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Abstract
This paper aims to investigate the impact of different types of carbon pricing and rebate systems on firm incentives and carbon leakage. I estimate this impact by developing a theoretical model that compares the outcomes from a standard carbon tax without a rebate to the outcomes from introducing two different types of rebate mechanisms. These mechanisms include the CleanBC Industrial Incentive Program (CIIP) and an output-based rebate. In comparison to the standard carbon tax, I find that each rebate mechanism lowers the equilibrium price of output and, therefore, increases equilibrium output, while also mitigating carbon leakage. In this respect, I find that the output-based rebate produces the greatest impact followed by the CIIP. However, the CIIP results in a lower level of emissions intensity compared to the output-based rebate.
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[bookmark: _Toc460072138]Introduction
	Over recent years, carbon pricing has grown in use as a tool to regulate greenhouse gas (GHG) emissions and achieve climate change targets. The continued promotion of a price on carbon by economists as the most efficient way to reduce emissions has shown some success, as 46 countries and 28 provinces, states and cities have implemented or have scheduled for implementation a carbon price (World Bank, 2019). Many more jurisdictions are also planning to implement this type of climate change policy, as 96 of the 185 Parties to the Paris Agreement (representing 55 percent of global GHG emissions) have indicated they are considering a price on carbon (World Bank, 2019). Altogether, around 20 percent of annual global GHG emissions are currently covered by a carbon price (World Bank, 2019).
	More cumbersome is the implementation of a carbon price that is high enough to effectively reach climate change targets. As the World Bank (2019) notes in a recent report, less than 5 percent of emissions covered by a carbon price are priced at a level consistent with reaching the temperature targets of the Paris Agreement. This statistic is striking given that the Paris Agreement emissions reduction targets have already been set too low to realistically avoid severe warming greater than 2°C (UNEP, 2017). Political pressure arising from concern over adverse economic impacts may inhibit regulators from imposing a high carbon price. 
	In North America, the province of British Columbia (BC) was the first to implement a carbon tax of $10/tonne of CO2 in 2008, which rose to $30/tonne in 2012 (Harrison, 2019). Of note, this carbon tax is revenue-neutral, returning revenues to low-income households to address regressive impacts and through reduced income and corporate tax rates. BC’s carbon tax remained frozen until 2018, when it began to rise again with a scheduled annual increase of $5/tonne to comply with federal requirements (Harrison, 2019). Thus, the carbon tax rose to $40/tonne in 2019, where it currently sits; a freeze has been put in place for 2020 due to the COVID-19 pandemic (Government of British Columbia, 2020). 
	At the federal level, a carbon tax starting at $20/tonne in 2019, rising to $50/tonne in 2022, was implemented (Environment and Climate Change Canada, 2019). This national carbon pricing system is imposed on territories and on provinces that do not develop their own pricing system (Prime Minister of Canada, 2018). Provinces’ own pricing systems need to meet a minimum federal standard to be accepted. Additionally, the federal system is comprised of two main components, a fuel charge and an output-based pricing system for large industry, and returns all revenues to the jurisdictions that adopt the federal system (Government of Canada, 2019). Originally, the BC government scheduled increases in BC’s carbon tax rate such that it would reach $50/tonne by 2021, a year before the federal deadline of 2022, in order to meet the federal standard. The delayed increase this year likely means that BC’s carbon tax rate will now reach $50/tonne by the federal deadline of 2022.
	Revenues from BC’s carbon tax above the original rate of $30/tonne flow to a new CleanBC Program for Industry. This program consists of two components, an Industrial Incentive Program and a CleanBC Industry Fund. While the fund invests in new industry projects that aim to reduce emissions, the CleanBC Industrial Incentive Program (CIIP) rebates carbon taxes for firms based on how their emissions intensity compares to a sector-based performance benchmark (Government of British Columbia, 2020). These two components complement each other, since the industry fund may help firms achieve abatement of emissions at a lower cost, which in turn helps these firms become eligible to the CIIP or obtain a larger rebate under the CIIP.
	The CIIP is a novel emissions intensity-based approach in Canada, providing firms a rebate on the carbon taxes they have paid that is based on their level of emissions intensity. The CIIP establishes an eligibility threshold and a ‘world leading’ emissions intensity performance benchmark for each industry sector. Each benchmark is based on analysis of emissions intensity performance in other countries’ industry sectors, with a particular focus on those countries and sectors that are leading in terms of performance. As an eligible firm’s emissions intensity approaches the benchmark for their respective sector, the rebate becomes larger (see Annex). 
	A firm is eligible for the program if their emissions intensity (i.e. emissions per unit of output) is at or below a specific level, which is the eligibility threshold. If a firm’s emissions intensity is at this threshold, they will receive the minimum rebate under the program. Once a firm’s emissions intensity reaches the performance benchmark, the rebate is maximized. 	Currently, the maximum rebate is $10/tonne, as the CIIP only rebates carbon taxes above the rate of $30/tonne. Regardless of a firm’s emissions intensity performance, they must still pay a minimum rate of $30/tonne. On an additional note, the CIIP does not cover electricity generation and natural gas distribution sectors and firms that emit less than 10,000 GHG emissions. As such, the program only covers part of the province’s total emissions.
	Concern over carbon leakage and competitiveness of domestic firms helped prompt the creation of the CIIP. Firms covered by BC’s carbon tax argue that they are less competitive compared to unregulated firms that do not face a carbon tax or face a lower carbon price such as in Alberta or Quebec (D'Souza, 2019). Policymakers expect this program to reduce emissions further, increase investment in clean technology projects, improve competitiveness and mitigate carbon leakage. 
	This paper evaluates the impact of the CIIP on firm incentives and compares the CIIP to a standard carbon tax and an output-based rebating (OBR) system. While OBR is a system that can come in different forms, including emissions taxes with rebates, output-allocated tradable emissions permits and tradable emissions performance standards, I focus here on an emissions tax with an output-based rebate. First, I present findings from the general literature on the justification for a rebating system, the impacts of different rebate systems on firm incentives and carbon leakage, and another emissions intensity-based approach previously proposed in Canada. In the second section, I develop a theoretical model to analyze and compare the standard carbon tax and both rebate mechanisms, highlighting key insights found in this evaluation.
