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The Resource Tax Law was officially implemented on September 1, 2020, in China. This law presents the “Fee-to-Tax” reform of water resources. This article compares the effects of the “Fee-to-Tax” reform under asymmetric duopoly conditions with perfect information. The mechanisms of the two policies are different when all firms simultaneously respond to water resources: the water resource fee affects output by reducing market size, while the water resource tax reduces output by amplifying the weighted cost difference effects between companies. Water resource taxes work better than fees for eliminating backward production capacity. A comparison of the situation when companies respond sequentially is also carried out. When a low-cost firm is in the leading position, the collection of fees actually reduces the output difference, whereas the tax improves it. When a high-cost firm acts as a leader, the effects depend on the cost difference. When the cost difference between firms is small, the first-move advantage of high-cost firms dominates the cost advantages of low-cost firms. Therefore, a higher tax rate yields a smaller output difference. When cost differences are relatively larger, the cost advantage of low-cost firms dominates the first-move advantage of high-cost firms. As the operational cost for reducing water consumption increases, the reduced water consumption first increases and then decreases.
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INTRODUCTION
On August 26, 2019, after the twelfth meeting of the Standing Committee of the Thirteenth National People’s Congress, the Resource Tax Law was officially adopted and was officially implemented on September 1, 2020. For the first time, the Resource Tax Law explicitly levies water resource taxes on a trial basis for industries and individuals who use surface water or groundwater. As the water resource tax is levied, the collection of water resource fees will cease. China’s water resources are very scarce, and the per capita water resources are only one-fourth of the world average. Water resources are unevenly distributed in space and time, and there are problems such as water pollution, waste, the excessive exploitation of groundwater, and weak citizen protection awareness. With the development of the construction of an ecological civilization, the importance of water resources to human society is constantly increasing; therefore, a general trend is to include water resources in the scope of resource tax collection.
China began collecting water resource fees in 1980. In 1988, China officially promulgated and implemented the “Water Law of the People’s Republic of China”, which explicitly included the collection of water resource fees into the legal scope. The collection of water resource fees has serious problems, such as multisector collection, low actual collection rates, and irregular use management. To promote the construction of resource-saving and environmentally friendly cities, increase citizens’ awareness of water resource protection and water efficiency, and improve water resources, China has included water resources in the scope of resource tax collection.
Although country characteristics must necessarily shape practical policy advice, theory provides some fairly specific guidance. This paper aims to analyze the theoretical basis that underlies the Fee-to-Tax reformation of water resources.
When studying the effect of the reform of water resource fees and taxes, scholars hold different opinions. Mushtaq et al. (2008) questioned the effectiveness and feasibility of a water Fee-to-Tax reform and noted that this reform is likely to cause serious difficulties in agricultural production. Ma, Zhao and Ni (2018) indicated that tax reform is conducive to reducing not only arbitrary charges but also the burden on enterprises, and the collection and use of a water resource tax is more reasonable and transparent, which is helpful for the state to control the source and use of the water resource tax and to reduce corruption. Some researchers established the computable general equilibrium model (CGE) of the economy with water as an explicit factor of production. Qin et al. (2012) used the CGE model to assess the economic impact of water pricing in China. Li et al. (2019) calculated a reasonable tax rate of water resources in Yunnan Province with the CGE model; Tian (2021) also calculated the optimal tax rate of water resources in Hebei Province. Beyond these studies, there are few articles on the economic principles of water resource tax fee shifting.
To avoid increasing the corporate tax burden, a general rule is presented that the tax fee after the reform equals the original water resource fee in the Fee-to-Tax reform. In this particular situation, the collection of water resource fees can be seen as a special type of unit tax before the Fee-to-Tax reform. Considering this, the model that studies ad valorem and unit taxes can be adapted to analyze the effect of the Fee-to-Tax reform on water resources.
