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The energy consumption and the quantities of CO2 emitted by the residents of an urban area for housing and trip making (sectors housing (H) and transport (T) considered jointly) vary notably with urban sprawl : on the one hand the distances covered strongly increase between residences located farther and farther away from the town centre and employment remaining concentrated, on the other hand the settlement is more recent but also more scattered.

What can we say about the resultant H+T, by residential location, considered all over the year:

· Can one find a relevant, sufficiently detailed and robust zoning, being at the same time common to both sectors, so as to draw up a cartographic assessment of it ?

· Does CO2 emission necessarily increase with the distance from/to the centre (whatever the urban form) ? Or are there compensations between the two sectors in certain zones ?

At the request of the Ministry for Housing and Transport in France, in order to be able to answer these questions, to better appreciate the influence of urban sprawl on greenhouse gas emissions and to contribute to the questioning on the "sustainable city", CEREN (1) and INRETS (2), have joined their competences and efforts to provide a joint estimate on the two sectors. Some previous trans-sectoral works, specifically relating to housing and transport expenditures (in France and in the Greater Paris region), already emanated from INRETS.

Based on the data of subsequent Censuses and local trip-household-Surveys, we have worked on two grounds to provide spatialized assessments:

· a cross-sectional analysis for Paris Region at the beginning of the 90’s, revealing the differentiations between the inhabitants living in the centre and those living the farthest way away;

· in a longitudinal perspective over the 90 decade in Metropolitan Area of Lille, showing the main dynamic evolutions.

Describing the main results on the two sites, this paper will also emphasize the questions of methods, weaknesses and limits, and some conclusions and possible prolongations of this work. We will see which specific problems we must face, with our “standard” surveys, when confronting mobilities to their environmental impacts. And incidentally, we will show that this type of trans-sectoral approaches induces additional difficulties, implying to confront and prolong our methods (in a interdisciplinary way), but also calls into question our usual practices of data collection on mobility.

(1) CEREN: French Centre of Economic surveys and Research on Energy (Centre d'Études et de Recherches Economiques sur l'Energie)
(2) INRETS: French National Institute for Transport and Safety Research (Institut National de Recherche sur les Transports et leur Sécurité) 
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Abstract
The energy consumed and the quantities of CO2 emitted by the residents of an urban area for housing and trip-making vary notably with urban sprawl. It is possible to provide a spatialized CO2 emissions assessment of it, covering both housing and transport sectors. 

The original trans-sectoral approach described here is applied to two French large urban areas, Paris in a cross-sectional analysis, and Lille in a longitudinal perspective. The results indicate that trip-making can count for 20% to 50% of the total CO2 emitted, which does not increase continuously with the distance to the centre, and that the 90’s improvement on housing emissions did not compensate the explosion of the mobility emissions.

This paper concludes with the questions of methods, the difficulties due to the trans-sectoral approach and the limits due to our “standard” practices of mobility data collection, together with some conclusions and possible prolongations of this work. 
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Abbreviated article title : ‘Urban sprawl incidence on Greenhouse effect’

1. Introduction and Context 
The reduction of the greenhouse gases (GHG) emissions has become one of the major environmental issues of our time, due to the risks and consequences of global warming. France decided to take part in this reduction, since 1997 by signing the Kyoto protocol (stabilization of the emissions in 2010 on their level of 1990), and more vigorously while including in the 2005 Energy Law the aim to divide by 4 the levels of emission of GHG between 1990 and 2050. This "factor 4" objective is ambitious and all the possible ways of reduction (by new regulations, by technological progress, as well as by individual behavioural changes, etc.) are to be explored. 

Fig. 1 : The French context
To face this reduction challenge, the national government and the local communities need to better understand the link between urban development choices, the operation of transport systems, and people’s behaviour with regard to mobility. The households are indeed largely responsible for these strongly increasing GHG emissions by their energy consumption in their housing and for their transport. The choice of their residential location is one of the elements explaining them.

Some studies, considering strategic environmental assessment in planning procedures, i.e. incorporating multi-sector environmental considerations into policies, plans and programmes, underline the need for recognition of the interdependence between transport and spatial policies and recommend to take into account the synergies and trade-offs in both transport and spatial fields (see ECMT 2000, ECMT 2004). 

But actually, GHG emissions are currently only sporadically considered in transport and spatial policies, plans and programmes (Fischer, 2001). Furthermore, potential reduction in GHG emissions are still yet only considered by sector in most of the recent works (see for example last IPCC reports). We did not find references of works taking interactions between both transport and housing sectors into account, especially at the disagreggated level of the households and at the scale of an urban area; in that sense, this paper can be considered as an original contribution to research.

At the scale of an urban area, we know that the energy consumption and the quantities of CO2 emitted by the residents for housing (main residence) and trip making (daily mobility), i.e. the sectors housing (« H ») and transport (« T ») considered jointly, vary notably with urban sprawl (and induced growth of mobility) : on the one hand the distances covered (and thus consumption and emissions) strongly increase between residences located farther and farther away from the town centre and employment remaining concentrated, on the other hand the settlement of the part of the population who decided or was constrained to move away is more recent, vaster, presenting a best energy performance, but also more scattered.

What can we learn about the resultant « H+T » consumption and CO2 emission estimates, considered all over the year and analysed by residential location :

-
Can one find a relevant, sufficiently detailed and robust zoning, being at the same time common to both sectors, so as to draw up a cartographic assessment of it ?

-
Does CO2 emission necessarily increase with the distance to the centre (whatever the urban form) ? Or are there compensations between the two sectors in certain zones ?