[bookmark: _Toc460072139]Literature Review
[bookmark: _Toc460072140]2.1.  Rationale for Rebating
	One of the contributing factors to the political unacceptability of environmental taxes or pricing policies is incomplete coverage of sectors or regions. Incomplete coverage creates a competitive advantage for unregulated industries and may result in production being shifted to unregulated sectors or regions that face lower regulatory costs. This imbalance can reduce the competitiveness of the regulated industries, which may seek to lobby against such a policy, and lead to the creation of ‘pollution havens’ if production shifts to areas that do not have an environmental tax. Bernard et al. (2007) focus on assessing the latter part of this problem and the justification for OBR as a potential solution, using an economic model and numerical simulations.
	As Bernard et al. (2007) detail, OBR simultaneously creates a marginal cost for emissions and offers a production subsidy for regulated emitters. In the first-best scenario, an environmental tax has complete coverage over all emitters and a rebate is not needed. If this is not possible, the authors state that the second-best optimal solution would be to tax the unregulated sector. One way to achieve this solution is through commodity taxation. However, this approach may also not be possible. In this case, there is a stronger rationale for OBR, but whether a rebate should be implemented also depends on the emissions profiles of the regulated and unregulated sectors and the substitutability of the goods each produces.  
	The authors’ theoretical and empirical analyses highlight an important condition for the implementation of OBR. An unregulated sector that cannot be taxed must produce goods that are close substitutes with the regulated sector and have a similar emissions profile to justify a rebate policy. If the goods are not close substitutes and the emissions profiles differ, it may be harder for production to shift to the unregulated sector. When this condition is satisfied, an emissions tax on the regulated sector reduces welfare, since emissions rise in the unregulated sector more than emissions are reduced in the regulated sector. Therefore, a rebate is justified under these circumstances.
	 Complementing this analysis, Dechezlepretre & Sato (2017) survey the broader empirical literature to assess the evidence for and against the pollution haven hypothesis. Moreover, they also examine the evidence for the contrasting Porter hypothesis, which proposes that environmental policies can improve regulated firms’ competitiveness through induced innovation and cost-reducing efficiency improvements. The Porter hypothesis has two versions: the ‘weak’ version stipulates that well-designed environmental policy may induce innovation, while the ‘strong’ version goes further by stating that this induced innovation can offset regulatory costs, improving regulated firms’ competitiveness. Both versions are included in the authors’ comprehensive literature review. The ‘strong’ version, if true, means that innovation can mitigate losses in market share to unregulated firms and give regulated firms a technological advantage, potentially turning them into leaders in clean technology.
	While Dechezlepretre & Sato (2017) find empirical evidence to support the ‘weak’ version of the Porter hypothesis, they do not find evidence to support the ‘strong’ version. Thus, environmental policies can induce innovation, which benefits regulated firms. However, there is no evidence to support the idea that this innovation improves regulated firms’ competitiveness and fully offsets the imposed regulatory costs.
	In regards to the pollution haven hypothesis, Dechezlepretre & Sato (2017) found a small impact on the relocation of industry and production from the implementation of environmental policies. Internationally, the impact was found to be much smaller than at more local levels. This result makes sense in that costs are larger to relocate across countries than within countries. Interestingly, the authors find the small size of the impact at the international level to be surprising given the high level of concern among policymakers over international competitiveness. Dechezlepretre & Sato (2017) suggest that these concerns are inflated because of successful lobbying by firms, where firms overstate the adverse impact an environmental policy will have on their competitiveness and may attribute offshoring decisions to environmental policy when these decisions are due to other factors. Another explanation that the authors posit is endogeneity, in that policymakers may set the stringency of an environmental policy to be low when there will be large impacts on competitiveness. Further research is needed to properly assess the contribution of each of these explanations to the pollution haven effects seen in the evidence thus far.
[bookmark: _Toc460072141]2.2.  Rebate Mechanisms
	Hagem et al. (2015) use a theoretical analysis to assess the impacts of OBR and expenditure-based refunding (EBR) systems on the incentives of firms and compare these impacts to a standard Pigouvian carbon tax. The first rebate mechanism is a standard OBR system, which refunds a carbon tax in proportion to output. The second mechanism, EBR, provides a refund in proportion to a firm’s expenditure on abatement equipment. While OBR creates a subsidy for output, EBR creates a subsidy for abatement technologies. International examples are also highlighted in the paper, with a comparative analysis of Sweden’s use of OBR and Norway’s use of EBR for nitrogen oxides.
	The authors found that the OBR and EBR systems change the incentives of firms in comparison to a standard Pigouvian carbon tax and create some inefficiency (Hagem et al., 2015). Both designs lead to firms reducing emissions more through abatement technology instead of through reducing output than what is economically efficient. In order to achieve a given abatement target, the authors found that the tax rates in the OBR or EBR design need to exceed or be lower than the standard tax rate, respectively. Moreover, the study found that EBR results in more abatement and OBR results in less abatement than under a standard Pigouvian tax when the tax rates are assumed to be the same.
	For impacts on production, Hagem et al. (2015) found that the firm’s abatement function and the parameters of the model determined whether EBR or OBR resulted in a larger output reduction. If emissions are proportional to output for a given technology, then output is likely to be higher under the OBR system. If it is costly to reduce emissions through expenditure on abatement technology, then output is likely to be higher under an EBR system. Additionally, the social welfare provided by either system was found to be dependent on the equilibrium output and, therefore, on the abatement function and model parameters as well.
