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Introduction

Air quality modeling is an approach to simulate atmospheric concentrations of pollutants that relies essentially on the chemistry and physics of the atmosphere. Concentration fields are obtained by solving the mass conservation equation for each pollutant, which implies taking into account the anthropogenic and biogenic emission rates, the vertical and horizontal mixing of air masses, the physical and chemical reactivity of pollutants and finally, potential loss by deposition on continental surfaces. In usual air quality modeling approaches, emissions fluxes are derived from local inventories -most often developed for regulatory use -which rely on declarative data, reworked under the form of exhaustive hourly fields at the resolution of the simulation domain. In such context, the prospective simulations that aim to assess the impact of emissions control on air quality are commonly based on the application of abatement coefficients simulating the technological improvements.

Recently, this type of approach has become insufficient as current urban air quality issues are largely related to the densification of pollutant-emitting activities, with combustion processes related to fossil fuel mobility and building heating practices being at the forefront. It is therefore a political and societal problem that goes far beyond the question of possible technological developments on pollutant-emitting processes. From now on, the reduction of pollutant emissions in large cities will necessarily involve a more rational use of energy and the optimization of urban mobility. To meet air quality management expectations, the calculation of emissions should be based on the use of comprehensive tools capable of simulating all the activities resulting from the individual use of energy that may affect ambient air. These tools must therefore be able to apprehend the urban fabric, the shape of the city, its organization, its economy and its service offer in order to produce mobility fluxes for all city dwellers, as well as the spatio-temporal location of polluting activities, according to different public policy scenarios. Moreover, research on the urban environment is still based on very monothematic approaches. There is therefore a strong need for an innovating multidisciplinary research, which would take into account the societal and social drivers of pollutant emissions, and provide a cross-cutting view of urban issues. The approach we have developed aims to remove the technical barriers to interdisciplinarity, by developing of a modeling chain linking urban parameters simulated by a set of disciplinary models. It is structured around the OLYMPUS tool, which was built to integrate energy transition scenarios combining public policies, technological developments and individual practices, in order to produce data on household activity and calculate emissions related to combustion activities, for different urban forms. It provides input data for chemistry-transport models, for the simulation of air quality at the scale of an agglomeration. This article proposes to explore the functionalities of the new OLYMPUS tool and to discuss the linking of individual energy consumption practices with the structure of pollutant emissions within a metropolis, with the aim of showing how the model can broaden the scope of possibilities in the implementation of air quality emission scenarios. This paper refers to the very detailed technical description of OLYMPUS presented in [START_REF] Elessa Etuman | OLYMPUS v1.0: Development of an integrated air pollutant and GHG urban emissions modelmethodology and calibration over greater Paris[END_REF] and focuses more specifically on how the model uses and highlights the key parameters of pollutant emissions, providing us with a more systemic understanding of the determinants of the urban environment. More specifically, the sensitivity of the model to these determinants and the way OLYMPUS can help explore the main levers of air quality will be discussed, putting into perspective the potential of the model with regard to the needs of decision support.

The next paragraph is devoted to presenting the general approach underlying the development of the model. The structure of the code and the methodological and numerical choices are also presented and commented on, in view of the ambitions of the model. Then, in the last part, the data generated during the implementation of OLYMPUS in two French regions are presented as a basis for reflection on the key parameters of pollutant emissions in the model.

Addressing emissions, air quality and exposure issues with OLYMPUS

Model overview and aims

The OLYMPUS model main objective is to achieve a better understanding of the impact on the environment of individuals' decisions about energy use and mobility. To this end, the approach that has been implemented is a bottom-up and activity-based process, in which the description of the urban operation derives from the sum of the behaviors of all the individuals in the modelled population (Fig. 1). Here, "activity" is defined as a set of city dwellers' occupations that potentially induce energy consumption. In this set, we consider daily mobility, building heating (commercial or residential) as well as household energy consumption for domestic needs. These activities necessarily lead to diverse forms of use of urban tools or services, called practices. Practices include the use of technologies and tools as well as behaviors that are the adaptive responses of individuals to their environment, considering the ability to represent their environment, to learn and to anticipate. Thus, in our approach, the behavior of individuals is an element that must be taken into account when modelling practices, in the sense that it guides their choices and ways of carrying out their activities. In their review, De Witte et al., 2013 presented a wide range of socio-demographic characteristics that may play a role in the decision-making behavior of individuals, and notably in their choice of transport modes. In particular, they highlighted the interdependence of (1) socio-demographic indicators 3) indicators of daily mobility such as reasons for travel, average travel distances by purpose, travel cost, average travel time and departure time. In order to best characterize the impact of the individuals on greenhouse gas and air pollutant emissions at the metropolis scale, we have considered many of the above-mentioned indicators in our modeling approach. Fig. 1 shows a schematic representation of the 3 main modelling poles present in OLYMPUS: the populationshown as households and individuals in a given urban environment, the mobility -characterized by trips organized in space and time according to the activities and locations of individuals, and finally the emissions -resulting from residential and mobility practices, as inferred from the modelling of the behavior of individuals (choice of energy, modal choice, perception of the utility of urban services etc.). The main parameters that respectively characterize these 3 poles are (i) land use, and in particular the urban density, which defines the attractiveness of activity zones and the need for heating, (ii) urban trips, which length, origin and destination lead to modal choice and to the occupation of transport networks, and finally (iii) technologies for mobility and combustion, which determine the nature and amplitude of pollutant emissions.

