to the prominent environmental problems in Beijing, Tianjin, and Hebei, the high regional tax rate is not applicable to the whole country. Therefore, with reference to the current tax rates of Shanghai, Jiangsu, Liaoning, Jilin, Jiangxi, Shaanxi, and other provinces and cities, it is assumed that the water pollution tax rate is set at three levels: the benchmark tax rate of 1.4, 7, and 8.4 Yuan/pollution equivalent. The optimized water resource tax is set to three tax levels: the benchmark tax rate of 2, 3, and 4 Yuan/cubic meter. Since fiscal policy plays the role of water environment governance by leading technological progress (Li S et al., 2022), the technological progress is considered as a variable factor. The simulated scenarios are shown in Table 2. The economic and environmental effects of changes in water taxation policies are quantitatively simulated from three aspects: water resource tax, water pollution tax, and technological progress. According to China’s 14th Five-Year Plan, by 2025, the total amount of COD and NH3-N emissions will drop by 8%. It is believed that technological progress will play a role in reducing water pollution discharge, which is manifested as a decrease of 8% in the water pollution discharge intensity coefficient compared to the baseline scenario.
TABLE 2 | Instructions of simulation scenarios.
[image: Table 2]5 MODEL RESULT INTERPRETATION
5.1 Model correctness test
Before interpreting the experimental results, we set [image: image] and [image: image] to first verify the correctness of the model with reference to the diagnostic test applied by Lin (2022b). As the WCGE model contains multiple markets and eventually all markets reach the equilibrium state, the value of the Walras dummy variable should be 0 or the minimum value if the model setting is correct. This study also verifies the correctness of the new model through different GDP-accounting methods. We calculate nominal GDP by using the income method (return on labor + return on capital + government income-subsidies to agriculture) and expenditure method (government consumption + resident consumption + investment + net export), and then let one subtract another. Theoretically, the value obtained must also be 0 or minimum in each scenario.
Usually, if there are errors in the commodity or value flow in the model setting, the Walras dummy variable will deviate significantly from 0. Therefore, before analyzing the model, we first need to consider whether errors are embodied in the setting of the model. We need to pay attention to the value of the Walras dummy variable in each scenario (Figure 4). The results show that the value of Walras basically fluctuates under 0.00001. In addition, the model calculates the annual nominal GDP of each scenario by the expenditure method and income method and finds the differences (Figure 4). If the model is set correctly, usually, the value is also a number close to 0. The results show that the difference (GDPCHK) fluctuates under 0.00001, which is very close to 0, confirming the correctness of the model itself.
[image: Figure 4]FIGURE 4 | Values of WALRAS and GDPCHK.
5.2 Economic effects of water tax policies
5.2.1 Impact on economic development
The level of economic development is measured by GDP, PGDP, total output, and total investment. Under the impact of policy changes, the changes of various economic indicators relative to the baseline scenario are shown in Table 3. As the tax burden of water resource tax and water pollution tax increases, GDP decreases compared with the baseline scenario, PGDP increases, and the total output of various departments decreases, while the total investment increases. The increase of water pollution tax (S1) has less impact on economic development, basically stable at below 0.2%, while increasing the water resource tax (S2) has a more obvious impact on economic development. This is due to the fact that the water resource tax is broader than the water pollution tax and has a far-reaching impact on the economy. The effect of raising the water resource tax and water pollution tax (S3) at the same time on economic development is higher than the case of raising the two separately, but lower than the superposition of the effects when the two are raised to the corresponding level, indicating that the two kinds of taxes can coordinate with each other, and increasing the tax burden at the same time can not only reduce the negative impact on the economy when the tax is raised alone but also reduce the pressure of departments to increase investment to stimulate economic growth.
TABLE 3 | Variation of economic indicators under different scenarios (%).
[image: Table 3]The increase in the tax burden leads to an increase in the price of water resource, an increase in PGDP, a weakening of consumers’ purchasing power, a decrease in output by producers under cost pressure and a decrease in demand on the consumer side. The output sector suffers losses and GDP decreases. Also, all sectors need to increase investment to stimulate economic growth. However, under the same tax burden level, adding technological progress can make the GDP rebound slightly and reduce the negative impact of tax policy changes on the economy. At the same time, technological advances also ease investment pressures.