At the request of the MTETM, Ministry for Housing and Transport in France, in order to answer these questions, to better appreciate the influence of urban sprawl on GHG emissions and to contribute to the questioning on the "sustainable city", CEREN and INRETS have joined their competences and efforts to provide a joint estimate, a zonal cartographic assessment and a spatial analysis of energy consumption and CO2 emissions on the two sectors, (Hivert et al., 2006). 

Based on the data of subsequent national Censuses and local trip-household-Surveys (THS), two cases are successively studied in order to provide spatialized assessments :

· a cross-sectional analysis for Paris Region (early 90’s);

· a longitudinal perspective over the 90 decade in the Metropolitan Area of Lille (administrative Lille district).

Methodology, results and conclusions will be discussed in this paper. The disparities observed between zones and their temporal evolutions must be interpreted cautiously. Urban sprawl is undoubtedly not the only cause of the differentiations, that other factors, like income and position in the lifecycle, can explain. Let us also note that the study is limited to the working week and weekend trips, as described below.

2. Former trans-sectoral application : the study of households’ expenditure for housing and transport according to urban sprawl

Some previous trans-sectoral works, specifically relating to housing and transport expenditures, already emanated from INRETS. The aim of this kind of approach considering both sectors together is to emphasize a systemic point of view, where complementarities or compensations, between both sectors, could be explained among households, residential choices resulting from compromise between aspirations and budget constraints. This section describes the principal results of these previous studies about expenditures.

A first static and partial assessment in the Paris Region

The first study undertaken on this field (Orfeuil, Polacchini, 1999) proposed, on the basis of 1991 local mobility survey and of a settlement cost index, to compare households expenditure for housing and transport (according to dwelling occupancy status) in relation to the home location. 

The main results indicate that the expenditure for housing constitutes an almost constant share in households’ budget (about 25% of the income), constraining some of them to move away far from the centre; time-budget is also almost constant, while expenditure for transport, apparently considered as a variable of adjustment in the home location choices, is strongly increasing with distance to the centre. “T” expenditure, should thus be taken into account in the choice of home location to determine the ability to pay a certain level of rent or refunding. 

For the whole region, the central zone, where the cost of housing is high, offers to its inhabitants a very low cost of transport (low car ownership and high quality of subsidised public transport (PT)) ; on the other hand, the periurban zone, where relatively cheap land cost gives access to modest households, involve an overcost for transport (more often in car) which can cancel the profit taken from purchasing a house. 

This first study has been prolonged in two directions described below.

Generalization to other French urban areas

Based on the “ParcAuto” panel survey, (Chella, Hivert, 2002) proposed a generalization for both home-buyers and tenants in France, according to the size of the urban areas. This national source confirmed the results of the former Paris study and showed similar tendencies for the majority of the various layers of urban areas.

Globally in France in the beginning of the 2000’s, “H” does not exceed 30% of the income, while “T” expenditure increases with the distance to the centre. The resulting total “H+T” expenditure does not exceed 35% in downtown centres, but can reach 45% in periurban areas, which represents a greater total effort for the modest households. 

A longitudinal perspective for the Paris Region

This topic has been studied from a dynamic point of view (Berri, 2007), on the basis of four “Family budget” surveys (INSEE, from 1978 to 1995, period when the prices for housing grew much more rapidly than the prices of transport and than inflation), for all tenants and owners living in Paris region.

This work underlines important evolutions over this period, in terms of : fall of the fuel prices, urban sprawl, significant increase of the part of the income devoted to housing, increasing inequalities between zones, increasing proportion of owners among the most well-off, stability of the share of the private transport for the poorest with an increasing motorization (partly due to the offsetting of the modest households, in a period of fall of fuel prices).

It confirms the results of the first study : preponderance of the car in the mobility resulting in an important progression of transport expenditure, budget constraint and dwelling prices forcing the poorer households to settle in periphery, even if it induces to spend more in transport (longer distances), whose prices grow less.

3. Two case studies : sources, field, hypotheses and presentation of both sites

Field of the study

Our assessments concern CO2 emissions due to housing (main residence) and transport sectors, on the basis of daily mobility (including week-ends) within each urban area considered. Due to lack of available data, the emissions related to long distance trips (more than 100 km away from home) and to freight transport are no taken into account. Adding the emissions related to long distance trips to these assessments could attenuate some spatial disparities, since the residents of the centres make more often long trips than those of the peripheries.

From static to dynamics, using the census and mobility surveys

Based on the data provided by subsequent national Censuses (1990 and 1999) for the description of housing and local Trip-Household-Surveys (THS) for the description of the daily mobility, we have worked on two sites to provide spatialized assessments :

· a cross-sectional analysis for Paris Region at the beginning of the 90’s, revealing at that time the transverse differentiations between the inhabitants living in the centre and those living the farthest way away;

· in a longitudinal perspective over the 90 decade in the Metropolitan Area of Lille, showing the main dynamic evolutions.

Concerning urban sprawl, which is an evolutionary phenomenon, it appeared necessary to give a dynamic vision of the spatialized “H+T” assessment, which could be done for Lille.

Synoptic presentation of the two case studies : the Greater Paris Region and the Metropolitan Area of Lille 

Both urban areas have more than 1 million inhabitants, but the urban forms and developments are really different. Both sites are very densely populated (more than 1,000 inhab. per km2), but the Greater Paris Region is five times wider than the Lille Metropolitan Area (whose surface approximately corresponds to that of Paris and its inner suburbs). 

Fig. 2 : the two French urban sites studied
Paris development is rather “monopolar” around the capital city with a high quality PT system in the central zone (central city and inner suburbs). Paris Region presents important territorial disparities, with very dense centres (20,000 inhab./km2 inside Paris) and rural zones (with less than 100 inhab./km2). The urban dynamics of Paris Region has been strongly influenced by the “Villes Nouvelles” (New Towns), which have absorbed 40% of the demographic growth of the area since 1975.