In this approach, the structure of OLYMPUS makes it possible to integrate the population characteristics as drivers of their individual behavior, and further investigate the link between practices and energy consumption. In the current version of OLYMPUS, only demographic and residence-related parameters are taken into account in behavior modelling, but developments are underway to include socio-professional differentiation in the practices in order to investigate the issue of socio-differentiated energy consumption, and exposure to urban air pollution [START_REF] Coll | Analyse socio-spatiale de l'exposition des populations à la pollution atmosphérique en zone urbaine[END_REF]. In the end, as mentioned above, the OLYMPUS model has been developed to provide emissions to Chemistry-Transport Models (CTMs), both in hypothetical or prospective situations, along next-generation scenarios of economy, changes in practices and urban planning. Such ambitions have so far been inaccessible to CTMs due to the difficulty of designing and producing these scenarios. This is why the development of the OLYMPUS tool was based on its ability to integrate population scenarios from LUTI (Land Use Transport Interaction) models such as NEDUM-MODUS [START_REF] Yin | Appraising the environmental benefits of ride-sharing : The Paris region case study[END_REF]. This tool indeed considers the effect of public policies and regional master plans on household residential mobility, and can provide OLYMPUS with an initial scenario of housing and population distribution. In our specific modeling chain, OLYMPUS outputs are designed to be implemented in the CHIMERE chemistry-transport model [START_REF] Mailler | CHIMERE-2016: From urban to hemispheric chemistry-transport modeling[END_REF][START_REF] Menut | CHIMERE 2013: a model for regional atmospheric composition modelling[END_REF]. They include emissions of fine and coarse particles (PM), nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide (CO) and a wide variety of volatile organic compounds (VOCs). The calculation of GHG emissions is also an important purpose of the model. Thus, we have included in our calculations emission factors that allow us to calculate the carbon dioxide emissions related to the simulated activities, and to inter-compare different urban scenarios on this basis. However, estimates of CO2 emissions at the scale of a city contain many uncertainty factors. To be validated, they require the joint implementation of several approaches (atmospheric flow measurements versus emission dispersion modelling for instance). This work remains to be done, and CO2 emissions are not described here. But pollutant emissions are only one facet of the data produced by OLYMPUS. Indeed, the model also produces a large number of intermediate diagnoses that help to understand the levers for emission control, but also data of specific interest such as daily mobility of individuals, which is critical for calculating a more realistic exposure to urban pollution [START_REF] Elessa Etuman | Addressing the issue of exposure to primary pollution in urban areas: Application to Greater Paris[END_REF].

In the literature, modeling pollutant emissions in urban areas can take a wide variety of forms, features and content. In addition to daily mobility simulation, the multi-agent model MOBISIM [START_REF] Antoni | Appropriation et développement par ThéMA Vers une modélisation multiscalaire (fractale) du développement urbain par système multi-agents 63[END_REF] has been configured to integrate Land Use Transport Interaction (LUTI) facilities that make it possible to simulate the residential mobility of households and thus to monitor the evolution of a city in the long term. Similarly, [START_REF] Chingcuanco | A microsimulation model of urban energy use: Modelling residential space heating demand in ILUTE[END_REF] implemented the calculation of residential heating demand in an urban energy model (ILUTE) capable of simulating the evolution of demography, land use and urban mobility over time. The coupling of economic, transport and air quality models is thus carried out in variable forms, giving more or less weight to the final air quality simulation, and allowing the production of environmental scenarios with very different degrees of refinement. OLYMPUS is part of this Fig. 2. OLYMPUS chart process and key concepts will to open up urban modelling towards more transdisciplinarity, by integrating the notion of energy consumption and mobility practices into a calculation chain that aims to explore individual exposure to air pollution. This is a highly innovative approach which makes it possible to propose new thinking on the levers of air quality and to accompany political reflection on changes in behaviors and the reduction of exposure to pollutants in metropolises.

