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Overview
The UNFCCC COP21 in December 2015 produced a number of climate pledges from participating countries to help contribute towards setting a course towards a low carbon future. Based on an agreement to achieve a 2oC or less temperature increase, and under the theme of “common but differentiated responsibility and respective capabilities, in the light of different national circumstances”, almost all parties to the UNFCCC have now submitted their own Intended National Defined Contributions towards which covers 99% of global emissions. These goals vary in strength and scope and. Recent studies suggest these commitments will most likely lead to an increase in temperature in the range of 2.7 to 3.5oC (EC-JRC, 2015; PBL, 2015). However, such results depend wholly on whether the targets are and the stringency of post-INDC commitments.

In the paper we determine what the regional costs will be of achieving these national targets compared to a baseline of a business-as-usual degree world with unconstrained emissions and go beyond this by considering what the climate damages would be in each scenario. We then ask what reductions in technology costs would be necessary to offset such GDP losses in the short-run from achieving the INDCs until 2030. We are also interested in what the extra GDP losses would be incurred to achieve the long-run 2 oC and 1.5oC targets.

Methods
Global energy systems models are utilised to consider the implications of policies and scenarios to energy system as a whole. Here we use the TIAM-UCL energy systems model developed at University College London which is a global bottom-up technology rich cost optimisation model. The model is based upon the ETSAP-TIAM model (Loulou and Labriet, 2007), however, with several significant additions in terms of a climate module, a separate UK region and significant regional resource data improvements - the latter of which was recently been applied to look at distributional effects of unburnable fossil fuels of meeting a 2oC target (McGlade and Ekins, 2015). Here, we expand upon the model by considering the general equilibrium effects and potential regional GDP loss of meeting the INDCs as well as then achieving both 2 and 1.5oC worlds’ post-INDCs. One limitation is that there is no damage function in the model and therefore the baseline neglects to include any losses due to climate change. We therefore separately run the PAGE09 model to provide estimates for climate damages for each region.
We have added a simplified general equilibrium macroeconomic growth component developed by Kypreos and Lehtila (2013). Macro Stand-Alone (MSA) is a single agent; single sector, multi-regional, general equilibrium optimal growth model which maximises discounted utility of a single consumer-producer agent. GDP is comprised of consumption, investment and energy system costs. Total economic production is determined by a combination of energy, capital and labour where energy substitutes with a capital-labour composite via an elasticity of substitution parameter. Quadratic cost functions and demand decoupling factors are estimated from the calibration routine are fed from TIAM-UCL to MSA. MSA is then solved and the new energy demands are given back into TIAM-UCL which is then solved again. The iteration continues until the model converges, defined by the change in energy service demand variation between interactions slowing to within a specified tolerance. We have calibrated a number of the input parameters to regional estimates as appropriate.
A number of model scenarios will be undertaken for various emissions budgets related to specific temperature targets and for different assumptions regarding technology diffusion and reductions of low-carbon energy technology costs in important sectors. Results will be provided across the 16 regions of the model showing the cost for each region to meet its INDC and these will be compared to the extent to which these regions will be impacted. It is also necessary to make certain assumptions about the INDC targets for countries that have an emissions reduction set against a BAU baseline where the BAU emissions are not stipulated. Also, several developing countries have separate conditional and unconditional targets and these are reflected in the results although they are of minimal overall significance.

Results  
[bookmark: _GoBack]Initial results suggest that the economic costs of achieving the INDCs can vary widely from region to region depending on the stringency of the intended targets, the initial energy system and available natural resources. The costs to achieve the INDCs are significant at about 2-3% of global average GDP. These vary by region with the largest losses found in Eastern Europe and China while some other regions see a positive impact on GDP between 2015 and 2030 – these are mainly the regions with the laxest emissions targets. However, the GDP impacts of the INDCs are minimal in comparison to those required to meet the 2 or 1.5oC targets, which are around 5%, and over 10%, respectively. In particular, regions which have the largest negative GDP effects tend to be those most dependent upon fossil fuels in their economy. Other regions with substantial renewable resources are able to adapt their own energy system and occasionally benefit from the emissions reductions in other countries e.g. through trade in biofuels. The extent of reductions in the costs of low-carbon technologies and the timing are therefore key in making the commitments cost effective. Estimations to the extent of potential large scale deployment of new vintages of low carbon technologies may well play an important part in how costly the INDCs are overall.

Conclusions
While there is significant scientific and political agreement on a necessary global target, it is now clear this target will be achieved through a bottom-up process. Regional emissions reductions through decarbonisation of the energy system and associated GDP losses will differ depending on fossil fuel dependence, low-carbon resource endowments, local climate etc. In particular, under each state-of-the-world scenario it is necessary to look at both the costs of decarbonising the energy system simultaneously with the climate damage costs to comprehend the overall picture for each region. Therefore the role of transfers between regions, and also investment in low-carbon technologies, are essential to the ongoing process of global emissions reductions and will reduce the burden of those regions which are most adversely affected by both reductions and by climate change.
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