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Overview

This article sheds light on the potential link between decarbonisation potentials and the macroeconomic and social costs of a carbon tax. Using a static general equilibrium model calibrated on national accounting and IEA data of France 2004, we compare the technical costs of abatement of a carbon tax and its overall, socio-economic costs. Our results show that the relationship between decarbonisation and the so called double dividend is not as obvious as one may think. Use of tax proceeds and “views of the world”, especially about wage determination and exposure to global competition are at least as important as technical hypotheses for the estimated social cost. 

Related Research
A very large body of literature is related to the existence of a double dividend of an environmental tax reform. Among others, Terkla (1984) was the first to underline that recycling the revenue of an environmental tax could reduce or even eliminate the gross cost of its implementation. After some theoretical refutations of the double dividend hypothesis (Bovenberg and de Mooij (1994) and their followers), Goulder (1995) and Ligthart (1998) show that the existence of the double dividend essentially depends on the possibility of transferring the global tax burden from labor to some fixed production factors (capital for instance) or to other consumers (with a possible negative impact on equity in the latter case). More recently, Chiroleu-Assouline (2001) study the double dividend hypothesis when the labor market is non-competitive and when unemployment benefits are fixed in real terms, indexed to wages or indexed to producer prices. 
A paper which is the most related to ours is Kemfert et al. (2000). They estimate for a number of sectors the substitution elasticity between capital, labor and energy and obtain quite large numbers. They then study the consequences of this greater flexibility on employment, GDP and the ratio of tax revenue to GDP when an environmental tax reform is implemented. Their most important result is that with higher elasticities, the tax rate to be set up to meet the emission targets is lower and the revenue to GDP ratio more stable. The differences in terms of decarbonisation potential (defined here as the substitution elasticities) have a strong impact on tax revenues (an indicator of the primary abatement costs), but low on GDP (a final cost indicator).
Methods

We use a computable general equilibrium model (CGEM) designed to assess the medium- to long-term macroeconomic impacts of aggregate price- or quantity-based carbon policies, in an accounting framework where economic flows and physical flows (with a special focus on energy balances) are equilibrated. It departs from the standard neoclassical model in the main feature that its description of the consumers’ and producers’ trade-offs, and the underlying technical systems, are specifically designed to facilitate calibration on bottom-up expertise in the energy field, with a view to guaranteeing technical realism to the simulations of even large departures from the reference equilibrium. In other words, this model is particularly well-fitted to capture the intrinsic inertias in decarbonisation potentials and behavioural responses. 

Other significant features include (i) an aggregate treatment of the general technical change induced by the shifts in energy systems; IMACLIM-S thus operates in an endogenous technical change framework; and (ii) a sub-optimal equilibrium on the labour market, particularly fit for describing the relatively high levels of unemployment that characterise continental Europe.
Consumptions of factors by firms and of energy services by households are described as the sum of a floor value and consumption above this value. The former corresponds to a fixed percent of unitary intermediate consumptions in the reference scenario, according to Ghersi and al. (2006). The latter corresponds to the familiar expression of conditional factor/good demands of a CES production/utility function with a given elasticity. 
Floor values correspond for households to their basic needs, i.e. the consumption level of an energy service that is considered to be essential whatever its price may be. Examples are the critical need in automobile mobility defined as the amount of fuel required to travel an average annual home-work distance, or energy consumption that is necessary to obtain a minimal use of household equipment, lighting or heating.  A similar interpretation holds for firms, whose intermediate consumptions are subject to technical constraints. 
Results
We simulate the implementation of a 400€/tCO2 carbon tax and compare the main economic aggregates with the reference equilibrium (France 2004). Greater optimism about decarbonisation of production induces a significant improvement of the impact on the effective consumption of households, despite higher production costs. This somewhat counterintuitive result is explained by the positive feedback of increased employment on negotiated wage. This implies a slight loss of international competitiveness that does not translate however into slower growth because it is more than offset by growth in domestic demand resulting from the increase in wage bill.
With pessimistic assumptions about the decarbonisation of production systems, these mechanisms play in reverse, however, they lead to an increase in GDP just below the central case. This is because the tax base is eroding much less rapidly, resulting in higher levies on non-wage income that allows a significant drop in the producer price. This reduction allows a significant improvement in external trade, but not enough to offset the negative effect of higher energy prices for households whose effective consumption grows less than in the central case with reference elasticities.
Sensitivity tests on households’ decarbonisation potential confirm some intricate linkages between macroeconomic costs and technological optimism: they lead to paradoxical results, since a doubled flexibility leads to increases in GDP, employment and effective household consumption, lower than the central case. The basic mechanism is that any additional flexibility indeed preserves households’ purchasing power, but at the same time leads to increased erosion of the tax base, thus limiting the transfer of the tax burden which is at the core of the double dividend.
Impacts on income distribution are also examined: adverse impacts of a carbon tax on poorer households and income inequalities become large when households’ decarbonisation potentials are low. If one cares for the social costs of a carbon tax, one should therefore design a tax reform that combine relative economic efficiency and reduction of income inequalities (for instance in the form of greater compensations for households basic needs)
Conclusions

The theoretical literature about the double dividend produced results that are not necessarily valid for a given region at a given date. The contribution of this paper is to study precisely for France 2004 the impact of a non-marginal carbon tax on activity and income distribution, dealing explicitly with uncertainty surrounding decarbonisation potentials. Most work studying marginal changes of a carbon tax applied to carbon contents of energy consumption by households and firms implies constant elasticities of substitution on the production and demand sides. As discussed in this paper, the model used here does not assume constant elasticity and introduces different sensitivity hypotheses to changes in relative prices induced by a carbon tax reform. Instead of making some dubious hypotheses about decarbonisation potentials, we define a plausible range of uncertainty for technical flexibilities and see the impact on economic activity and income distribution. 
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