Model structure and operation

OLYMPUS is a numerical modeling platform whose code is entirely written in Python. OLYMPUS is a numerical modeling platform whose code is entirely written in Python and based on the simulation of the practices of a population of agents. To do this, it integrates meta-models -and notably activity-based models, gravity models and utility models that restitute the agents' decisions linked with mobility and energy consumption. In accordance with the aims and goals described above, OLYMPUS is structured around three main calculation blocks, as shown in Fig. 2 This figure presents the central concepts of the current implementation of the model (blue lozenges), the sequential organization of the calculations performed by mathematical models (green squares) and the main components (indicators and meta-parameters) produced during the simulation (pink squares). To illustrate how the OLYMPUS model works, the main results of the first two blocks relating to the same agent in the population have been grouped together in Fig. 3, which provides an illustration of the parameters produced and their properties. The results of the last block (pollutant emissions), following the implementation of OLYMPUS on 2 French regions, will be shown and commented in paragraph 3. All the elements described below are presented in advanced technical details in the reference technical paper for OLYMPUS [START_REF] Elessa Etuman | OLYMPUS v1.0: Development of an integrated air pollutant and GHG urban emissions modelmethodology and calibration over greater Paris[END_REF].

Simulation of population and incidence of land occupancy

The first of the 3 structural blocks allows the generation of a synthetic population based on an initial population distribution scenario derived either from local surveys or LUTI models. The synthetic population can be defined as a fictitious population of individuals defined by social characteristics constructed at the individual level from more aggregated data on the region to be simulated. OLYMPUS uses Bayesian statistics (conditional probabilities) to generate this synthetic population from subgroups of representative individuals, whose characteristics are derived from local census data (age, gender, main activity, income or level of education). According to these specificities, the agents are associated with a list of priority activities, including their own constraints such as commute trips, but also family constraints, and assigned a timetable (see graphs a and d of Fig. 3), again using Bayesian statistics. The objective of this whole step is to define population agents with a distribution of socio-demographic characteristics similar to that of the real population, in order to integrate these parameters in the further modelling of energy consumption and pollutant emissions in the territory. In parallel, the surveys also provide guides for the spatialization of individuals and households in the territory. It is a key input of the model that conditions the modelling of the urban form. In OLYMPUS, it imposes the values of urban density index (UDI), a scale of population density adapted to the region and which distinguishes between city centers, peri-urban and rural areas. UDI is used to assess the attractiveness of activity areas when creating travel matrices. This way, it will have repercussions on the determination of the preferred zones for shopping, leisure and employment. But UDI also affects the distribution of the type and size of housing (individual or collective) and the energy mix used in the buildings. It is therefore a key factor in the calculation of combustion emissions in the traffic and residential / commercial sectors targeted by OLYMPUS. Fig. 3 b) and c) show the housing density values and the share of individual and collective housing in an OLYMPUS simulation for the main areas of the Paris region, in 2009. It can be seen that the household properties are highly dependent on the local urban density.

Simulation of mobility practices

In the second block of Fig. 2, OLYMPUS i) builds for each agent of the population a loop of daily activities, ii) positions the activities on a map, and iii) proposes a modal choice calculation for carrying out these trips.

The generation of daily activities loops is based on the prioritization of activities via a probability function linking the characteristics of the individual, his constraints (family, employment) and the average number of trips per day. This function is scaled on aggregated household travel survey data. An example of a daily activity loop, associated with a probability of achievement, is schematized in Fig. 3(e) for an agent of the active population having children. This figure illustrates the priority of motives such as work or drop off/ pick up children's at /from school over leisure activities. The duration of the activities of population agents and the definition of their time use is carried out on the basis of the average duration of activities derived from census data. The priorities of population agents determine their timetable and the duration of their activities. As shown in Fig. 3(e), the modelled agent has to drop off his child at school at 9 a.m. and pick him up at 5 p.m., the duration of the other activities being conditioned by the first one. The location of agents' activities is constrained mainly by the density of activities of the urban area, which is qualified by the UDI. It is also constrained by the average distances observed by type of trip, which are indeed a territory-dependent parameter. Fig. 3(f) illustrates the average travel distances by motive (WORK, SCHOOL, OTHER) selected for the Île-de-France region. We can see that there are 4 subdimensions for education, as the main daily trip of a baby/child/teen/student population is quite different in term of distance and commuting modes. For example, the mobility of children is connected with the mobility of their parent if they are under 12yo, while the drop-off / pick-up also counts for young adults. Taking into account these constraints, the location of agents' activities is determined by a gravity model [START_REF] Huff | Defining and estimation a trading area[END_REF]. It is illustrated in Fig. 3(g) where the probability of working in a certain area depends on the density of activities (employment/population) and on a weighting by the average distances of attractiveness as illustrated in Fig. 3(h) for the Paris urban area. This allows the gravity model to assign a center of activity to each individual, taking into account a degree of variability in trips lengths. In IDF, mobility surveys show that despite the strong spatial hold of employment centers, their attractiveness is exerted at much greater distances than those of other travel motives. The IDU and the gravity approach make it possible to recreate these patterns in OLYMPUS.