	A closer examination of firm preferences for the type of rebate mechanism revealed that their preference depends on their initial level of emissions intensity and relative abatement costs. More specifically, Hagem et al. (2015) found that firms with high emissions that would already be taking on maintenance investments in the near future that may reduce emissions would prefer EBR, since it would provide the largest subsidies. However, firms with low initial emissions intensity prefer OBR, since under OBR they are better off than compared to EBR or even the situation where there is no environmental policy in place.
	Similar to the findings of the general literature, this paper emphasizes that OBR and EBR systems will likely be used when a standard Pigouvian-level tax is politically unacceptable. The OBR and EBR systems provide a method to reach a high level of abatement while mitigating adverse impacts on economic activity. Furthermore, the increase in abatement expenditures can lead to more jobs and faster development of the clean technology industry, which may lead to additional advantages in terms of global competitiveness and exports.
[bookmark: _Toc460072142]2.3.  Alternative Emissions-Intensity Based Approach
	In past years, the Canadian government proposed adopting a national emissions-intensity based approach called a tradable emissions performance standard (TEPS). A TEPS is a variant of cap-and-trade policy, regulating emissions intensity instead of the absolute emissions level. Under the TEPS, the government sets a target level of emissions intensity. Firms with emissions intensity lower than this level obtain permits that they can trade with firms whose emissions intensity is higher than the target. Jaccard & Rivers (2010) compare this policy to a traditional cap-and-trade system using a theoretical analysis with different policy objectives and constraints as well as numerical simulations. 
	The first part of Jaccard & Rivers’ (2010) theoretical analysis compares a traditional cap-and-trade policy to a TEPS in the certainty of reaching an emissions target at a predictable cost. This analysis found that if there is perfect information where the regulator knows the future growth rate of each economic sector, which includes impacts from the policy on production, then the regulator can set a target level of emissions intensity in a TEPS that will result in the same amount of absolute emissions reductions as a cap-and-trade policy. However, regulators typically operate under imperfect information and face uncertainty around economic growth. Therefore, a cap-and-trade system provides more certainty in terms of reaching an absolute emissions target. In contrast, the authors found that a TEPS provides more certainty in terms of the permit price, as a TEPS outperforms a cap-and-trade system in reducing the likelihood of compliance costs being higher than expected.
	For the second part, cap-and-trade policy is compared to a TEPS in terms of economic efficiency under four different scenarios. The first-best scenario occurs when there are no pre-existing distortions in the economy and each policy is able to cover all emissions. Under this scenario, cap-and-trade policy is found to be more efficient than a TEPS. The remaining scenarios are in the second-best realm, with the second scenario assuming that each policy can only cover a single region. Therefore, there exists an imbalance between regions, as other regions do not implement climate policies or implement weaker policies. In this case, a TEPS offers the advantage of maintaining global competitiveness for domestic firms and mitigating carbon leakage to a larger extent than a cap-and-trade policy. In a similar sense, the third scenario assumes each policy can only cover some sources of emissions within the region itself. Similarly, a TEPS is found to have a greater advantage in mitigating consumer substitution towards unregulated sources of emissions, which creates inefficiency and reduces the effectiveness of pricing policies. Finally, the fourth scenario examines the case where there are pre-existing distortionary taxes in the economy. The conclusion from this comparison depends on the design of the cap-and-trade policy. If a cap-and-trade system auctions permits and uses revenue from auctioning to reduce pre-existing tax distortions, then it will be more efficient than a TEPS that does not do the same. Otherwise, a TEPS will generally be more efficient, as it magnifies these pre-existing distortions to a smaller extent than a cap-and-trade policy.
	In addition, the authors assess each policy’s ability to incentivize firms to innovate. In comparison to cap-and-trade policy, a TEPS results in greater output and, therefore, greater abatement of emissions. Firms can either reduce output or increase abatement to reduce emissions, which means the TEPS implicitly incentivizes firms to choose the latter over the former. This result may mean that the incentive to innovate is larger under a TEPS. However, the authors caution that their model does not account for many confounding factors that could alter the end result. As such, further research is needed to determine the impact on innovation from each policy.
	Finally, Jaccard & Rivers’ (2010) conduct an empirical model simulation, comparing the impacts of cap-and-trade and a TEPS on output and emissions. As previously mentioned, the TEPS results in higher economic output than under a cap-and-trade system, since it provides an implicit output subsidy to firms. Hence, the TEPS is better able to mitigate adverse impacts on the economy and global competitiveness of domestic industries. However, the trade off is that the TEPS requires almost twice as high of an equilibrium permit price as a cap-and-trade system to reach a given level of emissions reduction.
[bookmark: _Toc460072143]Comparison of a Standard Carbon Tax with Rebate Mechanisms
	Consider a representative firm  that produces output , an emissions intensity level of , and total emissions . Let  be the production costs of  given , such that . I assume that  and , which are standard assumptions used in economic theory. As output increases, costs increase at an increasing rate. Note that , since lowering  (increasing abatement of emissions) increases costs. Furthermore, , meaning the benefits of raising emissions intensity are decreasing, or the marginal cost of decreasing emissions intensity is increasing. Finally, let us assume that the cross-partial , meaning that a higher emissions intensity lowers marginal production costs, and more output lowers the marginal cost savings of higher intensity.
	The subsequent analysis will analyze the representative firm’s incentives and equilibrium effects in the market that this firm faces. For this analysis, I make the following assumptions:
· Assume the representative firm is at or below the eligibility threshold in terms of emissions intensity;
· Assume the representative firm is above their sector’s established emissions intensity performance benchmark; and
· Assume perfect competition and perfect information.[footnoteRef:1] [1:  See Fischer (2010) for an analysis of output-based rebating under imperfect competition and Gersbach & Requate (2000) for the design of refunding schemes with emissions taxes under imperfect competition.] 