The Lille Metropolitan Area is more “multipolar” around the cities of Lille, Roubaix and Tourcoing. The range of the densities in this district is less contrasted, varying from approximately 6,000 inhab./km2 in the centres, to 1,500-2,000 in the suburbs and 400 in the periurban communes. The urban evolution is marked by more complex exchanges between the three poles (and their suburbs), oriented by the disindustrialization and the reorganization of its activities. As in most French great urban areas, the last few decades were marked by a strong spreading out of the population and a weaker sprawl of employment. 

Many topics, including mobility patterns (more or less intern or turned towards the outside) and choices of residences, oppose the two sites. However, this study does not aim at comparing the two sites.

4. Methodology for the estimate of trans-sectoral and spatialized CO2 assessments

Estimate of CO2 emissions for housing

The quantities of CO2 emitted by the residents for housing are estimated by CEREN, on the basis of a fine description of the residences provided by the national Censuses of 1990 and 1999 (type of housing, year of construction, surface and type of heating) on the one hand and, on the other hand, of the calculation from housing survey data, of the unit consumptions of the residences, according to their characteristics (CEREN, 2004).

Schematically, 

- the consumptions for heating by housing built before 1975 (100 m2 for individual houses, 70 m2 for apartment) are initially calculated by type of energy;

- corrective terms are used to take account of the climate (different in each region), surface, date of construction and the association of wood to other energies for heating ;

- energy consumptions related to domestic hot water, cooking and specific electricity are then added (these three consumptions represent only 20% of the homes’ consumption, and are thus estimated in a more simplified way, according to the residences’ characteristics) ;

- Once consumptions established, the resulting CO2 emissions are estimated with the coefficients of conversion given in table 1, retained for latest 2005 ADEME-EDF study.

Table 1 : Conversion coefficients from energy to CO2 (kWh to g CO2) in housing sector, and some examples of unit CO2 emission coefficients (g CO2/km)

by mode in transport sector
In France, the main processes for electricity production are : nuclear for 80% and hydroelectricity for 15%. Thus contrary to some countries, electricity generation is not here a major source of GHG emissions; that is because electricity for heat is lower in CO2 emissions than fuel.

Estimate of CO2 emissions for trip-making

The quantities of CO2 emitted by the residents during their trips within their urban area are estimated by INRETS, according to our previously developed EEAT method (see details in (Hivert et al., 1997, 2003)), using the methodology recommended at the European level in COPERT III, MEET Project (INRETS et al., 1999). 

Based on household mobility surveys (1991 “Global Transport Survey” (GTS) for Paris Region, and on 1987 and 1998 THS for Lille) describing the daily mobility on a working day, this method determines energy consumption and pollutant emissions (including CO2) for each trip (of each individual) described in the survey, with respect to trip length, speed and used modes. For the car trips, the vehicle technological characteristics (fuel type, age and cubic capacity) and cold starts are taken into account, while occupancy rates intervene in estimation for PT trips (see examples of unit emissions in Table 1).

Estimations related to mobility on week-ends are then added, in order to complete the individual and household “weekly mobility” (in passenger*km and then in estimated externalities) and then to provide an annual assessment. It has to be underlined that no information is collected about week-end mobility in the standard THS method (CERTU, 1998), contrary to the case of GTS Paris survey. Complementing one week requires then to use several survey sources : week-end estimations are obtained from the most recent National Transport Survey data (NTS), conducted in 1993-1994 (see results in the next section).

As a first result, we can note that the kilometres covered during the week-end are roughly equivalent to 100% of a weekday for the Saturday, and 66% of a weekday for the Sunday, but trip purposes, modes (and even vehicle occupancy) are of course very different.

Box 1 : Important methodological remark

The CO2 emissions estimated for transport sector

are based on « real CO2 » and not on « total CO2 »

Energy consumption and CO2 emissions related to transport were estimated with the same assumptions as in our preceding EEAT studies (in accordance with MEET methodology): this method only inventories the emissions at the coming out of the exhaust pipes. Thus, Energy consumption (Cons), « real CO2 emissions » are estimated jointly with CO, VOC, NOx and PS emissions, with respect to the equation of the carbon balance (1) :

Cons/(12.011+1.008*r) = CO2/44.011 + CO/28.011 + COV/16.043 + PS/12.011      (1)

where r = 1,8 for gasoline and r = 2 for diesel fuel

Cons is expressed in goe, CO2, CO, COV, PS in grams 

Let us mention that this method differs from that which is recommended in UNFCCC (based on IPCC guidelines and CORINAIR methodology for GHG inventories), which count and convert into so called « total CO2 »all the carbon emitted in other chemical forms (CO, CH4, COVNM, etc.), with few exceptions. Contrary to (1), adopting this convention leads to an apparently simpler relation, connecting total CO2 to consumption : 

CO2 = a * Cons








           (2)

where a = 3,1833 for gasoline (resp. a = 3,1376 for diesel fuel), 

CO2 is expressed in gram-equivalent-CO2, and Cons in grams of fuel

These two estimates cannot be simply derived from one another (for example, just because derive « total CO2 » from Cons estimated with (1) implies to use a multiplicative coefficient depending on time, in particular to take into account the increasing proportion of diesel cars). Let us finally note that, if one excepts HFC from the evaluation, « real CO2 » in (1) is a rather good approximation of the real contribution to the greenhouse effect, although slightly underestimating the carbon emissions comparatively to « total CO2 » (underestimation from approx. 7% in 1987 to 3% in 1998, and almost negligible today).