The modal choice process is a decisive calculation step for pollutant emissions, as it determines the number of vehicles on the road network and the kilometers travelled. As mentioned above, the objective of OLYMPUS is to produce a realistic description of mobility practices in the region, based on the behavior of individuals in relation to transport demand and mobility supply. To this end, as explained in paragraph 2.1, an approach that takes into account the parameters determining individual choices has been implemented. The approach adopted is based on random utility theory and makes it possible to calculate the probability of choosing an alternative and thus to predict the mobility choices of city dwellers, based on certain assumptions about the distribution of the random component. This approach is based on the assumption that utility maximization influences the agent's decisions. Utility is represented in the form of a generalized travel cost that includes the transportation time as well as a material cost attributable to each mode. This includes deterministic parameters such as time, direct financial costs (tolls, fuel), but also comfort, wear and tear and vehicle maintenance. The diversity of responses then comes from the diversity of values of time for individuals and the generalized cost that each journey represents for them.

In the end, the modal choice is attributed via a logistic function (MNL) (see an illustration in Fig. 3 i). As mentioned above, more details on this numerical approach can be found in [START_REF] Elessa Etuman | OLYMPUS v1.0: Development of an integrated air pollutant and GHG urban emissions modelmethodology and calibration over greater Paris[END_REF]. This approach is considered robust and is commonly used in mobility modelling [START_REF] Malayath | Activity based travel demand models as a tool for evaluating sustainable transportation policies[END_REF]. In OLYMPUS, modal choice allows competition between soft modes, public transport and the use of private vehicles. Soft modes include walking and cycling, each of which has its own specificities and particularly in terms of general travel cost, but are then grouped together under the generic name "WALK". 

Emissions

The pollutant and GHG emissions calculated by OLYMPUS result from the total energy demand of the buildings, and from the integration and spatialization of all agents' trips described above.

In OLYMPUS, the modelling of combustion emissions in buildings is based on combustion activities for residential, institutional and commercial heating, but also for hot water production and cooking. To determine household energy demand, the key data is the unit consumption of households, in kWh/m², and is derived from surveys. It is then cross-referenced with data on average housing areas by type of dwelling, type of household and housing area (based on the work carried out in Block 1). To model the institutional and commercial sector, the module is based on annual consumption data per employee and locates these emissions in the employment centers, according to their respective capacities. An additional adjustment is made by considering the severity of the winters of the year in question ("degree-day" parameter), and -for households -it is also possible to adjust energy efficiency depending on the heating equipment (modernity, quality, use). The model produces air pollutant emissions by type of fuel used. The energy mix data comes from local surveys. Based on this information, OLYMPUS calculates the emissions associated with fuel use in the residential and commercial sector, following the EEA guidebook for small combustion emissions (European Environment Agency, 2013).

To model traffic-related emissions, it is possible to use agent-based transport micro-simulation to predict the local specificities of traffic on an urban road network. This approach is based on real driving patterns such as instantaneous speed, takes into account emissions from idling and start/stop and is sensitive to the local effects of congestion. It is the approach developed in tools such as MATSim (Horni, A, Nagel, K and Axhausen, 2016), which makes it possible to capture a wide variety of driving situations [START_REF] Hülsmann | Integrated agent-based transport simulation and air pollution modelling in urban areas -the example of Munich[END_REF]. It can be forced by the outputs of a traffic allocation model [START_REF] Hao | Integrating an Activity-Based Travel Demand Model with Dynamic Traffic Assignment and Emission Models[END_REF]. The magnitude of the calculations involved and the enormous computing time required for traffic micro-simulations may be an obstacle to their implementation in large agglomerations, but the biggest limitation to performing such calculations over large areas is the need to provide highly accurate information on actual lane occupancy rates, driving behaviors and local specification of the vehicles in the fleet. Furthermore, the gains in accuracy achieved by this approach are only maintained if it is followed by an emissions calculation based on vehicle emission factors under the speed, acceleration and congestion conditions described by the traffic model. And these data are still incomplete and suffer from a lack of consistency, particularly with regard to congestion issues [START_REF] Zhang | Vehicle emissions in congestion: Comparison of work zone, rush hour and free-flow conditions[END_REF]. On the other hand, it is possible to implement road emission calculations from so-called "macroscopic" models, which are based on a static traffic allocation from global variables such as traffic flow, and use average speed emission functions (Bandeira et al., 2011, Hatzopoulou andMiller, 2010). These mesoscale approaches can also rely on 4-step models including (1) transport demand generation, (2) transport demand distribution, (3) modal choice and finally (4) transport demand allocation on the road network. One example is the MODUS tool of the Regional and Interdepartmental Direction of Equipment and Planning in Île-de-France. These models are most often coupled with emission calculation methodologies based on major road types, such as COPERT and HBEFA [START_REF] Keller | [END_REF][START_REF] Ntziachristos | COPERT: A European road transport emission inventory model[END_REF]. OLYMPUS uses this second approach to model road traffic emissions. It considers exhaust emissions from hot and cold vehicle exhausts, as well as emissions from tyre abrasion, car brakes and fuel evaporation. The approach used is that recommended by the EEA, which uses COPERT emission factors based on the average speed of a vehicle over a standard driving cycle. The car fleet in circulation, impacting emission factors, is derived from local surveys (see illustration in Fig. 3 j).

