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Overview

Uneven climate policies among regions may lead to two distinct but interrelated issues: carbon leakage and competitiveness losses. Indeed, the asymmetry of carbon costs between regions may induce a shift of production of carbon intensive products from carbon-constrained countries to less carbon-constrained countries. This carbon leakage would reduce the environmental eﬀectiveness of the climate policies. Moreover, these production losses in heavy industries would also damage the economy and involve job destructions. 

Carbon leakage and competitiveness issues have been one of the main arguments against the implementation of ambitious climate policies. A widely discussed policy option to reduce leakage and protect competitiveness of heavy industries is to impose border carbon adjustments (BCAs). Their consistency with the World Trade Organization (WTO) as well as their political consequences remain highly contentious among legal experts: they could constitute an incentive to join the climate coalition or trigger a trade war because of green protectionism suspicions. 

The estimation of carbon leakage as well as the assessment of diﬀerent policy options led to a substantial body of literature. Ex post econometrical studies have not revealed so far any evidence of carbon leakage predicted in ex ante modeling (Böhringer et al., 2012). Some literature reviews have been published recently on the subject (Branger and Quirion, 2013;Dröge, 2009) but to our knowledge no quantitative meta-analysis has been conducted on this topic.
Methods

We conduct a meta-analysis on 25 studies dating from 2004 to 2012, altogether providing 310  estimates of carbon leakage ratios according to diﬀerent assumptions and models.  Meta-analysis is a method developed to provide a summary of empirical results from diﬀerent studies and test hypotheses regarding the determinants of these estimates (Nelson and Kennedy, 2009).  It has been extensively used in medical research. In the ﬁeld of environmental and resource economics, the majority of meta-analyses summarizes the results of diﬀerent nonmarket valuation studies.

After giving detailed descriptive statistics, we conduct a meta-regression analysis following the recently published guidelines (Stanley et al.,2013) such as giving the general context of the research question and statement of the eﬀect studied, detailing how the eﬀect size is measured, explaining how the literature was searched and what are the criteria for study inclusion, treating publication bias, outliers, heteroskedasticity in eﬀect size variance and non-independence of observations of the same primary studies due to within study dependence.
We discard outliers performing a robust estimation procedure using iteratively Huber weights and use a Random Eﬀect Multi-Level (REML) model with study identiﬁers.

The choices of the variables in the models are driven by the scenarios and the available data in the studies, as well as the debates in the literature. The ﬁrst variables are GE (a dummy variable if the model is a CGE), Coasize (the size of the abating coalition in percentage of worldwide emissions and Abatement (the abatement target). Then we have two dummies related to scenarios Link (if permit trading is authorized between the diﬀerent regions of the coalition) and GHG (if all carbon sources, and not only CO2 are considered). Another parameter is linked to Armington elasticities. BCAs is a dummy which takes the value of 1 if BCAs are implemented. It is the central parameter of our study since we primarily investigate to what extent BCAs are eﬃcient to reduce leakage. Four dummies detail the policy features of the BCAs: Exp (if export rebates are part of the scheme), Foreign (if the adjustment is based on foreign speciﬁc emissions, instead of home speciﬁc emissions or best available technology), AllSect (if the adjustment concerns all sectors and not only EITE sectors), and Indirect (if indirect emissions are taken into account in the adjustment).
Results

Across our studies, the leakage ratio ranges from 5% to 25% (mean 14%) without BCAs and from -5% to 15% (mean 6%) with BCAs. BCAs reduce the leakage ratio with robust statistical signiﬁcance: all parameters being constant in the meta-regression analysis, the ratio drops by 6 percentage points with the implementation of BCAs. In most CGE models, some leakage remains after BCAs implementation, which is not the case with partial equilibrium (PE) models. The most likely explanation is that in CGE models, a part of leakage is due to the international fossil fuel price channel which is unaﬀected by BCAs, while most PE models do not feature this leakage channel.
Further, the importance of the coalition size is statistically conﬁrmed and quantiﬁed, as well as the impact of extending pricing to all greenhouse gases. The latter reduces the leakage ratio, and the smaller the abating coalition, the bigger the leakage ratio. This meta-analysis also conﬁrms the importance of Armington elasticities in the leakage ratio estimation, a result crucial in terms of uncertainty analysis, which calls for more transparency and sensitivity analyses regarding these parameters in future studies.
Conclusions

A global climate policy is unlikely to be implemented in the years to come and the adoption of ambitious national or regional climate policies is hindered by claims of industry competitiveness losses and carbon leakage. Border Carbon Adjustment (BCAs) has been proposed to overcome these hurdles but its potential eﬃcacy has been controversial. 
The meta-analysis concludes that in ex ante modelling, BCAs are effective to reduce leakage (they reduce the leakage ratio by 6 percentage points all other parameters being constant) but they do not cancel it. 
The features of BCAs (coverage, level of adjustment, etc.) are of the highest importance for the WTO compatibility, feasibility, and political acceptability. In the meta-regression, the inclusion of all sectors and the presence of export rebates appear to be the two most eﬃcient features to reduce leakage, followed by the adjustment level based on foreign carbon content. Yet one can guess, in the case of hypothetical BCAs implementation, that political and juridical aspects will be the more determinant and that only a “light” version (adjustment based on best available technologies, probably without the inclusion of indirect emissions) is likely to see the light of day.
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