Hypotheses and principles for the joint estimate

The estimations related to housing and transport sectors are added by using common :

· statistical observation unit (individual or household); 

· time unit (the year, neglecting the temporal shifts between Censuses and THS);

· geographical unit (the most relevant, detailed and robust zoning allowing to conduct both analyses).

The geographical zoning finally adopted is the finest possible according to the constraints of significance in accuracy for both sectors estimates. It is practically imposed by the THS which contain only a few thousands households spread across elementary zones, which have to be grouped for obtaining significant results.

5. Zonings

“Morphological” zoning for Greater Paris Region

For Paris Region we have adopted the so called « Morphological » zoning, due to IAURIF. In order to characterize urban and rural areas of the Region, IAURIF defined this functional zoning by taking into account : INSEE concept of ‘agglomeration’, density, presence of transport networks, urbanism projects (New Towns) and dynamism of the zones (employment, attractivity). Thus, the resulting 8 zones are not really homogeneous (see characteristics in table 2) but they prove highly relevant to describe the questions of accessibility and mobility. 

This 8 areas zoning includes three concentric central zones (Paris, inner and outer urbanized suburbs) and five peripheral zones (fringes of the urban centre, secondary agglomerations of the axes and valleys, New Towns, isolated secondary agglomerations and finally rural municipalities). Paris and its two suburbs account for 10% of surface and 75% of population, whereas the rural areas account for 60% of the surface and 4% of the population (fig. 3). 

Fig. 3 : Morphological zoning for Greater Paris Region
Table 2 : Geographical and demographical characteristics for IAURIF zones in 1990
Several points, according to home and work locations, may be noted : 

- Paris and inner suburbs are attractive zones for employment;

- Limit of 50% urban built is reached between outer suburbs and fringes; beyond outer suburbs natural spaces prevail;

- from outer suburbs to New Towns, employment attraction for the centre decreases regularly;

- fringes and New Tows are structurally rather close. But New Towns are more recent and represent specific urbanism and economic development (greater dynamism of housing and employment). 

- in the outer and more off-centre zones, accessibility plays an essential part in the distribution of employment locations (in Paris vs isolated).
« PDU » zoning for the Lille Metropolitan Area

The zoning for Lille has been elaborated for “Planning Urban Mobility” (PDU in French). It counts (fig. 4) two cities centres (only 4% of the total surface), Lille and Roubaix-Tourcoing, two zones of suburbs around these poles (respectively 25% and 13% of the total surface for Lille and RT suburbs ; 31% of the population for Lille suburb) and a periurban zone (55% of the surface for 17% of the population). Geographical and demographical characteristics are given in table 3.

Fig. 4 : PDU zoning for the Lille Metropolitan Area
Table 3 : Geographical and demographical characteristics for Lille zones in 1990

6. Spatial disparities in emissions, first picture in 1990

In 1990, each inhabitant, in Paris or Lille area, globally emits an average of 1.9 ton of CO2 for housing and trip-making over one year. There are strong spatial disparities around this average figure : for example, a household living in Paris city emits almost twice less than a resident of a peripheral rural area, and a household of Lille 30% less than one living in the periurban zone (see detailed results in table 4 and fig. 5).

Table 4 : Annual CO2 emissions assessment per individual and household

in both sites in 1990

Fig. 5 : Housing and transport shares in CO2 emissions in both sites in 1990
The spatial disparities related to transport emissions are the strongest

CO2 emissions due to transport strongly increase with the distance to the centre, in particular in Paris Region where they are multiplied by 3 between the centre and the periphery, while only by 1.6 between Lille and the periurban zone. 

People make longer trips and use a car more often when they live farther from the city-centre, while PT is less attractive in lower density areas. The New towns, which are excentred (almost 27 km from Paris), are an exception to this continuous increase of transport emissions, because of an important rail PT supply with the RER (Regional Express Network). On the contrary, the emissions are relatively high in the outer urbanized suburbs in spite of their relative proximity (16 km from Paris, but 66% more CO2 per individual than inside Paris), because of the more frequent car use, of the low traffic speeds and of the significant number of cold starts (see week assessment in table 5).

Table 5 : Individual daily and week assessment for transport in Paris Region

In the Lille Metropolitan Area, the absolute level of transport emissions is about 25% less than in Paris Region, the urban form being multipolar and the distances covered being definitely shorter. The spatial disparities between centres and peripheries are also attenuated because the car mode prevails everywhere including in the cities, because of a less important PT use. The weak variation (+6%) of emission between periurban zone and Roubaix-Tourcoing suburbs (closer to the city) is explained by a smaller proportion of working people.

Lower spatial disparities related to housing emissions

In both sites, the spatial disparities related to housing emissions are definitely lower than those related to transport. Like for transport, they are stronger in Paris Region, with a maximum variation of 50% between Paris and outer urbanized suburbs, the maximum variation being only 28% between Lille and Roubaix-Tourcoing suburbs. At the individual level and in both sites, the CO2 emissions for housing vary even less according to the zone of residence, because the surface occupied per capita, the first explanatory factor of this dispersion, remains relatively constant, whatever the location (24 to 29 m2 in Paris Region, 29 or 30 m2 in Lille area). The distribution of the households according to their size follows a concentric scheme : the average households’ size varies from 1.9 person in Paris to 2.4 in the suburbs to reach 2.7 and 3.1 beyond. The same observation can be made in Lille where it varies from 2.2 in Lille to 2.8 in other zones. The families move away from the centres, because of more favourable prices of housing in remote suburbs, in order to acquire residences of adequate size taking into account their capacity of purchase. Finally, energy consumption and CO2 emissions increase for people living farther from the centres because the residences are more often houses and of bigger size. But this progression of the emissions in periurban areas is attenuated by average better thermal performances of the residences, because they are more recent and more often heated with electricity. 
Box 2 : 1990 Housing emissions in Paris and Lille sites

In Paris region, suburbs’ housing emit more than periurban housing

Emissions are lower in Paris intramuros (2.5 tons per residence), where housing are almost exclusively small size apartments, and where fuel share is low and electricity share is high. On the other hand, the zones that emit the more are not the more distant from the centre, but those from the outer urbanized suburbs (3.7 tons), because the residences are often vast and old houses which are more often heated with fuel, rather than the periurban residences. On the other hand, the New Towns are characterized by a relatively low emission, similar to that of the rural zones, because of a significant number of recent residences (two thirds were built after 1975), included in apartment buildings often heated with electricity.