Patterns and levers of emission modelling in OLYMPUS

This paragraph discusses the implementation of OLYMPUS on two French regions with radically different urban area distribution and territorial organization. Multiple-site studies indeed allow us to better assess the ability of OLYMPUS to understand the functioning of different urban structures and to explore the role of the parameters used in the model to prescribe practices and calculate pollutant emission fields. The first region to be studied is the Île-de-France (IDF), which includes the city of Paris and the 7 administrative departments surrounding it. This territory, which is home to about 12 million inhabitants, shows increased urbanization from the peripheral areas towards the dense city of Paris in the center, with the density of activities and networks following the same pattern. In particular, the public transport network is highly developed in and towards the center of Paris. The dense center of this territory constitutes the Greater Paris Metropolis, an administrative grouping that includes the city of Paris as well as a large number of municipalities bordering or close to Paris, and which holds the levers to act in a concerted manner in critical areas as urban planning, housing, economic development and the fight against climate change. This dense urban area encounters an acute air pollution problem, particularly in proximity to traffic where daily and annual regulatory thresholds for particulate matter and NO2 concentrations are regularly exceeded [START_REF] Airparif | Bilan de la qualité de l'air Année 2019 -Surveillance et information en Ile-de-France[END_REF]. This phenomenon is associated with the high density of domestic and commercial activities in the center of the metropolis as well as the very high demand for transport to Paris' inner suburbs, with heavy reliance on private vehicles and a high level of congestion on the roads. Our first analysis focuses on how OLYMPUS allows to recreate spatial patterns on different territories, using the input data described above, but also thanks to the selected numerical approaches and the use of key parameters such as UDI or attractiveness. The regional daily mobility calculated by OLYMPUS and presented in Fig. 4 (b), together with the traffic volumes Fig. 4 (c), show the importance of the distribution of UDI in the construction of mobility and the use of the road network, since the entire road network of the UDI 5 zone is heavily used, and that the main access road to the city of Paris (the peripheral ring, in yellow on the figure) is completely congested. At this point, the OLYMPUS results about road traffic are highly dependent on how individuals' modal choice is estimated (that is, strong acceptability or not of long travel time due to congestion). Consistently with the map of lane occupancy, it is in the center of the metropolis that OLYMPUS calculates the highest values of traffic-related emissions (shown in Fig. 4 (e), for nitrogen oxides -NOx). The 5 graphs in Fig. 5 are identical to those presented for the Paris region, except that the maxima on the scale are lower. The map in Fig. 5 (a) illustrates how the polycentric configuration of the PDL region is restored to OLYMPUS via the urban density index based on regional population surveys. Notably, in the south-west of the region, one can see the city of Nantes and its periphery, which are more densely inhabited than the rest of the territory. As mentioned above, it was necessary to reduce the size of the UDI bins compared to Paris in order to re-establish the gradient in typology of areas from the city center to the suburbs and to rural areas. Similarly, it was necessary to correct upstream the input information on the average distance associated with each trip motive. This use of survey data allows OLYMPUS to be highly adaptable to different territories. The central parameter here is the attractiveness of the activity zones, reconstructed via the UDI. Crossed with average travel times, it makes it possible to propose a distribution of areas likely to generate a trip during the simulation process and to create global mobility patterns that fit the reality of this territory. In the same way, OLYMPUS is able to associate to each agent a modal choice that is consistent with the local logic of mobility. These modifications being taken into account, it appears that the adaptability of OLYMPUS to a new territory is high. Indeed, the maps showing the origin-destination matrices resulting from commuting, as well as the road network occupancy rate, both demonstrate its capacity to restore multimodal mobility, without underestimating the attractiveness of secondary urban centers. Thus, the map in Fig. 5 (b) shows a more homogeneous distribution of destinations than in IDF, but above all a greater proximity between home and work for most commuting trips in PDL, despite the larger size of the region. The comparison of distances travelled by mode of transport between IDF and PDL is summarized in Fig. 6 (e), which confirms that urban multipolarity reduces overall distances travelled for home-work trips: OLYMPUS predicts a reduction by almost a factor of 2 in the average number of kilometers travelled by car in PDL (less than 4km) compared with IDF (more than 7.5km). However, the 90 th percentile of this distribution (more than 18km against 16km in the Paris region), shows the existence of a distribution tail pulled to higher values in the polycentric territory, which may be associated to inter-city trips by car and induces a high consumption of fossil energy. Similarly, the boxplots of the distances traveled on the public transport network show the inability of the PDL network to support long trips (i.e. over 3km), due to the limited size of the mainly urban networks. Using the functionalities of OLYMPUS, it would be of great interest to simulate the impact -on reducing road congestion on the major urban axes and on improving the durability of mobility -of a prolongation of the lines (tramway in particular) beyond the very center of the main agglomerations (Nantes mainly), in order to connect it with the neighboring municipalities. However, in the longer term, the development of transport to serve residential areas far from the city centers is likely to induce urban sprawl. Which is why such a scenario must be tested by taking first into account the residential mobility of the inhabitants of the region over the long term, using a LUTI model to provide the land use situation of the OLYMPUS simulation. Finally, in spite of the dispersion of destinations over the whole PDL territory, the attractiveness of the urban centers can still be seen in Fig. 5 (c) and Fig. 5 (e), through the high level of road occupation in and around the cities, and the elevated local road emissions. The distribution of the main zones of activity in the territory corresponds to the reality of these regions. However, similarly to the hypothetical transport network scenarios described above, it is possible to provide OLYMPUS with a different calculation of attractiveness, which would no longer be based on urban density but would be modelled on other land-use planning strategies. OLYMPUS thus would allow to study the impact of activity relocation policies on mobility and energy consumption on the territory.