The comparison between these two types of taxes is a classic topic that has been the subject of ongoing discussion and development in public finance (Skeath, 1994; Blackorby and Murty, 2007; Vetter, 2017). The study of differentiated duopolies or oligopolies was developed by Dixit (1979), Singh and Vives (1984), Häckner (1999) and other scholars. Wang and Zhao (2007) compared the welfare effects of cost reductions in differentiated Bertrand and Cournot oligopolies but did not take taxation into account. It was indicated that in asymmetric and differentiated oligopolies, unit taxation could be welfare-superior to ad valorem taxation if the goods are sufficiently differentiated under either Cournot or Bertrand competition (Wang and Zhao, 2009). Lapan and Hennessy (2011) extended the analysis to multimarket oligopolies. For a linear demand system, it is also demonstrated that the marginal cost of public funds for ad valorem taxes is generally lower than that for unit taxes (Häckner and Herzing, 2016). Arguably, policy designers favor the use of ad valorem taxes over unit taxes in oligopolies. However, the anticompetitive effects of the two taxes on firms’ strategic interactions favor unit taxes over ad valorem taxes (Vetter, 2014). Given decreasing returns to scale, an ad valorem tax regime unambiguously Pareto dominates a unit tax regime (Hoffmann and Runkel, 2016). Griffith and Nesheim et al. (2018) noted that by considering the use of tax policy, utility is linear in the consumption of the outside good. A specific tax results in larger reductions than an ad valorem tax but at a greater cost to consumers.
The vast majority of applications focus on how these theories help us to explain economic situations in real life (Nie and Chen, 2012; Nie et al, 2018; Tao et al, 2018). Such theories are also applied to discuss clean and dirty technology competition (Chen et al, 2015; Acemoglu et al, 2016), the impacts of subsidies and taxation (Chen et al, 2017; Golosov et al, 2014; Wang et al, 2017; Yang et al, 2018; Dong et al, 2018), and other related social economic issues (Bloch and Demange, 2018; Fuest et al, 2018; Wang and Wright, 2017).
In this paper, the model of ad valorem and unit taxes is further developed to study the effect of the Fee-to-Tax reform under an asymmetric duopoly by investigating the total outputs and the difference in the outputs in the two collection regimes.
The remainder of this paper is organized as follows. Model Establishment introduces the model. The model is discussed in Model Analysis under two different circumstances: (1) all firms simultaneously respond to the policy; (2) different firms respond to policy change sequentially. Finally, concluding remarks are presented in Concluding Remarks.
MODEL ESTABLISHMENT
By taking water resource policy into account, a duopoly model is adopted for the following study. In an industry, two asymmetric firms exist (the marginal production costs are different) that compete in quantity. For convenience, denote the two firms as [image: image]. The marginal costs of the two firms are constants, [image: image], which satisfies [image: image]. Assume that the two firms’ outputs are [image: image] and that prices are [image: image]. The inverse demand function satisfies
[image: image]
In Eq. 1, [image: image] means that the market size and [image: image] represents product substitutability. High product substitutability manifests in similar functions offered by the products of the two firms. A larger [image: image] means higher product substitutability; thus, in the extreme case, [image: image] indicates that the products of the two firms have the same function, whereas [image: image] means that each firm has a monopoly on a different product. This type of inverse demand function is widely adopted in economics and in industrial organizations (Chen et al, 2018a; Chen et al, 2018b). Considering the water resource policy, both firms’ profits are listed as follows:
[image: image]
In Eq. 2, [image: image] is the collection rate based on price when the water resource fee is collected, and [image: image] is the taxation rate according to the outputs when the water resource tax is collected (Lapan and Hennessy, 2011). For Eq. 2, the term [image: image] is revenues, and [image: image] is payment for water resources. When the water resource fee is collected, [image: image]. When the water resource tax is collected, [image: image]. We do not consider subsidies and always assume the taxation intensity to be nonnegative. (1) and (2), along with the tax function and fee function, constitute the asymmetric duopoly model with water resource usage payments.
In the following section, the above model is used to analyze the economic and environmental effects of the Fee-to-Tax reform in the situation when all firms respond to the policy change simultaneously and sequentially.
MODEL ANALYSIS
Firms Respond to the Policy Simultaneously
First, we are concerned with the case in which all firms respond to the policy simultaneously, and then the model is discussed under Cournot competition.