In Lille area, moderate geographical variations of emissions

In the Lille area, average emissions per household are 20% higher than those of Paris Region, because of a more rigorous climate and of a larger share of houses. Except in Lille, all the residences in the whole district emit approximately 4 tons of CO2 whatever the location. Only Lille city shows an emission of 3.2 tons, 20% below the average. This relatively low emission can be explained by a small share of houses (26% against 58% in Roubaix-Tourcoing), by the small size of the residences and by a less recourse to fuel and coal (and more to electricity). On the contrary, Roubaix-Tourcoing, also central, emits as much as the periurban zone, because residences are the oldest (only 12% residences built after 1975, versus 20% in Lille city and 28% in periurban zones) and are mainly composed of houses.

The share related to transport can reach 50% of the total emitted

It is worthwhile to compare actions taken to reduce GHGs emitted by transport-related activities and actions taken to reduce GHGs due to other sectors (for example in terms of cost-effectiveness, and to avoid negative compensatory effects) in order to optimise really trans-sectoral and strategic policies for reducing CO2 emissions. In that sense, not only the total volume of emissions, but also the relative shares of both transport and housing sectors appear very useful to be compared in each zone.

In Paris Region, approximately 33% of the total emitted (for housing and transport) by the average household are related to transport. This share of transport varies strongly, from 25% in Paris intramuros to 50% in the rural zones (fig. 5). This share, and the amplitude of the variations, are more limited in the Lille Metropolitan Area, which is less wide and shows a lower PT supply : with 25% on average, the transport share varies only from 20% in Lille city to 28% in the periurban zone.

7. CO2 emissions per individual do not increase continuously with the distance to the centre

Considered at the individual level, the resultant “H + T” assessment for CO2 emissions is not continuously getting worse from the centre to the periphery, as could be expected.

Comparable emissions for suburb and periurban zone

Whereas consumptions and CO2 emissions related to transport continuously increase from the centre to the periphery, consumptions and CO2 emissions related to housing do not vary in a monotonous way. These emissions increase from centres to suburbs, and then decrease from suburbs to periurban areas, so that global “H+T” emissions do not differ much between these two zones. This is essentially explained by the variations of households’ size and of their demographic structure.

Table 6 : Individual “H+T” emissions by zone, site and year

New Towns emissions are not very different from those of city centres

The global “H+T” assessment for CO2 emissions is particularly low in New Towns : the individual emissions are only 6% higher than in Paris intramuros. This result can be explained by better energy performances than in Paris for the residences and by not so much worsened results for the transports. 

Because they benefit from recent residences (two thirds built after 1975), often apartments (except in Melun, the historical city-centre of Melun-Sénart), not frequently heated by fuel (10% of the residences, versus 23% for the regional average), but more frequently by electricity (27% of the residences), the residents finally emit 17% less than those of Paris for heating. 

Furthermore, these New Towns have developed local employment and are linked by the most high-performance PT services (RER), so that the transport emissions of their residents are 80% higher than those of Paris, but 13% lower than those of “urban fringes”, which are 4 km closer to Paris.

8. In Lille between 1990 and 1999, explosive increase of transport emissions accentuates the observed spatial disparities

The urban sprawl and its impacts have to be observed from a dynamic point of view. Between 1990 and 1999 in Lille Metropolitan Area, individual CO2 emissions increase from 1.9 to 2.0 tons (+7.6%). This evolution results in a strong increase of transport emissions (+37% per capita) which is not compensated by the slight decrease of housing emissions (-2% per capita), fig. 6.

Technological progress on the vehicles, which make it possible to reduce unit consumptions and emissions was not enough to counterbalance the evolutions of the daily mobility, because of the strong increase in the distances covered, associated with the increasing modal share of the car. On the other hand, the improvement of the thermal performances and the changes of heating energy (coal almost disappeared, even in this mining region) made it possible to lower the CO2 emissions by housing, while at the same time their surface increased.

Fig. 6 : Evolution of CO2 emission per capita, Lille Metropolitan Area 1990-1999

Table 7 : Household size and Population evolution, Lille Metropolitan Area 1990-1999
We have to note, with this individual emissions evolution, the evolution of the households’ size in the area (table 7), with a general tendency to decohabitation, while the population also changes by zone, so that the global assessment differs from the individual assessment (see below).

Reduced use of coal decreases housing emissions

Between 1990 and 1999, CO2 emissions per residence decrease by 8% more than per individual emissions (-2%), because the number of m2 per capita increases.

The reduction of residence emission is notable in Lille (-14%), in Roubaix-Tourcoing (-8%), in periurban area (-8%), and a little bit less in the suburb (-5%). This general fall is essentially due to a less frequent use of fuel and of coal in Lille (replaced by electricity). It is also due to the increasing share of housing built after 1975 and to the reduction of the size of apartments, especially in Lille and Roubaix-Tourcoing, as a consequence to a decreasing size of households (table 7).