In both territories, the energy consumption from building use in the territory is maximal in the urban centers (Fig. 4 (d) and Fig. 5 (d)) although it does not hint the distribution of emissions, since the energy mix is different between collective and individual habitats. Indeed, district heating networks are poorly developed in rural areas and the use of open fireplaces or biomass burning stoves is more massive in dispersed individual housing as can be found in the outer suburbs of Ile-de-France, and in the rural areas of Pays de la Loire. However, it is a common practice in provincial cities such as Nantes, and a frequent supplementary heating mode during cold weather events in metropolises such as Greater Paris. The link between UDI, type of housing and distribution of energy for heating (electricity, gas or wood) is thus a critical element in the OLYMPUS emissions modelling process, as in France 98% of particulate emissions in the residential and tertiary sectors are due to the use of heating appliances using biomass. The OLYMPUS emission maps for this sector is thus fully determined by the parameterization of the link between UDI / housing / energy mix per housing. In OLYMPUS, energy distribution is a parameter based on survey data, and therefore easily adaptable to the site under consideration, but the data does not always exist with the desired refinement. Moreover, the data are rapidly evolving (especially with the recent transition to closed fireplaces and more environmentally friendly stoves). In any case, it is an important air quality lever, the role of which in winter episodes of particulate pollution can and should be investigated. Quantitatively speaking, an interesting result is the ability of OLYMPUS to understand the utility of modal supply and to capture the modal share of private vehicle trips, using the random utility equations of the transport module. Thus, while OLYMPUS leads to a modal share of 40.4% in the Paris region for individual motorized trips (compared with 39.5% according to the Observatory of Mobility in IDF), it predicts a doubling of this share in the PDL region, with 78% of the total number of trips made in private vehicles (compared with 71% in the regional mobility surveys). Although the use of public transport in the PDL region seems to be slightly underestimated here (probably due to the lack of representation of intercity trains), these two results validate the relevance of the rational approach taken in OLYMPUS. The calculation of energy consumption in the residential/tertiary sector, as well as that of road NOx emissions, reproduces as before the distribution of urban land use and the effect of the densification of traffic flows around urban areas. In order to obtain a quantitative evaluation of the results, the emissions calculated by OLYMPUS on IDF and PDL were also compared to a reference inventory -here the inventories of the Airparif * and the Air Pays de la Loire † monitoring networks -for each of the modelled sectors of activity. An in-depth evaluation of the emissions produced by OLYMPUS in this configuration for the Paris region was carried out by Elessa Etuman and Coll, 2018. Some results are summarized here in Fig. 6, together with some results for Pays-de-la-Loire. As shown in Fig. 6 (a) (b) (c) and (d) for nitrogen oxides and fine particles, this rapid comparison exercise validates the model's ability to correctly size road activity as a whole over an area -i.e. taking into account trips, kilometers travelled and speciation of the fleet in circulation. Furthermore, the share of road emissions and residential combustion emissions for NOx and PM10 can be estimated from the bar plots of Fig. 6. Such a distribution -i.e. the predominance of road sources for NOx, while fine particles are mainly from domestic and commercial combustion -is in very good agreement with the literature [START_REF] Airparif | Bilan des émissions de polluants atmosphériques et de gaz à effet de serre en Ile-de-France pour l'année 2010 et historique[END_REF] for IDF region. Finally, it is important to remember that the issue of road traffic, at least in terms of total pollutant emitted, goes beyond the question of individual mobility, as commercial vehicles contribute significantly to emissions. However, this fraction of traffic is still poorly known because it involves a wide variety and a large number of actors and does not obey the simple laws of commuting mobility. The improvement of the representation of freight transport, via the simulation of origin-destination matrices, is one of the works in progress for the evolution of the OLYMPUS model.

