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Overview
This paper conducts a bottom-up model diagnostic exercise for two parameters, 1) the elasticity of substitution between the capital/labour aggregate and the energy aggregate in the Integrated Assessment Model (IAM) MERGE’s production function and 2) the rate at which new technologies can be deployed within the energy system. We show that in a more complementary world the model’s ability to adjust the carbon intensity of its energy sector is more important whereas in a more substitutable world the ability to expand carbon free technologies is of lesser relative importance. The uncertainty in the literature surrounding the elasticity of substitution parameter, its interaction with the mechanisms of technical change, and the associated danger of grounding forward-looking analyses in historically based parameters lend support to the importance of sensitivity analysis. Building on work from inter-model comparison studies, we investigate whether a model’s choice of strategy is primarily a function of its parameterisation or its structure. A deeper understanding of what drives model behaviour is beneficial to both modellers and the policymakers who utilise their insights and output.  

The structure of the present paper is as follows. Section 2 introduces MERGE, the IAM utilised in this study, and gives specific attention to its production function and technology expansion constraints. The scenarios considered for the present analysis can also be found in Section 2. Section 3 highlights our results, digging more deeply into model behaviour under our range of considered elasticities and showcasing what light this sheds on the relationship between global carbon and energy intensities. Section 4 provides discussion and puts our study in the context of broader IAM diagnostic work and Section 5 concludes. 
Methods
We carry out a joint sensitivity analysis on an Integrated Assessment Model (IAM), MERGE. We couple this with a scenario analysis that reflects a tight carbon policy. Overall, the methods used can be considered an in-depth, bottom-up model diagnostic of a specific IAM.

Results

Whether or not the model is parameterised to consider a more complementary or substitutable world is a driving factor in the strategy it chooses to employ in its attempts to meet tight climate policy targets. Specifically, when the model faces a more complementary world it focuses more on its ability to deploy low-carbon technologies whereas in a more substitutable world its focus is on substituting capital/labour for the electricity input. 

Costs of meeting tight climate policy targets are greatly augmented in a more complementary world, though more flexible renewable technology expansion constraints can help significantly lower this cost. However, in a more substitutable world allowing for more flexible renewable technology expansion constraints has little to no effect on the model’s optimal technology mix.  

We show that Kriegler et al’s classification of the MERGE model as a ‘high-response’ model in that its behaviour favours higher emissions reductions and lower carbon intensity relative to energy intensity and a more decisive transformation of the primary energy mix is not a function of the structure of MERGE itself, but rather a function of is parameterisation, specifically the choice of parameters such as the elasticity and technology expansion constraints. Due to the behaviour of a given model in an inter-model comparison exercise being so sensitive to its parameterisation, when undertaking such analyses it is important to understand what differences are due to parameterisation and what differences are due to structural formulation.
Conclusions

The values that certain key parameters in IAM’s take, such as the elasticity of substitution of inputs to the economy, greatly influence the importance of other parameters within the model. In our case, when the elasticity of substitution between capital/labour and energy is low, the value assigned to the allowable technology expansion constraint parameter becomes much more important whereas when the elasticity of substitution has a high value, the model is almost indifferent to the technology expansion constraint parameter. 

We therefore conclude that it is important to understand not only the range of appropriate values for any given parameter within a model, but also to have a better understanding of that parameter’s interaction with other parameters in the model (and that this relationship may not be constant for all values of any given parameter). 
Beyond modelling considerations, we also emphasise that our findings have policy implications. Specifically, if we think that our economy’s ability to substitute capital and labour for energy inputs then our findings suggest that investments in research and development for clean electricity technology are effective strategies for decreasing the costs of meeting climate policy targets. However, if we believe that our economy would be able to substitute capital and labour for energy inputs with ease our efforts are better focused at decreasing electricity usage (and the affordability of renewable energy technology becomes less important). 
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