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Overview

The overall objective of the paper is to analyze convergence of CO2 emission intensity across manufacturing sectors in Sweden. Our approach differs from previous work on carbon convergence in that it employs a theoretical framework to construct a CO2 performance index, which explicitly takes into account that industrial firms produce good as well as bad outputs. This index is then used as the dependent variable in a growth-type regression equation. We employ a data set covering 14 industrial sectors over the time period 1990-2008.

The motivation for studying CO2 emissions convergence between sectors within a country is two-fold. First, it will provide knowledge of what we can expect concerning future convergence at the global level. For instance, if different industry sectors are found to converge (conditionally) towards different steady-state levels, this would imply that countries with similar industry structures are more likely to converge, while the opposite would hold for countries with different industrial composition. This may have possible repercussions for the perceived fairness of different global climate policy burden-sharing schemes (see also section 2). Moreover, since panel data usually are more detailed and reliable on the country level than aggregate data across countries, a within-country analysis may in many cases be preferable. Second, a within-country analysis could be important and interesting on its own, especially concerning the consequences for different sectors of climate and energy policies. For instance, it may provide a possibility to study distributional issues, or burden sharing, within a country as a result of a global or national policy.

The results suggest the presence of conditional β-convergence in CO2 performance among the industrial sectors in Sweden. Moreover, the speed of convergence varies significantly in the sense that the higher the capital intensity is, the lower is the convergence rate to the different steady states. This reflects the importance of – and in part the costs associated with – capital turnover to achieve a transition towards lower CO2 emission paths.

Methods

Methodologically, the empirical carbon convergence research can roughly be divided into three different concepts: beta (β), sigma (σ) and stochastic convergence. These can in turn be divided into conditional (relative) and unconditional (absolute) convergence. β-convergence follows from the neoclassical economic growth, and implies that countries with lower initial emission levels will experience higher emissions growth levels and hence “catch-up” with the higher-emission countries. Moreover, absolute β-convergence implies that all countries exhibit the same steady-state level of emissions, while the relative counterpart means that the growth paths differ and thus do not converge to the same level. β-convergence of CO2 emissions has been addressed in a few previous studies (e.g., Strazicich and List, 2003; Van Nguyen, 2005; Brock and Taylor, 2010). 

The results from the empirical research on emission convergence have so far been sensitive to the econometric approach used and the data set employed (e.g., the length of the time series, geographical coverage etc.). Overall, though, the research shows some evidence of CO2 convergence between developed (i.e., OECD) countries but divergence at the global level. One reason for this latter result could be that countries differ significantly in terms of fossil fuel reserves, fuels which historically have been relatively costly to transport over long distances (e.g., coal, natural gas etc.). The fact that different subsets of countries yield different results (e.g., convergence among OECD countries) could be due to countries mimicking each other’s climate policies (e.g., following many countries’ ratification of the Kyoto Protocol). Another possible reason may be differences in industrial and institutional structures, and since such structures are changing very slowly non-convergence is not unlikely, given the relative short time spans in the studies. Related to this is also the speed, or rate, of convergence; even if countries’ or different economic sectors’ emissions converge this may take a very long making the adjustment towards climate stabilization more difficult. For instance, the capital stock of the economy is durable and replacing industrial equipment, buildings, and infra-structure is likely to be relatively costly and a time-consuming process.

As pointed out by Pettersson et al. (2014), the CO2 convergence research has so far devoted little attention to the underlying explanations to different emission growth paths, including the role of public policy. The distribution of CO2 emissions is strongly related to the structure of a country’s economy, and this hinges on that country’s natural endowments (e.g., fossil fuel reserves), development level and its comparative advantage in the production of various goods. All these conditions, in turn, are not preset requirements, but depend on the individual decisions of households, firms and governments. 

In this paper we depart from these observations, and investigate the role of industry structure. Specifically, we employ the β-convergence approach and test whether different industry sectors in Sweden converge in terms of their CO2 performance (intensity). In contrast to previous work on CO2 convergence our approach follows directly from an axiomatic representation of the production process taking into account that good and bad outputs are produced simultaneously. This representation can also be generalized to cases with several (good and bad) outputs, although in this paper we stick to the simple case of one bad output (CO2 emissions) and one good output (industrial production in terms of value of sales). 
Our methodology can be described as a straightforward two-step approach; in the first step we calculate an environmental (CO2) performance index for each industrial sector in each year based on production theory. In the second step we employ this index as the dependent variable in a growth-type regression equation controlling for industry specific effects.
Results

Our findings can be summarized as follows. First, the environmental performance index we construct is simply the rate of change in the ratio of the inverse in emission intensity. For our purposes emission intensity is defined as the ratio of CO2 emission over production, the good output. Secondly, we show that by integrating this index we get the level of the index, or the accumulated performance. The latter is then used as the main independent variable in the regression analysis and corresponds to the (lagged) level of emissions in the more commonly used emission per-capita approach. Concerning the empirical part we tested both the unconditional and conditional β-convergence hypothesis. Here we find strong evidence in support of conditional β-convergence in CO2 performance among the industrial sectors in Sweden. Furthermore, by using interaction terms the results show that the rate of convergence varies significantly with capital intensity, in the sense that the higher the capital intensity is, the lower is the convergence rate to the steady state. In other words, sectors with different capital intensities will not only converge to different steady states, but also do this at different rates. The capital intensities of the Swedish industrial sectors have increased over time, thus resulting in slower speeds of convergence. 
Conclusions

Most analyses, so far, concerning convergence of CO2 emissions, have focused on per capita emissions. One reason for this is that much of the policy discussion have centered on emission obligations of an egalitarian-type of rule, such as equal emissions per capita. If emissions globally tend to converge to the same steady state, such an egalitarian rule could also be efficient. However, as pointed out in previous studies, the empirical support for such an egalitarian rule is weak. It is in light of this the approach taken here, looking specifically at emission intensity, may be interesting. Nevertheless, our results indicate that different industrial sectors converge to different steady states, and that capital-intensive sectors converge more slowly. In other words, similar distributional problems will appear with an allocation rule based on equal emission intensities (rather than per capita allocation). The results presented here provides a micro-level illustration of the important role of capital turnover in achieving a cost-effective transition towards lower emissions.