Discussion and perspectives

The OLYMPUS tool has been developed with the aim of providing innovative support for environmental decision support, through a reflection on energy consumption practices that have an impact on urban air quality. OLYMPUS is an emissions model that provides a cadastral inventory of pollutant -and potentially GHG -emissions related to the energy consumption of an entire urban population, for mobility as well as residential and tertiary combustions. It provides chemistry-transport models with an inventory of pollutant emissions capable of integrating the activity of a territory's inhabitants. At a time when many metropolises are rethinking their urban planning policy in order to face new economic, societal and environmental paradigms, modelling know-how must indeed enable the link between the individual and the city, in scenarios that seek to optimize the use of urban networks, or levers for energy-sustainable and responsible behaviors. In this article, we have presented the main operating principles of the OLYMPUS tool in order to demonstrate its potential contribution to the production of a new generation of emission scenarios for air quality. OLYMPUS relies on a large amount of survey data (household, mobility, census) to feed calculation algorithms that successively allow to recreate a synthetic population, to simulate activities and agendas at the individual scale, to define transport demand and energy consumption practices, and finally to spatialize the mobility of all simulated individuals taking into account the supply and saturation of the transport networks. In OLYMPUS, the activitybased transport demand construction approach allows to integrate an essential dimension in the classical transport modelling process: the consideration of constraints and household time-energy budget in the realization of the different trips. This is an asset that serves the objectives of the tool. It is indeed conceivable to vary -in innovative urban scenarios -some of these parameters such as the sequencing of journeys, but also to influence the mobility of different categories of agents and thus to highlight mobility levers.

The results obtained during the implementation of OLYMPUS on the Paris region (Île-de-France) and the Pays de la Loire were used to assess the quality of OLYMPUS outputs, and to understand the determinants of OLYMPUS in the code. They first allowed to conclude that the modeling approach developed in OLYMPUS is relevant for the construction of road traffic emission inventories, and that the model captures well the organization of daily trips, as well as the utility or disutility of the transport supply, even if some parts of the calculations -such as freight transport -still need to be improved. They also demonstrated its very good transposability, as OLYMPUS manages to recreate the structures of mobility in very different territories, relying on very global data -such as the average distances granted by trip purpose for example. Through these two examples, OLYMPUS finally made it possible to analyze the way in which urban organization (transport, density, centrality or not) forces energy consumption and fossil mobility. The comparative analysis of the results

for IDF and PDL shows that, regardless of the size of a region, the choice of a polycentric organization enables to limit the distances traveled, by creating better distributed activity centers (for commuting in particular). However, the lack of public transport supply outside the very city centers offsets this positive effect, and leads to heavy reliance on the car (more than 3 trips over 4 in PDL). This strong dependence on the fossil and individual mobility is an important penalty for the energy efficiency of the region. For all areas of this typepredominantly rural, organized around medium-sized towns with strong economic or demographic dynamics -it is essential to engage in a reflection on the possible evolutions of the territory. In particular, it will be necessary to identify urban development plans and public policies that will strengthen the economic, social and environmental value of the region, while ensuring the maintenance of the proximity effect existing throughout the territory, as well as the balance of urban centers. It is in this specific context that the OLYMPUS tool can help providing environmental diagnoses, through the set-up of scenarios and analyses of the main levers for mobility control, but also of the potential negative retroactions -such as indirect support to urban sprawl.

In particular, we have described the importance of an individual decision approach (random utility based on rational choice) in defining the modal shares of private cars, public transport and soft travel modes. The implementation of OLYMPUS in two regions showed that urban density and the attractiveness of different urban spaces spatially shape the mobility of the population. It therefore remains to be defined to what extent modal choice is sensitive to variations in the utility of transport modes in the same area, and whether this very favorable trend towards individual mobility in OLYMPUS is an effect of the model, or the representation of a reality where practices would be little affected by the variability of car utility. OLYMPUS makes it possible to envisage scenarios that offer a reflection on the value and variability of utility in different urban forms (spread out, dense, etc.) in order to identify actions and scenarios that facilitate the avoidance of car use (incentive measures, fuel taxes, restricted access to city hearts, increase in multimodal transport supply, etc.). This opens up interesting horizons in terms of the policies to be implemented to shake up the hierarchy of the utility of modes, change behaviors and decarbonise mobility practices.