When the water resource fee is collected, Eq. 2 is also concave, and the unique equilibrium is determined by the first-order optimal condition. The equilibrium is outlined by the following equations:
[image: image]
The equilibrium is
[image: image]
When water resource fees are collected, both firms reduce outputs, and the two firms reduce output identically. The output gap and corresponding price and profits are
[image: image]
[image: image]
[image: image]
Before the Fee-to-Tax reform, the water resource fee reduced the total outputs and producer surplus. The corresponding price increases with the fee collection intensity. The output difference remains constant regardless of the amount of payment per unit, which means that such a policy places an identical effect on the outputs of the two firms. From Eq. 4, we have [image: image]. Therefore, it is also found that higher product substitutability yields a larger output gap.
When the water resource tax is collected, the payment is [image: image]. Thus, the equilibrium is outlined by the following equations:
[image: image]
The equilibrium is
[image: image]
To measure the cost difference, we refer to the definition of WCD (weighted cost difference) combined with product substitutability.
Definition 1. WCD (weighted cost difference) is defined as [image: image].According to Eq. 9 and [image: image], both firms reduce outputs under [image: image]. Moreover, when the cost difference is small, the high-efficiency firm reduces fewer outputs than the low-efficiency firm. Under [image: image], the water resource tax improves the outputs of high-efficiency firms and reduces the outputs of low-efficiency firms. The output gap is
[image: image]
The corresponding price and profits are given as follows:
[image: image]
[image: image]
From Eq. 9, we have [image: image] Therefore, the water resource tax has a greater effect on high-cost firms than on low-cost firms. Moreover, [image: image]. Higher product substitutability yields a larger output gap. Thus, we draw the following conclusions about subsidies.
Proposition 1. When all firms respond to the policy change simultaneously, (1) The water resource fee does not change the output difference. (2) The water resource tax reduces total outputs and increases the output gap. (3) With small cost differences, the water resource tax reduces the outputs and profits of both firms. (4) Under large cost differences, the water resource tax improves the outputs and profits of high-efficiency firms while reducing the outputs and profits of low-efficiency firms.
Proof. See in Supplementary Appendix SA.
Remarks. Based on the above analysis, we argue that the implementation of water resource taxes improves prices while reducing total output and product surplus. Higher taxes mean higher prices and lower outputs.
Obviously, product substitutability increases the opponent’s costs in the WCD. When [image: image], the opponent’s costs have no effect on the firm’s decisions. This definition reflects the interaction of both the opponent’s costs and product substitutability. In practice, firms care much more about the WCD than the cost difference.
Based on Definition 1, we can intuitively draw the following conclusions. Under Cournot competition, collecting the water resource fee affects equilibrium by reducing the market size, while collecting the water resource tax affects equilibrium by amplifying the effects of the WCD. Both the water resource fee and tax affect the market equilibrium, and the affecting mechanisms differ. Water resource fees reduce the market size and then reduce firms’ outputs and profits. In contrast, collecting a tax amplifies the effects of the WCD and then affects the output difference and profits. The above conclusions capture the action mechanism of the different taxes.
When conducting the Fee-to-Tax reform, a general rule is assumed that the amount of payment remains unchanged during the reform. Thus, a comparison of the outputs is conducted under this basic rule. That is,
[image: image]
Eq. 13 is restated as
[image: image]
For the output effects of the two types of policy, we have the following relationship:
[image: image]
Under a fixed total amount of payment, we draw the following conclusions. Proposition 2 (1)[image: image], [image: image] (2) Under [image: image], the water resource fee yields more output than the water resource tax yield. Otherwise, the water resource fee leads to fewer outputs than the water resource tax.
Proof. See Supplementary Appendix SB.
Remarks. This proposition demonstrates that low-cost firms experience a larger loss in outputs than high-cost firms experience. After the reform, it is more advantageous to phase out backward production capacity. By levying water resource taxes, the government participates in the distribution of benefits from the development of state-owned water resources, can also adjust the distribution of benefits between resource occupiers and nonresource occupiers, and at the same time promote equal competition among water companies.
Interestingly, the distinguishing effects on the output difference are the result of the two policies’ action mechanisms. Collecting the water resource fee affects the equilibrium by reducing the market size. Such a tax affects outputs by amplifying the effects of the WCD. After using tax leverage to increase the cost of water use, companies will naturally adjust their production behavior to promote water conservation.