5.2.2 Impact on the industrial structure
Changes in the water tax policies can effectively adjust the industrial structure (Figure 5). The increase of water resource tax and water pollution tax can reduce the output of agriculture and water pollution industries. Among them, the increase of water resource tax has more obvious inhibition on the two industries, indicating that water resource tax plays a more significant role in adjusting the industrial structure. In other industries and services, the output increases when the water pollution tax is increased, and technological progress decreases the magnitude of the change, while in the case of higher water resource tax, the output decreases due to higher costs, and technological progress also decreases the output. Compared with raising water pollution tax or water resource tax alone, the negative effects of raising both water pollution tax and water resource tax on the output of various industries are weakened, which is consistent with the result that the synergy of the two can reduce the negative impact on the economy. In terms of industry comparison, the negative impact of agriculture and water pollution industries is significantly stronger than that of other industries and services, while other industries and services also show a positive effect of increased production under the scenario of increased water pollution tax. The negative impact of taxation on these two industries is only shown in the scenario of increasing water resource tax, and the change is significantly lower than that of agriculture and water pollution industries, indicating that the output of industries with high water consumption and high pollution have been largely suppressed, while other industries and services have been less affected, and there is even room for industrial growth. The reason is that agriculture and water pollution industries have a larger demand for water resource and discharge of water pollutants. Higher price of water resource and the cost of emission reduction increase the cost of production, and producers pass on the tax cost to consumers in the sales price to ensure normal operation of production activities, resulting in a reduction in consumer demand and a reduction in the production scale. Conversely, other industries and services have rigid demands on water resource and are less affected by changes in water prices. Therefore, the collection of water resource tax and water pollution tax can effectively inhibit the further expansion of high-pollution and high-water-consuming industries and promote agriculture and water pollution industries to improve the efficiency of water resource utilization and reduce water pollution discharge.
[image: Figure 5]FIGURE 5 | Output variation of different industries under different scenarios (%).
5.2.3 Impact on social welfare
The Hicksian variable is used to analyze the social welfare after the policy shock (Dong et al., 2018), and the implicit function solution method is used to calculate the equivalent change EV, so that the changes in residents’ welfare levels under the policy shock can be measured in monetary units. It can be seen from Figure 6 that the increase in tax burden is conducive to increasing social welfare, and the contribution of water resource tax to social welfare is particularly obvious. This is due to the fact that the water resource tax has a wider scope and a larger volume than the water pollution tax, which can increase more revenue for the government, and the increase in the tax enables the government to fully play its macro-control role.
[image: Figure 6]FIGURE 6 | Social welfare under different scenarios.
The government makes overall arrangements for the use of taxes, and the income of enterprises and residents can be increased by raising total investment (Table 3) and transfer payments (Figure 7). Government’s subsidies to residents increase with the increase of taxation. In this process, various social securities are promoted, and residents’ income increases, thereby driving the improvement of social welfare.
[image: Figure 7]FIGURE 7 | Amount of government transfers to residents (ten thousand Yuan).
5.3 Environmental effects of policy mix
5.3.1 Impact on water pollution reduction
As can be seen from Table 4, compared with the baseline scenario, the water pollutant emissions of agriculture and water pollution industries have decreased in all other scenarios. As for other industries and services, water pollutant emissions will only be reduced under the scenario of technological progress and higher water resource tax. It shows that technological progress is a key factor in promoting emission reduction in these two industries. In the absence of technological progress and the increase of water pollution tax, these two industries can only increase production to achieve economies of scale, thereby making up for the increase in production costs, so water pollutants increase instead of decrease. However, when the water resource tax is raised, the water resource tax increases the price of factors, and the tax scale is larger than the water pollution tax, which has a more obvious impact on the production cost, prompting enterprises to adjust the way of water use and improve the efficiency of water resource utilization, thereby indirectly achieving the emission reduction effect. At the same time, the emission reduction effect achieved by raising the water resource tax and the water pollution tax is higher than the superposition of the effects when the two are raised to the corresponding level, indicating that the emission reduction effect under the high tax burden is better than that of the low tax burden, which highlights the importance of using the tax pressure to motivate enterprises to transform to cleaner production methods as soon as possible.
TABLE 4 | Water pollutant variation of each industry under different scenarios (%).