Transport emissions increase, especially where they were already high in 1990

Between 1990 and 1999, individual emissions increase by 26% in Lille, 34% in the suburbs and 53% in the periurban zone. The explosive increase of transport emission is explained by three main factors : an increasing number of trips (+20%), longer distance per trip (+46%) and the increasing share taken by the car (car mileage increased by 54%, while all modes home-to-work distances increased by 30%), the car fleet increasing by 62% during the period. Urban sprawl and the construction of motorway by-pass contributed to these evolutions. The more distant form the centre the residence is, the larger the distances covered are and the more intense the car use is. Moreover, vehicle occupancy rates also decrease significantly (from 1.42 pers/veh. in 1990 to 1.37 in 1999). Thus, the share of the transport emissions in the global emissions strongly increases, from 25% in 1990 to 32% in 1999, a comparable level with that of Paris Region in 1990.

Concerning this more intensive use of car, we already shown that consumption and pollutant emissions are closely related to the distance from home location to the centre, that the higher income groups always use more fuel and pollute more because they make longer car trips, and that the disparities become higher over time (Hivert et al., 2003).

The disparities (for both sectors) between zones are reinforced

In 1999, a household living in a peripheral zone emits 1.7 times more than a household living in a central zone, whereas the variation was only 1.4 in 1990. Between 1990 and1999, emissions per inhabitant are stable in Lille city, drop slightly in RT, but strongly increase in Lille suburb (+ 9,6%) or in RT suburb (+ 11,9%) and especially in periurban area (+ 12,7%). Thus, taking into account the population of the whole district (table 8), a total of 2.17 million tons of CO2 was emitted in 1990 by the residents for housing and trip-making. This emission reaches the value of 2.4 million tons of CO2 in 1999 (an increase of 10,3%, when the district population increased of 2,5%).
Table 8 : Global evolutions by zone, Lille Metropolitan Area 1990-1999

Box 3 : Brief summary of the main results for CO2 assessment per household,

Greater Paris Region and of the Metropolitan Area of Lille

* In 1990, the average CO2 emission for housing and trip-making (« H +T ») is 1.9 ton/year for households living in one of both urban areas.

* beyond this average value, the amplitude of the spatial disparities is large, especially in the Paris region where a household living in the city centre emits twice less than a household living in the peripheral zone. In Lille, the difference between the centre and the peripheries is only 30%.

* In the capital region, trip-making counts for one third (33%) of the CO2 emitted by the average household, and this share varies from 25% for Paris intramuros to 50% in the rural zones. In the Lille district, which is less wide, the emissions due to trips count only for 25% of the total emission per household, with a 20% minimum in Lille city and a maximum of 28% in the periurban zones.

* « H+T » Emissions per household do not increase continuously with the distance to the central city. They grow from central zones suburbs, then are stabilized beyond. The reason is that, from suburbs to periurban, the rise of the transport emissions is compensated by the fall of housing emissions, the thermal performance of the residences improving whereas average surface per capita almost do not vary with location.

* In the new towns (VN) which are however excentred, « H + T » emissions per household are only 6% higher than in Paris. This good performance is essentially explained by a recent settlement, a notable share of apartment buildings, an important offer of local employment and a very effective service of PT, with the RER.

* From the dynamic point of view, the emission variations develop between zones along the 90’s with urban sprawl in Lille area. Noticeable improvement of the emissions in the residences (mainly due to an almost total replacement of coal heating in this mining region) does not compensate the explosion of the transport emissions. A periurban household emits 1.7 times more CO2 than a household of a central zone in 1999, whereas the variation was only 1.4 in 1990.

9. Conclusions

Except journeys made "per se" (Moktharian and Salomon, 2001; Diana, 2005), the demand for transport is derived from activities related to different types of consumption (Jones, 1990). A Large part of these activities are performed at home; thus, the main interactions are between transport and housing sectors. It is clearly shown by the studies on family expenditure described in the preliminary part of this paper. Indeed, spatialized and joint analyses of both sectors present an unquestionable interest, compared to the approaches restricted to transport.

The trans-sectoral approach developed here shows the advantage to link the inventory of the consumptions and the emissions due to urban trip-making and housing to individual behaviour, thus providing a spatialized assessment that enables us to weigh the relative contributions of each sector, and to measure temporal evolutions, if data from subsequent THS are available. The feasibility of the method has been demonstrated from the use of standard household surveys, even if, as in our former studies, we have noted the need for large samples and detailed data to treat environmental questions, and even if our usual methods and practices of data collections have led to limitations, especially concerning the spatial representativeness and the exhaustiveness of the mobility described.

Up to now, this analysis has been conducted for energy consumption related to the main residence of the household and local trips (<100 km from home) all over a reference year (near to 1990). Concerning its consequences in terms of CO2 emissions, the main results are summarized in the box above, but we can underline that the examples of both Metropolitan Areas show quite similar patterns related to home location in morphologic (mainly concentric) zones.

What are the needs for future research ? 

First, our research is still on-going on the changes that occurred since the early 90's in the Metropolitan Area of Paris. Then, long distance trips and secondary housing would have to be included for an exhaustive analysis of both sectors. It means that other data sources have to be considered: 

- the census does not allow to link the main residence with secondary home(s) of a household, 

- long distance trips (and usually even week-ends) are excluded from local THS; they are described in the National Travel Survey (NTS), but the last one has been conducted in 1993-94, and the next one is for 2007-2008. 

