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Overview

One important concern with regard to climate policies in a single country is the risk of carbon leakage, i.e., that emissions may increase in other countries due to e.g. relocation of emission-intensive industries. In order to mitigate such leakages, industries may be refunded (part of) the emission payments through so-called output-based refunding (OBR), where the refunds are proportional to each installation’s production (not emissions). In this paper we analyze economic and emission effects of combining carbon taxes with OBR, and our main contribution to the existing literature is to examine how the effects of such policies depend on carbon policies in a neighboring region. Our numerical example is Canada and how impacts of Canadian climate policies on domestic emission-intensive and trade-exposed (EITE) industries and for the economy as a whole, depend on the climate policies in the US. The numerical results suggest that Canadian EITE production responds markedly to i) carbon taxes in Canada, ii) OBR-rates in Canada, iii) carbon taxes in the US, and iv) OBR-rates in the US. Moreover, these effects vary considerably among single industries, indicating that if the main purpose of introducing Canadian OBR policies is to maintain the competitiveness of domestic EITE firms, the OBR-rates should differ considerably and, also, respond to changes in US policies. However, within a given US policy regime, irrespective of which, more or less the same Canadian OBR system will be required if the aim is to restore the competitiveness of domestic EITE firms at the same level as before the introduction of own carbon taxation. For some industries OBR policies are hardly ever able to restore competitiveness, while for others low rates would suffice, and even zero in the case where the US conducts carbon policies. From an economy-wide perspective, when abatement costs, emission effects and terms-of-trade effects are accounted for, the optimal OBR-rate is found to lie somewhat below 100% in our central case. Two caveats are, however, important to notice. First, being off the optimum has very little impact on welfare. Second, in sensitivity analyses, what is assumed about EITE product heterogeneity across countries proves far more decisive for the Canadian optimal OBR rates than do US carbon policy assumptions. 
Methods

We employ a combination of theoretical and numerical analysis. The theoretical analysis uses a simplified, partial model with three regions (Home, Foreign and Rest-of-the-world) and one good produced in each region. The three goods are assumed to be imperfectly substitutable, and we analyze the effects on Home’s production and global emissions of combining carbon taxes with OBR both domestically and in Foreign. OBR is equivalent to a production subsidy. We assume that the policy combinations are implemented in a second-best setting, i.e. that no carbon policies are implemented in the Rest-of-the-world. We deduce expressions for firm-level impacts of policy combinations in Home and Foreign, as well as expressions for the optimal level of the domestic OBR rate. Finally, we examine how this optimal OBR rate react to changes in the carbon tax and OBR policies of Foreign.
The numerical analysis uses a computable general equilibrium (CGE) model for Canada, the US, and Rest-of-the world (ROW), based on GTAP-data (cf. e.g. Böhringer et al., 2012, 2014). The model has 16 production sectors, including 5 energy sectors and 5 sectors categorized as EITE (Chemical Products, Minerals, Iron and Steel, Non-Ferrous Metals, and Refined Oil). The model assumes imperfect substitutability between domestic and imported supply of each good, specified through so-called Armington elasticities. The model is simulated with a fixed carbon tax, and different rates of output-based refunding, in Canada and the US (policies in the two countries can differ). The model solves for a new equilibrium, where we can read out numerical effects on production in different sectors and regions, emission leakages, and economy-wide welfare. Canadian welfare is measured by the country’s money-metric utility, when adjusting for the value of global CO2 emission changes due to these policies. (This unit value is simply set equal to the carbon tax level, implying that Canada chooses a carbon tax in line with its perceived marginal value of global emissions).
Results

From the theoretical analysis, we find that the optimal subsidy level (OBR-rate) depends on emission leakages to the other regions, which again depends on emission intensities and trade effects. Moreover, terms-of-trade effects also matter. When another region also introduces a carbon tax, we find that the optimal subsidy level (OBR-rate) most likely falls as the emission intensity in that other region drops.
Our theoretical model grasps the main mechanisms expected to affect firms and single economies when a carbon tax or production subsidy (OBR) is increased. The normative conclusions depend on the policy objectives pursued by the domestic government. Competitiveness concerns tend to call for positive, differentiated OBR rates to compensate firms for carbon tax-induced profit losses, unless large offsetting effects occur through reduced foreign prices or increased marginal production or abatement costs. With similar reservations, domestic competitiveness tends to benefit from a carbon tax while suffer from OBR conducted by influential trading partners. If the political aim is, rather, to increase the efficiency of Canadian policies, we still find that domestic OBR rates should be positive, unless terms-of-trade losses are large. Further, we would expect the optimal OBR-rate to decrease with the carbon tax of influential neighbours, while their OBR policy will normally have negligible effect.

Our numerical CGE illustration with Canada as the Home country and the US as the Foreign country, supplements the analysis with realistic parameters for different industries and allows for impacts of input-output transmissions and general equilibrium effects that are absent in the theoretical setting. We find that the OBR-rates that are necessary to compensate for competitiveness losses due to Canadian carbon policies differ significantly among the EITE industries, as do the impacts of US policies. Input-output effects and substitutability between imported and domestically products are key factors.

Emission leakage from Canada is also affected by climate policies in both Canada and the US. When it comes to the second-best optimal OBR rates of Canada, the results from the analytical partial model are confirmed in our central case. We find a positive optimal OBR rate that decreases slightly with the US carbon tax and hardly reacts to US OBR policies.  OBR variation does, however, have very small welfare impacts. Furthermore, sensitivity analyses indicate that the optimum rate is very sensitive to uncertain parameter values, most prominently, the Armingon elastisicities asigned to the EITE products. 
Conclusions

In presence of carbon policies, output-based refunding has a potential to restore competitiveness of exposed industries, mitigate carbon leakages and improve economy-wide welfare. We have shown that the optimal OBR-rate depends on emission intensities in different countries, substitutability between domestic and foreign goods, and climate policies in other countries. 
Our main contribution to the existing literature is to examine whether the carbon policy actions of a relatively large, neighboring trading partner should influence domestic OBR policies. Our Canadian/US case indicates that the answer to this question will depend crucially on the purpose of the domestic OBR policies. If the aim is to restore the competitiveness of domestic EITE firms at the same level as before the introduction of own carbon taxation, we find that more or less the same Canadian OBR system will be required irrespective of the US carbon policy regime. If the aim is to compensate the firms also for actions taken by the US, the necessary domestic OBR rates will be lower if the US regulates its emissions, particularly if the US refrains from OBR. If the aim is not primarily competitiveness, but rather to increase the efficiency of Canadian policies in an economy-wide sense, we find that the US policies have a reducing, but minor effect, on optimal OBR rates.
The numerical example for Canada suggests that the optimal OBR-rate is much more sensitive to the substitutability of EITE goods. Furthermore, welfare is only slightly affected by changes in the OBR rate. Hence, we should be careful in drawing clear conclusions about welfare-maximizing  rates. This also implies that rebating policies can, at least within reasonable limits, be determined on other grounds than welfare. OBR may, for instance, have notable compensatory effects on some EITE industries, and may also to some degree counteract carbon leakage. 
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