[image: Table 4]It should be noted that technological progress has played a breakthrough and leading role in water pollution reduction. After adding the technological progress factor, the discharge of water pollutants in the four sectors has dropped significantly, even reversing the trend of increasing discharge of water pollutants in other industries and services under the scenario of increasing water pollution tax. The emission reduction effect of all industries included in the four sectors is close to or even more than 8%, which shows an extremely ideal pollution reduction effect, and can also make up for the negative impact of taxation on the economy. Therefore, in order to truly achieve water pollution reduction, in addition to rationally designing the water resource tax system, it is necessary to pay more attention to technological innovation so as to accelerate the green transformation of industries and reduce pollution emissions from traditional industries.
5.3.2 Impact on resource protection
From Table 5, it can be seen that the increase of water pollution tax has gradually reduced the water resource demand of agriculture and water pollution industries, while the water resource demand of other industries and services has increased slightly, and the total scale of water resource demand has decreased, indicating that the increase of water pollution tax is beneficial to water resource conservation. With the increase of water resource tax, the water demand of all industries has fallen sharply, indicating that water tax is a powerful tool to protect water resource.
TABLE 5 | Water demand variation of different industries under different scenarios (%).
[image: Table 5]The water consumption per ten thousand Yuan of GDP is used to measure the water-use efficiency (Yao and Liu, 2021; Zhong et al., 2020), which is the ratio of total water consumption to GDP (Figure 8). It can be seen that water consumption decreases in all tax-increasing scenarios, indicating that water-use efficiency has increased, and the most significant way to save water is to increase water resource tax, illustrating that leverage of taxes prompts enterprises to adopt production methods with higher efficiency.
[image: Figure 8]FIGURE 8 | Water consumption per 10,000 Yuan of GDP (m3).
In the scenario of raising the water pollution tax, technological progress can mitigate the impact of policy changes on industry water demand. While in the scenarios of increasing the water resource tax and the two tax policies changing together, the role of technological progress is relatively weak, indicating that compared with technological progress and water pollution tax, water resource tax is more effective in water resource conservation. As for other industries and services, raising water pollution tax alone will prompt enterprises to consume more water resource to reduce pollution, failing to achieve the purpose of protecting water resource. However, as a factor tax, water resource tax has a wider range of impacts and has a stronger impact on economic development. If water resource tax is to be used as a tool to protect water resource, it is necessary to carefully control the level of tax burden to avoid overly severe shocks to various industries.
5.4 Optimal tax rate combination
In order to calculate the optimal tax rate, so that the water resource tax system can not only play the role of saving water resource and reducing water pollution but also minimize the negative impact on economic output, referring to the method of Zeng et al, (2019), the formula is set as follows:
[image: image]
Among them, [image: image], [image: image], and [image: image] are the relative weights of pollution reduction, resource protection, and economic development, respectively. [image: image] is the proportion of water pollutant reduction, [image: image] is the proportion of water consumption reduction, and [image: image] is the degree of negative impact on economic development, including GDP, import, and export. In order to calculate the optimal tax burden standard, 8% technological progress is used as the benchmark condition in the set scenarios. The purpose of the research is consistent with the government’s goal of emphasizing economic recovery and development, giving higher weight to economic development. Table 6 shows the combination of water resource tax and water pollution tax that can achieve the targets of water saving and emission reduction and have the least negative impact on economic output when the values of a are 0.7 and 0.8.
TABLE 6 | Optimization of tax objectives.
[image: Table 6]According to Table 6, when the water resource tax is 4 Yuan/m3, the indices are better than other scenarios under the same water pollution tax level. The tax rate combination that can achieve the optimal government tax target is 4 Yuan/m3 for water resource tax, and 5.6–8.4 Yuan/pollution equivalent for water pollution tax. Compared with Tang Ming’s result (2018b) that the optimal tax rate for water pollution tax is four times the current tax rate (5.6 Yuan/pollution equivalent), the estimated range of water pollution tax is higher. This is because the model assumes that the water pollution tax would be used by the government for water pollution control, but according to statistics, the government’s annual investment in water pollution control is much higher than the actual amount of water pollution tax collected. Only cities with high tax rates, such as Beijing and Tianjin, can make up for government investment in water pollution control, and their tax burdens are in the range of 12–14 Yuan/pollution equivalent, which are higher than the estimated tax rate. Other regions have lower tax burdens due to restrictions on the level of economic development. This result is also consistent with Tang Ming, indicating that cities with higher economic development levels are also more scientific in tax rate setting.