	In this section, I assume a single local market, in which all supply is regulated according to the policy, and demand is downward sloping, meaning prices will adjust to reflect changes in marginal costs, In section 4, I consider a market in which regulated firms compete with unregulated firms, and prices are set by international competition.
[bookmark: _Toc460072144]3.1.  Standard Carbon Tax
	The standard carbon tax does not include a rebate for industrial emitters. Here, I assume that the tax has been set equal to the Pigouvian tax level. In the following sections, I assume that this tax rate remains unchanged, albeit with different rebate mechanisms introduced.
	Under the standard carbon tax, the profit function for firm  is (excluding the  for simplicity):
1. 
where  is the total revenue of firm  and  is equal to the total carbon taxes the firm faces.
	The first order conditions for profit maximization are:
2. 
3. 
	The first order conditions imply the following:
4. 
5. 
	Under profit maximization, equation 4 demonstrates that price must equal the marginal cost of production plus carbon taxes paid per unit of output. Further, equation 5 demonstrates that the marginal benefit of emissions reduction, which is the carbon tax rate , must be equal to the marginal abatement cost or marginal cost of emissions reduction. 
	Since the carbon tax is assumed to be at the Pigouvian level, it can instead be described as being equated to the social marginal cost of emissions reduction. Since there are negative externalities (costs that are not incorporated in the market price) associated with output production, the Pigouvian tax is set equal to the social cost of these negative externalities as opposed to the private cost, which is smaller in size. By setting the carbon tax rate to the Pigouvian level, these externalities are internalized and captured in the market price. Thus, the Pigouvian carbon tax is an economically efficient policy. 
[bookmark: _Toc460072145]3.2.  Carbon Tax with Standard Output-Based Rebate
	I begin my analysis of rebate mechanisms by starting with the more commonly used output-based rebate (OBR) mechanism, which provides a refund in proportion to output at a given carbon tax rate. Thus, OBR provides a more politically favourable option compared to the standard Pigouvian-level carbon tax. Policymakers can use this rebate to mitigate the reduction in industrial activity and rise in carbon leakage that may accompany a carbon tax. However, this rebate struggles with an efficiency issue since the equilibrium price diverges from the level required for a Pigouvian tax and output increases as a result of the new incentive. This means that the level of emissions and abatement is not economically efficient.
	Let  be the output-based rebate per unit of output .
	The resulting profit function is the following:
6. 
where the functional form of the rebate is  with  being a benchmark. If the policy is revenue neutral, then the  is equal to  in equilibrium.
	First order conditions for profit maximization are:
7. 		
8.   
	From the first order conditions, I find the following:
9. 