This link between activities performed near or away from the main residence is useful, because we can suspect that the location of the main residence is also a structuring factor for activities conducted away (e.g. the inhabitants of the city of Paris have few cars and seldom use them locally, but they are more often away from home and frequently travel by air). Thus, the priority is an exhaustive picture of both sectors most contributing to GHG emissions and for which emissions are the most difficult to reduce. For the transport sector, the main goal to reach would consist providing an exhaustive distribution of the passengers*km, detailed in space (from the precise zones in which the household resides to the more remote destinations) and time (e.g. seasonal variations). A priori, even if we aim at a locally detailed assessment, only a more frequent NTS type of collection would allow to approach this objective.
A general panorama has been drawn for the whole of France (LET et al., 2005), but we have shown that the local context of Metropolitan Areas (e.g. New Towns near Paris, the multipolar structure of the conurbation of Lille, etc.) is essential in the analysis of the present and future of CO2 emissions. 
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Glossary

ADEME : French Agency for the Environment and Energy Management 

CEREN : French Centre of Economic surveys and Research on Energy 

CERTU : Centre for the Study of Urban Planning, Transport and Public Facilities, in the MTETM (standard methodology employed in collecting data for local THS)

CITEPA : French technical interprofessionnal centre on atmospheric pollution

CO : carbon monoxide (emissions, in grams)

CO2 : carbon dioxide (emissions, in grams)

Cons : energy consumption (in goe)

COV : see VOC

DAEI-SESP : Department of statistical and perspectives studies, Direction of international and economic affairs, in the MTETM, in charge of transport and housing

DREIF : Greater Paris Regional Infrastructure Directorate, decentralised service of the MTETM

EDF : Electricity of France

EEAT : Energy-Environment-Assessments of trips (also called Energy-Environment-budget of trips), concept and methodology developed at INRETS, enabling, from a local THS to relate the inventory of daily mobility-related energy consumption and pollutant emissions to individual travel behaviour within his region of residence (Gallez et al., 1997).

HFC : hydrofluorocarbons

IAURIF : Institute for Urban Planning and Development of the Paris Region

INRETS : French National Institute for Transport and Safety Research 

INSEE : French national institute for statistics and economic studies

IPCC : Intergovernmental Panel on Climate Change

GHG : Greenhouse gas

goe : gram-oil-equivalent, consumption unit

LMCU : Urban Community Lille-Metropole
LPG : Liquified Petroleum Gas

MTETM : French Ministry for Transport, Infrastructure, Tourism and the Sea

NOx : nitrogen oxides (emissions, in grams)

NTS : National Transport Survey

ParcAuto : French panel survey on household car fleet

PDU : Urban Trips Plan

PS : particulates (emissions, in grams)

PT : public transport

RER : the Greater Paris regional express train (RATP)
RT : Roubaix-Tourcoing
THS : trip-household-survey, tool of observation of trip-making patterns, according to the methdology developed by CERTU

UNFCCC : United Nations Framework Convention on Climate Change

VN : French "Villes Nouvelles" (new towns)

VOC : volatile organic compounds (i.e. hydrocarbon emissions, in grams)

Tables

Table 1 : Conversion coefficients from energy to CO2 (kWh to g CO2) in housing sector, and some examples of unit CO2 emission coefficients (g CO2/km) by mode in transport sector

	housing sector (g CO2/kWh)

	Coal
	Domestic fuel
	LPG
	Gas
	Heating electricity (1)
	Urban (2)
	Wood

	341
	267
	227
	202
	180
	174
	0

	transport sector (g CO2/km)

	Walk
	2 wheels < 50 cm3
	2 wheels > 50 cm3
	Train, subway
	Bus peak
	Bus off-peak
	Ratio CD/PT (3)

	0
	57.6
	112
	neglected
	70.4
	83.2
	3.1


(1) 0.040 for domestic hot water, 0.060 for cooking and 0.055 for specific electricity

(2) Urban : obtained on the basis of the distribution of energies used (coal 17%, fuel 17%, gas 47%, ENR including domestic waste 28%, electricity 1%)

(3) Ratio CD/PT means that car driver emits three times more than PT user per km.

Sources : (ADEME et al., 2005) for the housing coefficients, (Hivert et al., 2003) according to MEET Methodology for transport sector

Table 2 : Geographical and demographical characteristics for IAURIF zones in 1990

	IAURIF Zone of residence
	Surface (ha, %)
	Density (inhab./km2)
	%Urban built
	Average distance to the centre

	Paris
	10,532 (1%)
	24,160
	75%
	3.6

	Inner suburb
	35,515 (3%)
	9,030
	77%
	8.5

	Outer urbanized suburb
	78,423 (6.5%)
	3,630
	58%
	16.0

	fringes of urban centre
	85,801 (7%)
	580
	25%
	23.0

	New Towns
	43,695 (3.5%)
	910
	30%
	26.9

	Secondary axes and valleys agglomerations
	126,766 (10.6%)
	480
	15%
	41.8

	secondary isolated agglomerations
	98,203 (8%)
	290
	10%
	58.2

	rural communes
	729,307 (60.5%)
	60
	2%
	45.3


Source : INSEE, IAURIF, DREIF, EGT, INRETS

Table 3 : Geographical and demographical characteristics for Lille zones in 1990

	Lille PDU Zone of residence
	Surface (ha et %)
	Density (inhab./km2)
	%Urban built
	Average distance to Lille centre

	Lille
	3,500 (5%)
	5,657
	94%
	-

	Roubaix-Tourcoing
	2,800 (3%)
	6,821
	99%
	11.8

	Lille suburb
	22,700 (25%)
	1,568
	38%
	5.7

	RT suburb
	11,300 (13%)
	1,823
	43%
	9.5

	periurban zone
	49,100 (55%)
	409
	12%
	12.9


Source : INSEE and Lille Metropole

Table 4 : Annual CO2 emissions assessment per individual and household in both sites in 1990