6 DISCUSSION
6.1 Findings and inferences
Due to the extensive and complicated impacts of water resource tax policies, analyzing the impacts of these policies before implementation would be critical for policymakers to make informed decisions. The results of this research could enable local authorities to implement specific water tax policies according to the actual conditions and development needs.
Contrary to the empirical result obtained by Mustafa Kamal (2021) that “fiscal policy significantly increases environmental pollution,” this study finds that the water resource tax and water pollution tax synergistically promote the reduction of water pollutants and the conservation of water resource. Compared with a single policy, the combination of the two can reduce the negative impact of separate implementation on economic growth and social welfare and can more significantly exert the environmental effect of water saving and emission reduction. Due to the large amount of water resource tax, it can promote water conservation and waste reduction more effectively, but will have a more significant negative impact on the economy. Raising the water pollution tax is also beneficial to inhibit water waste and pollution emissions.
Due to the different degrees of reliance on water resource in different industries, the implementation of water tax policies and the increase in tax burden will have a strong inhibitory effect on agriculture and water-polluting industries, while other industries and services will be less affected, indicating that taxes force the industries with high water consumption and high pollution to reduce the production scale and promote the rationalization of the industrial structure.
Previous studies by scholars have found that increasing water prices, restricting water consumption in high-water-consuming industries, and increasing tax burdens will all have negative impacts on economic and social welfares (Yan and Zhou, 2010; Shi and Shen, 2016; Chen, 2019; Wu et al., 2021), but the results of this study showed that the water resource tax system can not only achieve the target of water saving and emission reduction but also improve social welfare under the condition of ensuring economic stability if two taxes could be co-designed. Although the imposition of water resource tax and water pollution tax will cause output loss in the production sector, resulting in negative impacts on the economy driven by the role of the market, the tax policies enable the government to fully play its role in improving social welfare through transfer payments. The water resource tax system has unique advantages in achieving a win–win situation between economic development and environmental protection.
The research proves that the water resource tax system is an effective tool for water saving and emission reduction, but its negative impact on the economy is also significant. Therefore, the optimal tax rate is calculated considering government’s emphasis on economic development. The results show that when the water resource tax is 4 Yuan/m3, and the water pollution tax is in the range of 5.6–8.4 Yuan/pollution equivalent, the effects of water resource tax system are better than other scenarios, and that result is consistent with Zeng et al. (2019), who believes that the optimal balance of environment and economy can be reached when water pollutants tax is 5.6 Yuan/pollution equivalent. The setting is also in line with the tax rate range, which is currently implemented in China: regions can choose the water pollution tax rate applicable to the region within the range considering the economic development and the ability to bear the tax rate. However, the current water pollution tax and water resource tax in various regions have the problem of low tax rates. So the tax cannot play the role of constraining enterprises to change their production methods, and it is difficult for the tax to play the effect of pollution control and water saving.
Moreover, this study agrees with the conclusion of previous research (Atif et al., 2022) that technological progress is the most effective element of water environment governance, and technological innovation can reduce negative economic consequences. Through technological innovation and updating, the cost pressure caused by tax increases on enterprises can be alleviated, and enterprises can transform into cleaner production methods. So, technological innovation is an effective way to ensure a balance between economic and ecological well-being.
According to the analysis results of this study, the impact of the reform of the water resource tax system on economic development is within an acceptable range, which provides a basis for the regional tax coordination design and tax rate determination, according to the actual needs of economic development and water resource governance.