10. 
	Equation 9 shows that the market price is lowered by the amount of the rebate, as the full refund is passed onto consumers in a perfectly competitive market. Meanwhile, equation 10 demonstrates that the marginal benefit of emissions reduction remains equal to the marginal abatement cost, as under the standard carbon tax case (section 3.1). At a given tax rate, a lower equilibrium price creates more demand for output. As such, I conclude that equilibrium output is higher than under the standard Pigouvian-level carbon tax.
	At the Pigouvian tax rate, which does not include a rebate, the most efficient and optimal way to reduce emissions would include more output reduction than the allocation that occurs under this rebating system. Since the rebate distorts this optimal allocation by increasing output, the tax rate will subsequently diverge from being equal to the marginal abatement cost, as there will be a small second-order change in marginal abatement cost that occurs after the firm increases output. As such, this rebate system will lower economic efficiency compared to the standard Pigouvian carbon tax. However, it is important to note going forward that this conclusion is reliant on the assumptions of perfect competition and perfect information. 
[bookmark: _Toc460072146]3.3.  CIIP Emissions Intensity-Based Rebate
	Next, I assess the impact of introducing the CIIP’s emissions intensity-based approach on firm incentives. The rebate essentially takes the form of a reduction in the tax rate applied to the firm’s emissions. This rebate is attached to the given standard carbon tax rate assessed in section 3.1. 
	Additionally, it is important to note that the CIIP has a minimum standard carbon tax that each firm must pay regardless of the level of their emissions intensity. This aspect of the policy is not incorporated in the subsequent analysis to make for easier comparison with the other types of rebate mechanisms. As such, I assume in my analysis that the CIIP allows for a full rebate if a firm’s emissions intensity reaches the sector-based performance benchmark.
	With the CIIP rebate, the carbon tax is no longer equated with the Pigouvian tax level. Let the rebate be some function of output and emissions intensity, , defined as having the following functional form:

