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Overview

In his seminal contribution, PEARCE (1991) discussed conveniences of a carbon tax as an efficient policy instrument to reduce carbon dioxide emissions. He solely considered the demand side, implicitly assuming a fixed, exogenous energy supply function.

Today a large fraction of climate economics research still exhibits the same limitation, reducing the supply side of the energy market to a static process. However, at least since the contribution of SINN (2008), there exists growing awareness that supply side effects can be crucial for the assessment of carbon emission reduction strategies. Along the claim which Sinn entitled «Green Paradox», a realistic carbon tax introduced at a low initial level but rapidly in-creasing over time might be counterproductive for the climate, by primarily accelerating exploitation of the limited resources rather than delaying or reducing their combustion. This is the conclusion he derives from a model in which owners of limited stocks of fossil fuels optimise their sales over time. They anticipate in early periods that the tax will in future be larger, inducing them to sell more of their fuels today rather than on the highly taxed future markets. While controversial, SINN's analysis has impressively demonstrated the importance of supply side effects for the assessment of greenhouse gas policies.

A growing literature tries to assess the possibility for the mentioned counterproductive effects of climate protection policies to occur in specific situations. Focusing on alternative technologies rather than on a carbon tax, GERLAGH (2010) examines the impact of suppliers' anticipation on the climate benefits from cheaper future backstop technologies. A similar direction is taken by VAN DER PLOEG and WITHAGEN (2010). While the latter also show that in some cases a specific, not rapidly increasing tax could be beneficial for the climate, they do not discus effects of other, non-optimal taxes.
The analyzes by Sinn and subsequent contributors assumed a world in which the debated policy would be the only potential relevant climate measure, valid from today on throughout the entire future. But abstaining from a carbon tax today will not imply that neither a carbon tax, nor any alternative climate relevant development may materialize in the future. Rather, without substantial measures today, the unlimited growth of the climate threat may increase the necessity of future measures to be taken, implying even more stringent future measures than if the carbon tax would have been introduced today. This point is likely to be relevant for the desirability of a current carbon tax as the resource owners may not only anticipate a rapidly increasing tax but also other potential future measures.

In a recent contribution, HOEL (2010) has taken some account for this. He has been the first to explicitly model the fact that to purposely avoid the introduction of a current tax influences only the probability to have a certain tax in the medium or long-term future, rather than implying that the current abstention could necessarily prevent any potential future tax. He considered a stylized two-period model with the carbon tax in the second period being endogenous, and found that the impossibility of long-term commitments of current politics increases the desirability of the introduction of a carbon tax today.

In our paper, we model the impact of an – eventually rapidly increasing – carbon tax on global medium and long-term emissions, taking future climate measures into account: we assess the impact of current carbon taxes given the fact that even if a tax is currently avoided, other climate measures, such as backstop technologies, global fuel demand cartels à la Kyoto, carbon capture and storage systems, or, last but not least, alternative carbon taxes, may be introduced at some future point of time. In order to keep the model tractable, we assume these future measures to occur independently of the current tax, although in many cases taking into account the endogeneity of the introduction of such measures could even strengthen our findings.
Methods

The analysis is based on a dynamic multi-period model of the behaviour of forward looking resource owners. They seek to maximize their present discounted revenues by optimally rationing the sales of their resources inter-temporally. In order to derive rather general results, we leave the exact nature of the modelled market as open as possible. We do neither assume a specific functional form for the extraction cost curve nor use detailed assumptions about the tax path or the time-varying demand function. Finally, we consider both cases, where the suppliers act monopolistically or competitively. In addition to global taxes we investigate the effect of regional variants.
We first examine the effect of a carbon tax when the introduction of the alternative future measure occurs at an anticipated, fixed point of time. In a second step we relax this assumption and consider the case where the development of the backstop is stochastic, with a focus on the case of a fixed conditional probability of occurrence each period.
Results

In presence of an anticipated future regime change such as the introduction of a backstop technology, any presently implemented positive tax path bridging the time until the future measure unambiguously reduces cumulative emissions not only in the long, but already in the medium-term, i.e. the strong version of the Green Paradox does not hold. This generally holds for a backstop technology becoming effective at a specific time in the future and a tax which is applied worldwide. At least for limited tax levels, the results remain valid in the case of regional taxes. The exact type of the future scheme does not affect our findings.

Giving up the assumption that an alternative measure is implemented at a fixed point of time, we further consider a case where the time of the introduction of the backstop is stochastic. Then, even the weak version of the Green Paradoxes' claim, i.e. that taxes increasing at a rate faster than the real interest rate lead to increased current emissions, does not necessarily hold; taxes increasing at rates higher than the real interest rate can not only reduce cumulative emissions for some future period, but reduce current and near term emissions as well.
Conclusions

Future alternative climate measures that may occur independently of a current carbon tax policy imply that the Green Paradox does not hold as generally as it has been stated in previous literature: even rapidly increasing carbon taxes with a low initial level can reduce emissions not only in the long-term but also in the medium- or short-term.
The results of our study can be seen from a broader perspective as well. There exist numerous assessments of different climate policy measures. These studies typically compare scenarios with the measure in question to a business as usual scenario containing no alternative climate policy measures. The decision about a particular climate policy will, however, not be decisive for every other potential climate measure as well. Taking the possibility of alternative climate measures into account might often be necessary to prevent strongly biased results.
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