6.2 Policy implications
As the study assesses the impacts of water resource tax policies in China, we hope that the findings can also have some policy implications. According to the previously discussed results, nationwide recommendations to the policymakers can be noted. First, the water resource tax system is a favorable tool to achieve the goal of green economy transformation while ensuring social welfare. In this process, governments should play a leading role and use water taxation for infrastructure construction, thereby enhancing social welfare and improving the water environment. Second, the collaborative design of the two taxes should be strengthened since water resource tax and water pollution tax can synergistically promote water saving and emission reduction and can reduce the negative impact on the economy and society. Third, as the current tax burden is very low to fully compensate for the pollution and water resource shortage caused by economic development, water pollution tax, and water resource tax should be appropriately raised to facilitate enterprises to reduce pollution and waste. Fourth, more importance should be attached to technological progress, which can not only achieve good ecological governance results but also reduce the negative impact of taxation on the economy. We should increase our support for the development of high-tech industries, improve the level of agricultural modernization, and urge enterprises to improve wastewater treatment technology and convert to water-saving equipment. Fifth, since taxation will have a negative effect on economic operation, the reform of the water resource tax system should be flexibly adjusted according to the specific circumstances of economic development such as downturn, recovery, and prosperity. Tax promotion should be coordinated with corresponding tax incentives and subsidies to ensure that the system reform can be completed smoothly.
6.3 Model comparisons and limitations
Compared with other evaluation models, the advantages of the WCGE model are as follows: 1) it has a solid economic foundation, and through the depiction of the interrelationship between economic subjects including governments, enterprises, and residents, a complete analytical framework has been formed, which can quantitatively measure the multiple impacts of macro policies on social and economic development; 2) multiple sectors and multiple markets can be described at the same time, considering the price and quantity relationship of economic entities when the economic constraints are met under the balance of supply and demand, and the portrayal of economic behavior is more complex, which has practical significance; and 3) it has a flexible theoretical framework, which can be enriched according to the needs of research, and with the increase of model complexity, its interpretation, reduction, and prediction of reality will be more accurate. Therefore, applying CGE models can increase the accuracy of policy effect predictions and the model is widely applicable in the study of other resource policies. Meanwhile, the WCGE model also considers the natural properties of water resource and the reality that agriculture is in a weak link in China’s industrial structure, so the model first takes into account the self-purification capacity of water resources and government subsidies for agriculture. Therefore, WCGE constructed in this study could generate more reliable results through incorporating various industries and multiple entities based on input–output and reproducing actual situation, and its focus on the natural properties of water resource could also inspire other research on resource policies.
The research also comes with two main limitations and needs to be further improved. First, the CGE model is a favorable tool for policy evaluation; however, multi-scenario forecasts rely on the data of the base year. Since China’s input–output table is released every 5 years, the main source of data at present is the China’s input–output table of 2018. Data with different base periods may lead to different simulation results. Second, due to the difference in water resource endowment and regional industrial planning, and different ways of using water in regions, a multi-regional model with a more complex structure should be developed in further research.
7 CONCLUSION
As water resource is the basic means of production and water resource tax policies are closely related to economic development and human lives, especially water resource tax, which China currently only levies in pilot cities, assessing the impacts of changes in these policies accurately is crucial to ensure the tax policies that are appropriately designed and implemented so as to achieve the desired goals of resource conservation and environmental governance while avoid emerging severe socio-economic problems. To analyze the impacts of water tax policies composed of water resource tax and water pollution tax, the WCGE model that first considers water self-purification capacity and agricultural subsidies was constructed, coupled with the water resource SAM table that was compiled based on the 2018 input–output table of China. Water resource and water pollution are added into the WCGE model as production material and contaminants, respectively, in the production process. The model constructed in this study is also applicable to the study of other policies, and its focus on the natural properties of resources and their ability to reproduce actual situations can inspire other research on resource policies. The reliable results of the in-depth analysis of the impacts of water resource tax policies enrich the theory of the water resource management, contribute to further studies of water resource tax policies, and provide references for the determination of the tax burden rate and the appropriate design and implementation of the tax system combination in practice. With a better understanding of the policy impacts on economy, society, and environment, the local authorities could constitute the most appropriate ways to validate the implementation of water tax policies, according to the reality of regional needs.
Future challenges may involve establishing a multi-regional model in water to simulate the impacts of policies in detail considering the development and water availability, while decision-making procedures at the level of the different localities would constitute one of the most appropriate ways to validate the implementation of the tax policies, according to their needs and perceptions of the region. When discussing the environmental taxation, we must not forget to evaluate its impacts in a balanced way, considering risks and benefits, that is, the trade-off between economic development and environmental protection. We, therefore, believe that the results in this study will inspire future research on water management.
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