where   is the eligibility threshold (maximum acceptable intensity for a rebate) in the firm’s sector and  is the world-leading performance benchmark (the minimum of the range, e.g., the emissions intensity of the world’s best performer) in the firm’s sector. As such, , meaning that 
	The resulting profit function is the following:
11. 
	First order conditions for profit maximization are:
12. 		
13.   
	From the first order conditions, I find the following:
14. 
 
15. 

Of note is that  and .
	It is immediately evident that there is a first-order increase in the marginal abatement cost from the first-order conditions. The marginal abatement cost is no longer equated with the standard carbon tax now that the CIIP rebate has been introduced, assuming that the carbon tax is at the same level as in the previous sections (3.1 and 3.2). I draw two main conclusions from this result. 
	First, as seen in equation 14, the equilibrium price has been lowered by  compared to the Pigouvian carbon tax case (section 3.1), which means that equilibrium output will be higher. Further, as seen in equation 15, the firm’s marginal abatement cost is higher in equilibrium. This result means that the firm is further up the marginal abatement cost curve than in the standard carbon tax case. As abatement increases, the firm moves further up the curve. Thus, this result demonstrates that the firm has lowered its emissions intensity now that the rebate has been introduced. This result is unsurprising given that the firm will pay less in net carbon taxes if it lowers its emissions intensity and receives a rebate. As such, the firm is incentivized to focus on reducing emissions through abatement instead of output reduction. While the firm will pay less carbon tax if total emissions are reduced through either abatement or reduced production, the firm will receive an additional rebate if it abates emissions to lower emissions intensity, making abatement relatively cheaper to pursue as a means to emissions reduction.
	 A portion of the rebate effectively subsidizes abatement since this is the only means to reducing emissions intensity, which means that there will be more abatement and a higher level of output than what is economically efficient. Moreover, the increase in output will lead to a second-order change in the marginal abatement cost. As such, my second conclusion is that there is a decrease in economic efficiency compared to the Pigouvian-level carbon tax (section 3.1).
[bookmark: _Toc460072147]3.4.  Discussion
	A comparison of the first-order conditions between the two different rebate mechanisms illustrates key differences with respect to the marginal cost of emissions reduction and the impact on equilibrium price and output (see Table 1). The marginal benefit of emissions reductions, which is , must be equated to the marginal abatement cost in equilibrium. While OBR does not result in a first-order change in the marginal cost of emissions reductions compared to a standard carbon tax, it can be seen that CIIP’s emissions intensity-based approach result in a first-order change in the form of a higher marginal cost of emissions reduction. In regards to equilibrium output, both approaches are similar in that they lower the equilibrium price, increasing consumer demand and equilibrium output. Of note, since output is higher under each rebate mechanism, there is a smaller second-order change in the marginal cost of emissions reduction.
	Further interpretation of the first-order change in the marginal abatement cost from the introduction of the CIIP rebate yields another key difference with respect to emissions. Since the CIIP results in the firm moving up its marginal abatement cost curve and lowering its emissions intensity, it is more likely that total emissions will be lower than under the OBR. The OBR does not result in a first-order change in the marginal abatement cost and will likely have a larger emissions profile.
Table 1: Comparative Analysis of Impact on Firm Incentives
	
