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Overview

The paper explores macroeconomic impacts of sectoral approaches (SA) as a set of options to engage emerging economies such as China, Mexico and Brazil in setting policies for a lower emission path and to address potentially adverse impacts of stringent environmental policies on key energy-intensive industries in the European Union and emerging economies. Drawing on the example of the cement sector, this paper analyses alternative designs of sectoral approaches by means of a computable general equilibrium (CGE) model of the global economy. For this purpose, we apply advanced techniques to disaggregate the sectoral coverage of a standard version of a CGE framework and use bottom-up marginal abatement cost curves from relevant sectoral studies. Our results suggest that sectoral approaches can contribute to the reduction of global emissions, albeit to a small extent. This calls for the extension of sectoral approaches to further sectors and countries in order to fully exploit the efficiency gains.
Methods

The paper analyses alternative designs of sectoral approaches, drawing on the example of the cement sector in China, Brazil and Mexico, by means of a coherent economic modelling framework based on the computable general equilibrium (CGE) model PACE. The sectoral and regional focus is due to the availability of bottom-up marginal abatement cost data from sectoral studies. The contribution of this paper is threefold: Employing a large-scale computable general equilibrium model of the global economy, we (i) extend the sectoral disaggregation of the GTAP 7 database towards the inclusion of a cement production sector, (ii) introduce the bottom-up marginal abatement cost curves from the sectoral studies in China, Mexico and Brazil to (iii) numerically analyze the macroeconomic and environmental implications of alternative SA designs. The main data source underlying the PACE model is the GTAP 7 database which represents global production and trade data for 113 regions and 57 sectors for the base year 2004. The GTAP 7 database builds upon input output tables (IOT) which provide a detailed quantitative description of the interrelations between the sectors of an economy as well as its final use (private, public, and investment) and international trade values. The GTAP 7 database, however, does not provide sufficient detail at the sectoral level for the envisaged analysis of sectoral approaches in the cement sector. We therefore perform a sectoral disaggregation of the GTAP 7 database by using SplitCom (Horridge, 2005). Based on additionally collected data, we disaggregate all relevant values of the underlying database – such as production, trade, primary and intermediate inputs including energy inputs, and final use – at the sectoral level for all model regions and balance the extended GTAP 7 database with the newly added sectors. We then use the PACE model to perform simulation analyses. We define seven scenarios that combine alternative assumptions on the possible outcome of the international climate change negotiations. Five of these scenarios analyse different SA regimes for the cement sectors in China, Mexico and Brazil. These scenarios represent either unilateral situations corresponding to bottom-up country commitments or sectoral crediting as defined by Baron and Ellis (2006).
Results

The overall level of EU welfare losses from environmental regulation for the EU-27 is moderate across all scenarios. Sectoral output losses are reduced in the scenarios containing sectoral approaches. This is due to a lower CO2 price in the EU ETS as the countries subject to SA are endowed with emission certificates. In addition, due to the possibility for these countries to sell certificates in the EU ETS, emission reductions in the EU-27 decrease which results in lower output losses in the energy intensive industries. Also in China welfare losses are moderate if the local cement sector commits to specific reduction targets. The possibility to sell emission certificates for the reduction efforts in the cement sector neutralises adverse welfare effects which arise in the unilateral scenarios. This setup corresponds to a financial transfer from the EU to China that supports emission reduction efforts. Therefore, abatement can be achieved at lower efficiency costs than in the unilateral scenarios. Obviously, the output decline in the European cement sector is reduced if the Chinese cement sector meets emissions reduction targets while the output losses in the latter range between 1.2 and 2.2 percentage points in the scenarios describing SA. The redistribution of the CO2 revenues to the Chinese cement sector reduces the negative implications for the output. Turning to the impacts of SA on Mexico and Brazil, we find that the former experiences non-negligible welfare losses once the industrialised countries commit to emission reduction targets. Albeit both countries benefit from the reallocation of heavy industries from industrialised countries which is welfare increasing, the adverse impact on Mexican welfare from decreasing demand in the US is very significant. The welfare implications of emission reductions in the Mexican cement sector in the unilateral SA scenarios are much less pronounced as this industry is of relatively small size compared to the Chinese cement industry. The same logic explains the moderate welfare impacts in Brazil, when the domestic cement sector starts reducing emissions. A particular feature in the Mexican and Brazilian cement industries is that marginal abatement costs are very high compared to those in China. Cement producers in Mexico and Brazil employ more advanced technologies (see CCAP, 2009b, 2009c). Therefore, in the multilateral SA scenarios, Brazil and Mexico are exporters of emission reductions from China. The impact on welfare in these scenarios is adverse in the EU, while Mexico and Brazil benefit from the redistribution of the revenues. The impact of emission reductions in the cement sectors in China, Mexico and Brazil on the worldwide emissions level is moderate. This is mainly due to the fact that carbon now leaks to regions and sectors that are not covered by an environmental regulation.
Conclusions

Our analysis of sectoral approaches in China, Mexico and Brazil shows that sectoral approaches can contribute to the reduction of global emissions, albeit to a small extent. We find that the highest amount of emission reductions can be achieved in the Chinese cement sector since it accounts for approximately 50% of worldwide cement production and marginal abatement costs are rather low. In contrast, emission reductions in Mexico and Brazil are relatively less important (from the global perspective) and much more expensive as the technologies employed in these countries are more up-to-date than in China. If sectoral approaches go beyond the pure unilateral efforts (sectoral crediting mechanism) and are integrated in the European Union Emission Trading System, this can increase the overall efficiency in all participating countries. The latter is reflected in lower welfare losses. Given that the impact of SA in China, Mexico and Brazil on the worldwide emissions level is rather limited, this outcome calls for the extension of sectoral approaches to further sectors and countries in order to fully exploit the efficiency gains. Further research should thus examine the impact that the inclusion of other sectors and countries could have on global emission reductions and the economic efficiency.
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