Firms Respond to the Policy Sequentially: Low-Cost Firm as the Leader
Next, this article discusses the second case: assuming that not all firms respond to the policy synchronously, then the model is discussed under Stackelberg competition. Once the outputs are obtained, the analysis of prices and profits under Stackelberg competition is similar to that under Cournot competition. Thus, in the following section, we mainly focus on outputs. We first address the case in which the low-cost firm plays the leading position, and the high-cost firm acts as a follower.
By taking a backward induction approach, we immediately obtain the following equilibrium when the water fee is collected.
[image: image]
The output gap of the two firms is
[image: image]
Under Stackelberg competition, collecting the water resource fee affects the output gap, which is different from the result under Cournot competition. Moreover, [image: image].
After the Fee-to-Tax reform, the equilibrium is given as follows.
[image: image]
Similarly, the output gap is
[image: image]
[image: image]
Based on the above analysis, we have the following conclusions.
Proposition 3. Collecting the water resource fee reduces the output difference between firms. When a low-cost firm acts as the leader, the output difference is larger than that under the circumstance when the water resource fee is collected. Based on the above conclusion, high-cost firms may prefer water resource fees, and low-cost firms may favor water resource taxes.
Proof. See Supplementary Appendix SC.
Remarks. The output difference when not all firms respond simultaneously is larger than the output difference under the Cournot game. Accordingly, when low-cost firms respond first to the policy reform, these firms possess both cost and first-move advantages. These advantages yield larger output differences than those when firms act at the same time. First, on the basis of their own cost advantages, the first mover has the opportunity to limit its competitor to achieve sales and achieve cost advantages through economies of scale and learning effects. Second, the forerunner creates switching costs for customers who use it, and it is difficult for the latecomer to seize it from the forerunner. Third, the first-move company can build important brand loyalty, but the latter is difficult to break. In all, when firms do not respond simultaneously, the effects of the policy reform that supports phasing out of backward production capacity are strengthened.
Furthermore, an analysis of the environmental benefits of the “Fee-to-Tax” reform will be discussed. For the ith firm under consideration: [image: image], where [image: image] means the present value of the original production cost; [image: image] means the increased operational cost (i.e., cost increased as a result of renewed technology for reducing water consumption).
To measure the reducing water consumption, we introduce the definition of [image: image] (reducing water consumption) combined with the increased operational cost: [image: image], in which [image: image] stands for the ratio of reducing water consumption over the original water consumption per unit product.
When the low-cost firm (firm A) plays the leading position, its production cost increases: [image: image]. The cost of high-cost firm (firm B) stays unchanged.
By taking a backward induction approach, we immediately obtain the following equilibrium when the water fee is collected.
[image: image]
[image: image]
After the tax reform, the water tax was collected.
[image: image]
Proposition 4. As the operational cost for saving water consumption increases, the reducing water consumption increases at first, and then decreases.
Remarks. The first-move company invests in water saving technology. Thus, the actual cost of its product includes the original cost and the increased operational cost for reducing water consumption. As a company increases its investment in saving water, the reduced water consumption increases as well. However, when the operational cost increases beyond the extreme point, the actual cost will become so high that it will cause the sales of the product to decline dramatically, hinder the company’s commercial competition, and thus eventually decrease the reducing water consumption. Figure 1 shows numerical simulations of [image: image] when [image: image]. This figure shows that [image: image] first increases and then decreases as the operational cost for saving water of the leader firm increases, which is consistent with Proposition 4.
[image: Figure 1]FIGURE 1 | Numerical simulations of[image: image].
Firms Respond to the Policy Sequentially: High-Cost Firm as the Leader
Then, we consider the other case in which the high-cost firm leads, while the low-cost firm follows.
When a high-cost firm (firm [image: image]) acts as a leader, the problem is also solved by a backward induction approach. We first consider the situation when the water resource fee was collected.
[image: image]
The output gap is
[image: image]
Similar conclusions to those drawn in Concluding Remarks also hold. That is,
[image: image]
Moreover, a small cost difference between the two firms implies that [image: image], and a large cost difference indicates that [image: image]. Thus, we draw the following conclusion. When a high-cost firm acts as the leader, with a small cost difference, the first-move advantage of firm [image: image] dominates the cost advantages of firm [image: image]. Therefore, for small cost differences, a higher tax rate yields a smaller output difference. When cost differences are relatively larger, the cost advantage of firm [image: image] dominates the first-move advantage of firm [image: image], and a higher fee rate yields larger output differences. In this way, the water resource fee promotes output differences. Moreover, the total outputs under the water resource fee satisfy the relationships
[image: image]
Apparently, [image: image]. Similarly, we also have the relationship [image: image].