	Standard Carbon Tax
	CIIP Rebate
(with )

	OBR
(with )

	FOCs
	



	


	




	First-Order Price Impact
	
	Negative
	Negative

	First-Order Output Impact
	
	Positive
	Positive



	In terms of each rebate mechanism’s impact on equilibrium price and output, I make the following three propositions:
	Proposition 1: 
	Given the first-order conditions for profit maximization and assuming the rebate  or  is nonnegative, the level of emissions intensity  is positive, and that in equilibrium  I find that each rebate mechanism has a different impact on the equilibrium price when compared to a standard carbon tax. In summary, I find that .
	Proof of Proposition 1:
	As seen in Table 1, the first equation in the first order conditions determines the equilibrium price for each rebate mechanism. I can take the difference between the equilibrium prices under the two rebates as . For the same  the marginal tax costs are lower for the CIIP than the standard carbon tax. If the firm decides to further lower its emissions rate or increase output, it must be that it further raises its profits. As such, I argue that the difference is positive, establishing the first relationship that that . Further, given that  and using the same argument, I find that  since . Moreover, since emissions intensity is lower under the CIIP compared to the OBR, this means that , as a higher emissions intensity lowers marginal production costs or . Due to my initial assumptions that  (see beginning of section 3), it is the case that .
	Proposition 2:
	Given the first-order conditions for profit maximization and Proposition 1, I find differing impacts on equilibrium output between the two rebate mechanisms when compared to a standard carbon tax. In particular, I find that .
	Proof of Proposition 2:
	The order of these relationships is such that they follow the law of demand in a perfectly competitive market, which stipulates that as the equilibrium price rises equilibrium output must fall. As such, the order reflects the relationships found for the equilibrium price under each rebate mechanism in Proposition 1. Additionally, it can be seen that the marginal cost of output  is highest for OBR followed by the CIIP’s emissions intensity-based rebate and finally the standard carbon tax. This indicates the above relationship found for equilibrium output in Proposition 2, since  rises as output rises due to my assumption that .
	Proposition 3:
	Given the first-order conditions for profit maximization and assuming the rebate  or  is nonnegative and the level of emissions intensity  is positive, I find that the level of emissions intensity differs between the two rebate mechanisms. In particular, I find that .
	Proof of Proposition 3:
	As a firm moves higher up its marginal abatement cost curve, abatement of emissions increases. As such, the larger the marginal abatement cost (MAC), the lower the level of emissions intensity. Since , I can rank the marginal abatement cost across policies as , which proves the relationship found in Proposition 3. Of note is that
[bookmark: _Toc460072148]Comparison of Carbon Leakage among Rebate Mechanisms
	Now that each policy has been evaluated in terms of its impact on firm incentives, I extend the model to discuss impacts on carbon leakage. First, I examine a representative firm that is unregulated for comparison. I assume that the representative firm is in a foreign market where a carbon price has not been implemented. Further, I assume that the unregulated firm is similar in all aspects to the regulated firm previously examined. Both firms are price takers, operating in a perfectly competitive environment, and produce the same goods. Thus, both firms are competitors and hold no market power. Finally, while I recognize that there are multiple ways in which carbon leakage occurs, I only examine carbon leakage resulting from a change in shares of total production between the regulated and unregulated firms after the implementation of the carbon pricing system.
	In the unregulated foreign market, the profit function for the representative firm is:
16. 
	Thus, the first order conditions for profit maximization are:
17. 		
18.   
	From the first order conditions, I find the following:
19. 
20. 
	As seen from the first order conditions, the equilibrium price is lower for an unregulated firm and the unregulated firm has no incentive to reduce emissions intensity. Without an environmental policy in place, which internalizes the externality of greenhouse gas emissions, the market price does not reflect the externality costs, and the private costs of the firm are not tied to emissions. Thus, it can be expected that the implementation of a carbon pricing system on a similar firm will increase this competitor’s costs and negatively impact this competitor’s output, since their market price will rise to incorporate some of the costs of the tax. The greater the adverse impact on a regulated firm’s output, the greater the potential loss in market share to the unregulated firm. If the unregulated firm captures more market share as a result of the new carbon price, then there is carbon leakage.
	Proposition 4: 
	Given Proposition 2 and the comparison of first order conditions under each carbon pricing system to the unregulated firm (see Table 2), I find that carbon leakage is greatest under the standard carbon tax followed by the CIIP’s emissions intensity-based rebate and lastly the OBR. As such, the OBR mitigates carbon leakage the most out of all rebate mechanisms followed by the CIIP rebate. However, both rebate mechanisms mitigate carbon leakage to some extent since the equilibrium price is not lowered as much as under the Pigouvian carbon tax, mitigating the adverse impact on equilibrium output. 
	Proof of Proposition 4:
	Proposition 2 states that . It follows from the proof of Proposition 2 that the unregulated firm without an environmental policy captures the most market share followed by the regulated firm under the OBR, the regulated firm under the CIIP, and lastly the regulated firm under the standard carbon tax.
Table 2: Comparative Analysis of Impact on Carbon Leakage
	
