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Overview

The aim of reaching a 75% reduction in greenhouse gas emissions in 2050 in France requires structural changes to the way cities develop and have sprawled in the recent past in order to abate the emissions caused by transport. Using urban planning as a tool for climate change mitigation is made extremely difficult by the high inertia of city built structure. Anticipated action is required if one wants cities to be adapted to the climate that will prevail by the end of the century. Today, however, there is no clear view on what should be done, and even less on how to do it. This article aims at informing public-policy decision-making on this issue, and studies to what extent a carbon-tax can be used to impact transport demand in cities. It uses the Paris agglomeration as a case study, but its results are more general and can be useful for other cities. 

In our study, the NEDUM-2D model is used to simulate the evolution of the Paris agglomeration between 2010 and 2100. The model reproduces fairly faithfully the available data and captures the main determinants of city shape evolution, suggesting that this tool can be used to inform policy decisions. Our approach is, a priori, applicable to most urban areas.

Several technico-economic and demographic scenarios are used as inputs to explore various possible future evolutions. We test the impact of a 100 € /tC carbon tax on the urban area, and especially on its population densiﬁcation and transport demand. Main drivers of urban sprawl and transport demand appear to be demographic growth and local policies. Energy and transport prices, even when accounting for a possible carbon tax, play only a marginal role. 
Methods

Integrated models can provide an interesting solution to carry out prospective analysis. Although models are highly simpliﬁed descriptions of reality, with hypotheses restricting the possibilities they can explore, they can serve pragmatically as a ﬁrst basis for discussion. By enabling decision makers and stakeholders to understand the main mechanisms and interactions between variables which are at stake, they can create a solid basis for policy discussion. Such decision helping toolboxes are a never ending work: they can be continuously completed according to peoples’ beliefs and adapted to local situation. 

In our study, the NEDUM-2D model is used to simulate the evolution of the Paris agglomeration between 2010 and 2100. NEDUM’s functioning is based on the classical urban economic theory (Alonso 1964; Mills 1967; Muth 1969), which intends to explain the spatial distribution of land and real estate values, dwelling surfaces, population density and buildings heights and density. It aims, therefore, at a realistic application of the concepts described in (Gusdorf et Hallegatte 2007; Gusdorf, Hallegatte, et Lahellec 2008).  A validation over the 1900-2010 period shows that the model reproduces fairly faithfully the available data and captures the main determinants of city shape evolution, suggesting that this tool can be used to inform policy decisions. Our approach is, a priori, applicable to most urban areas.

As inputs for income, transport prices and technologies over the 2010-2100 period, we used the Imaclim-R model to compute several contrasted techno-economic scenarios. The latter model is a hybrid model simulating energy prices, industrial technologies’ market penetration, energy production and transport. Main determinants of these variables include future fossil fuel availability and future climate policies. Different scenarios were computed by varying future tensions on fossil energies’ market (leading to different peak-oil intensity), and the ambitions of world climate policies. As inputs for population evolution and households size, we used several demographic scenarios for the Paris urban area based on scenarios produced by the French national statistical institute (INSEE).

Results

We use the calibrated model to assess the impact of a 100 € /tC car- bon tax on the urban area, and especially on its population densiﬁcation and transport dermand. This tax level has been picked because it corresponds to the level recommended for 2030 by the French Government’s Strategic Analysis Center (Quinet 2009). Several conclusions can be drawn from the simulations of the different scenarios. The main conclusion is that urban sprawl seems to be only moderately affected by technico-economic considerations: main drivers appear to be demographic growth, and local policies (urban planning, local taxes, and investment in transport infrastructures). Energy and transport prices, even when accounting for a possible carbon tax, play only a marginal role. Moreover, in the simulations, the carbon tax entails signiﬁcant redistributive impacts on households and landowners. These effects have to be taken into account when designing policy.
Conclusions

In conclusion, NEDUM-2D model reproduces fairly faithfully the available data and captures the main determinants of paris urban area evolution, suggesting that this tool can be used to inform policy decisions. Using our model to study the impact of a 100€ /tC carbon tax on Paris urban area structure, we have seen that the associated decrease in household average distance to Paris center is relatively low, and would take place over a very long time. 
As our calculation assumes several hypotheses that tend to magnify the sensitivity of urban area radius change to the application of the tax, we conclude that in practice such a carbon tax would only have a limited eﬀect on the densiﬁcation of Paris metropolitan area, especially over the medium term. To get a denser urban area, we therefore believe that this tax should be seconded with other measures, e.g. speciﬁc land-use policy, or direct investment in transport or services supply (schools, health, leisure...). 
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