In the situation when the water resource tax is collected, the equilibrium is given as follows:
[image: image]
Similarly, the output gap is
[image: image]
Based on Eq. 26, we have the relationships [image: image]and [image: image]. The corresponding price is
[image: image]
Based on the above analysis, we obtain the following conclusions:
Proposition 5. When the high-cost firm leads the investment in water savings according to the “Fee-to-Tax” reform, the output of the high-cost firm is higher than its output under the situation when two firms respond simultaneously. The outputs of the latecomer are lower than the outputs under other circumstances. The total output of two firms is higher than the output when two firms respond simultaneously. More specifically, the proposition can be delivered in the following inequality:
[image: image]
Proof. See Supplementary Appendix SD.
Remarks. Under the Stackelberg game, firm [image: image] possesses both a cost advantage and a second-move disadvantage. This disadvantage yields a smaller output difference than that under the Cournot game. Furthermore, the total outputs when the low-cost firm plays a leading position are higher than the total outputs when the high-cost firm acts as a leader. The outputs under Stackelberg competition are higher than the outputs under Cournot competition because the leading firm produces more under Stackelberg than under Cournot to hinder entrants. High outputs are regarded as a strategy.
Accordingly, the implementation of the tax reduces the outputs of both firms. The tax reduces the outputs of high-cost firms more than the outputs of low-cost firms. When two firms respond at the same time, collecting water resource fees reduces outputs symmetrically. However, the implementation of a water resource tax has an asymmetric reduction effect on firms’ output. In other cases, when two firms do not respond to the policy reform simultaneously, both policies have an asymmetric reduction effect on firms’ outputs. However, the effect of taxes on the leading firm in such situations is more severe than the effect of taxes on the corresponding firm when they respond simultaneously.
CONCLUDING REMARKS
This article addresses the effects of the “Fee-to-Tax” reform of China’s water resources under asymmetric duopoly conditions. The impacting mechanisms of water resource taxes and water resource fees differ. Collecting water resource fees reduces the market size, while taxes amplify the WCD (weighted cost difference) effects between industries. When all firms in the market respond to the policy simultaneously, the water resource fee reduces firms’ outputs identically, while the water resource tax affects high-cost firms more than low-cost firms. Furthermore, when firms respond sequentially, the implementation of fees asymmetrically affects the equilibrium of firms. However, the tax affects the leading firm more than it affects the corresponding firm when all firms act synchronously. Additionally, the effect of the tax is more severe for leading firms than for followers. Surprisingly, it is also proven that the outputs are higher under Stackelberg competition than under Cournot competition because the leading firm under Stackelberg produces more than the leading firm under Cournot produces to hinder entrants. As the operational cost for reducing water consumption increases, the reduced water consumption first increases and then decreases. Therefore, the “Fee-to-Tax” reform provides some benefits to maintain the environmental development of some water mining or related industries.
Based on the above analysis, taxes can act as an efficient regulative tool to support and shape industrial development. Some policy implications can be proposed according to the findings in this analysis. Specifically, the adoption of special taxes in some industries can help to eliminate backward production capacity. Because the collection of taxes has asymmetric effects on output, it works better to phase out backward production capacity than the collection of fees. Additionally, when the government decides on a tax pattern, the market characteristics of different firms should be fully considered.
In this article, the effect of the “Fee-to-Tax” reform under asymmetric duopoly conditions with perfect information is discussed. Some further research topics arise. On the one hand, the market response under incomplete information is worth discussing. Incomplete information deters both government and industry decisions, and it is also important to study the mechanisms in such situations. On the other hand, in analyzing tax reforms, it is worth considering deterring the different production characteristics of different industries. In this way, an optimal tax regime can be proposed. It is crucial to design a tax regime that considers the long-term effects for some industries with externalities that involve energy, the environment and food safety. Chen and Nie, 2016.
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