	Unregulated Firm
	Standard Carbon Tax
	CIIP Rebate
(with )

	OBR
(with )

	FOCs
	




	


	


	




	First-Order Price Impact
	
	Positive
	Positive
	Positive

	First-Order Output Impact
	
	Negative
	Negative
	Negative



[bookmark: _Toc460072149]Conclusion
	Compared to the CIIP’s emissions intensity-based approach, key differences and similarities emerge with the OBR rebate. The introduction of the CIIP rebate leads to a first-order increase in the marginal abatement cost and a lower level of emissions intensity. Since the firm is incentivized to decrease its emissions intensity, it moves further up the marginal abatement cost curve. In contrast, the OBR approach does not result in a first-order change in marginal abatement cost. Since the CIIP results in the representative firm lowering its emissions intensity and moving up its marginal abatement cost curve, while the OBR does not, it is likely that total emissions will be lower under the CIIP. 
	At first glance, the CIIP may seem to be a very different approach compared to a standard OBR system, but this incentive ends up producing similar outcomes with respect to the impact on firm incentives and carbon leakage. While the CIIP uses an emissions intensity-based rebate, this rebate effectively subsidizes output. Firms are incentivized to focus more on abatement instead of output reduction and the equilibrium price is lowered with a higher level of output compared to what would occur under a standard Pigouvian-level carbon tax. The OBR also lowers the equilibrium price and increases output. However, the OBR produces the largest effect followed by the CIIP approach. Unsurprisingly, each rebate mechanism mitigates carbon leakage as well. By reducing the adverse impact that a carbon price imposes on equilibrium output, a regulated firm’s market share is provided protection relative to a carbon price without a rebate. Following the pattern found for each rebate’s impact on equilibrium price and output, carbon leakage is mitigated the most by the OBR followed by the CIIP.  
	The key findings from this paper’s analysis confirm the conclusions from the general literature regarding emissions intensity-based approaches and OBR. As a mechanism to increase or maintain levels of economic output while reducing emissions, both approaches can be effective. Similar to other studies, I find that both approaches encourage firms to choose to increase abatement rather than reduce output as a pathway to reducing total emissions. As such, either mechanism can be used as a compromise if there is a low level of political acceptability for a carbon price or a Pigouvian-level carbon price. However, the CIIP may be a better alternative if policymakers are targeting a lower level of total emissions, since it provides stronger incentives to lower emissions than the OBR approach. Thus, the CIIP offers a compromise on political acceptability, while maintaining a more ambitious emissions reduction target. The importance of this finding should not be understated, since only a minority of carbon prices currently set in the world are high enough to achieve Paris Agreement goals. Moreover, only 20 percent of the world’s annual GHG emissions are currently covered by a carbon price.
	Finally, I find that each rebate mechanism can lead to economic inefficiency in outcomes as abatement may be more than and output reduction may be less than what is economically efficient. Policymakers continue to face an inherent trade-off between political acceptability and economic efficiency when designing a carbon pricing system. However, if a high carbon price or a carbon price with complete coverage of sectors and regions cannot be implemented, then there also remains economic inefficiency, which may be better addressed by an emissions intensity-based approach such as CIIP or an OBR.
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