In the end, the use of such a disaggregated approach to mobility produces matrices of individual trips, which constitutes a totally innovative set of data that can be critical when rethinking exposure to pollutants in urban areas. One of the major developments in our modelling chain indeed consists in crossing the agenda and location of individuals simulated by OLYMPUS with the pollutant concentration fields from CHIMERE -that have been reworked to account for proximity to traffic lanes [START_REF] Elessa Etuman | Addressing the issue of exposure to primary pollution in urban areas: Application to Greater Paris[END_REF]. This approach should make it possible to apprehend the outdoor exposure of individuals according to their neighborhoods of residence, their urban trips and their mobility practices, in a dynamic approach in resonance with the growing interest in geolocalised individual exposure.
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 1 Fig. 1. Schematic representation of the OLYMPUS modelling approach: main modeling poles and inter-relation of principal parameters

Fig. 3 .

 3 Fig. 3. Illustration of the main modelling steps of OLYMPUS (a) Setting-up of the relationships between individual characteristics, constraints and priorities for activity planning. (b) Definition of the type of urban environments through local household density, which sets the urban density index (UDI) (c) Distribution of the proportion of collective and individual households in specific urban environments (d) Age distribution of male agents in couples in the synthetic population, based on a probability mass function (PMF). (e) Representation of a daily schedule with priorities for the agent described in (a), including the probability of performing an activity, which reaches 1 for priority activities. (f) Distribution of average distances of attractiveness according to activities. (g) Diagram of the location of the activities of the agent described in (a). The probability that the agent's activities in a given zone depends on the size of the nodes of the graph. (h) Distribution of the attractivity functions of the scheme presented in (g). (i) Private car, public transport and soft mode options for the agent described in (a), and schematically spatialized. The agent's modal choice (thick line) is made according to the generalized cost of the transport mode (j) Distribution of the passenger car fleet technology (EURO) in 2009 in the Paris region

Fig. 4 .

 4 Fig. 4. OLYMPUS outputs on the Ile-de-France region for the year 2009. (a) Categorization of population distribution: the urban density index (UDI) of the territory. The darkest colors correspond to the highest density values. (b) Major Origin-Destination connections, destinations being represented as lines with the warmest colors corresponding to the most important mobility flows. (c) Daily passenger car fluxes on the regional road network. (d) Annual energy consumption in the residential sector. (e) Hourly emissions of nitrogen oxides from road transport.

  A simulation was carried out in 2009 with OLYMPUS, using household densities on the IDF from the French National Institute of Statistics and Economic Studies census data and socio-demographic attributes from the general census of the IDF population as forcing factors. The data on mobility are mainly derived from the IDF transport survey and the household travel survey, which shows the average number of journeys per day. Those main input data come mainly from local and national surveys. Other survey data are also used to define heating practices, vehicle fleets and combustion appliances. Fig.4(a) to (e) present the main outputs in cartographic format. The map of UDI indices Fig.4(a) shows this central organization around an urban core with dense housing and activities that corresponds fairly well to the area of highest UDI on this map. OLYMPUS was also implemented in the French region called "Pays de la Loire" (PDL), located in the west of France and including the medium-sized city of Nantes and several small urban centers such as Angers, La Roche-sur-Yon and Le Mans (Fig.5 (a)). A large part of the region is made up of rural areas with low density of dwelling and very few public transport connections. In addition, despite a total area 2.6 times larger than the Paris region, the PDL region has only 3.7 million inhabitants. It is therefore a fundamentally different territory from that of Greater Paris. In 2009, the average annual pollutant levels recorded in Pays de la Loire were below the regulatory limit values for NO2, with the exception of the main roads in Nantes, reflecting a high use of the road network to reach the city. As for Ile-de-France, the main input data for the model come from census data and mobility surveys (local and national), including the National Transportation and Travel Survey and survey data used to define average energy consumption per household.

Fig. 5 .

 5 Fig. 5. OLYMPUS outputs on the Pays-de-la-Loire region for the year 2009. (a) Categorization of population distribution: the urban density index (UDI) of the territory. The darkest colors correspond to the highest density values. (b) Major Origin-Destination connections, destinations being represented as lines with the warmest colors corresponding to the most important mobility flows. (c) Daily passenger car fluxes on the regional road network. (d) Annual energy consumption in the residential sector. (e) Hourly emissions of nitrogen oxides from road transport.

Fig. 6 .

 6 Fig. 6. Comparative analysis of the outputs of the OLYMPUS model. Figures (a) and (b) represent respectively the year-round nitrogen oxide emissions from the road transport sector and the residential and commercial combustion sector (a) for Ile-de-France and (b) for Pays de la Loire. Figures (c) and (d) represent the emissions of particulate matter with a diameter of less than 10 microns per year from the road transport sector and the residential and commercial combustion sector (a) for Ile-de-France and (b) for Pays de la Loire, respectively. The emissions modelled in (a), (b), (c) and (d) are compared with local emission inventories. Figure (e) shows the distribution of travel distances by different modes of transport (passenger car, public transit, walking).
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