	CO2 emissions (kg/household)
	housing
	transport
	total

	Paris Region
	3196
	1563
	4759

	Paris
	2463
	777
	3240

	Inner suburb
	3222
	1249
	4471

	Outer suburb
	3711
	1823
	5534

	Urban Fringes
	3627
	2258
	5885

	New towns
	3330
	2244
	5574

	Axes/Valleys secondary agglo.
	3575
	2227
	5802

	Isolated seconday agglo.
	3411
	2701
	6112

	Rural communes
	3314
	3627
	6941

	Lille Metropolitan Area
	3849
	1279
	5128

	Lille
	3192
	737
	3929

	Roubaix-Tourcoing
	4070
	1060
	5130

	Lille suburb
	3910
	1356
	5266

	RT suburb
	4083
	1571
	5654

	Periurban zone
	4002
	1660
	5662

	
	
	
	

	CO2 emissions (kg/individual)
	housing
	transport
	total

	Paris Region
	1297
	636
	1933

	Paris
	1283
	404
	1687

	Inner suburb
	1348
	522
	1870

	Outer suburb
	1369
	673
	2042

	Urban Fringes
	1259
	784
	2043

	New towns
	1067
	719
	1786

	Axes/Valleys secondary agglo.
	1259
	784
	2043

	Isolated seconday agglo.
	1193
	944
	2137

	Rural communes
	1131
	1238
	2369

	Lille Metropolitan Area
	1415
	470
	1885

	Lille
	1458
	337
	1795

	Roubaix-Tourcoing
	1433
	373
	1806

	Lille suburb
	1438
	499
	1937

	RT suburb
	1403
	540
	1943

	Periurban zone
	1347
	525
	1872


Source : CEREN-INRETS 2006 estimation, based on Census and THS

Table 5 : Individual daily and week assessment for transport in Paris Region

	IAURIF zone
	%Pop.
	Dist.
	%D
	%D
	%D
	%D
	Conso
	CO2

	of residence
	 
	(km)
	car driver
	car pass.
	PT
	walk, bicycle
	(goe)
	(g)

	working week day
	 
	 
	 
	 
	 
	 
	 
	 

	Paris
	18%
	16.3
	29%
	7%
	55%
	9%
	667
	1 177

	Inner suburb
	27%
	18.7
	39%
	9%
	45%
	7%
	893
	1 685

	Outer urb. Suburd
	25.5%
	24.9
	43%
	10%
	43%
	5%
	1 159
	2 236

	urban Fringes
	8%
	28.7
	49%
	9%
	38%
	4%
	1 371
	2 726

	New towns
	6.5%
	28.5
	44%
	11%
	41%
	5%
	1 255
	2 421

	Axes/Valles secondary agglo.
	8%
	32.9
	43%
	9%
	44%
	4%
	1 348
	2 599

	Isolated secondary agglo.
	3%
	36.7
	51%
	13%
	32%
	4%
	1 501
	3 256

	rural communes
	4%
	36.6
	60%
	14%
	23%
	3%
	1 704
	3 883

	Saturday
	 
	 
	 
	 
	 
	 
	 
	 

	Paris
	18%
	19.5
	49%
	24%
	27%
	0%
	917
	1 767

	Inner suburb
	27%
	20.3
	54%
	29%
	16%
	1%
	995
	1 917

	Outer urb. Suburd
	25.5%
	23.1
	53%
	32%
	13%
	1%
	1 109
	2 134

	urban Fringes
	8%
	27.8
	57%
	35%
	80%
	0%
	1 380
	2 650

	New towns
	6.5%
	30.4
	49%
	38%
	11%
	3%
	1 337
	2 583

	Axes/Valles secondary agglo.
	8%
	27.5
	62%
	32%
	60%
	0%
	1 473
	2 828

	Isolated secondary agglo.
	3%
	28.7
	58%
	31%
	70%
	3%
	1 478
	2 853

	rural communes
	4%
	59.7
	55%
	38%
	50%
	2%
	2 865
	5 514

	Sunday
	 
	 
	 
	 
	 
	 
	 
	 

	Paris
	18%
	17.1
	47%
	34%
	19%
	1%
	810
	1 561

	Inner suburb
	27%
	16.4
	51%
	35%
	13%
	1%
	810
	1 559

	Outer urb. Suburd
	25.5%
	20.6
	54%
	39%
	6%
	1%
	1 043
	2 006

	urban Fringes
	8%
	16.1
	54%
	39%
	6%
	1%
	814
	1 565

	New towns
	6.5%
	19.6
	46%
	42%
	11%
	2%
	876
	1 690

	Axes/Valles secondary agglo.
	8%
	24.3
	47%
	50%
	3%
	0%
	1 059
	2 032

	Isolated secondary agglo.
	3%
	25.9
	50%
	42%
	8%
	0%
	1 231
	2 363

	rural communes
	4%
	35.9
	51%
	46%
	0%
	3%
	1 683
	3 251


Source : INRETS 2005 estimation based on GTS 1991

Table 6 : Individual “H+T” emissions by zone, site and year

	kg CO2 per individual
	Centre(s)
	Suburbs
	Periurban

	Greater Paris Region, 1990

	Housing
	1283
	1358
	1240

	Transport
	404
	593
	804

	Housing + Transport
	1687
	1951
	2044

	Lille Metropolitan Area, 1990

	Housing
	1445
	1436
	1347

	Transport
	355
	455
	525

	Housing + Transport
	1800
	1891
	1872

	Lille Metropolitan Area, 1999

	Housing
	1264
	1434
	1295

	Transport
	432
	705
	806

	Housing + Transport
	1696
	2139
	2101


Source : CEREN-INRETS 2006 estimation, based on Census and THS

Table 7 : Household’s size and Population evolution

	99/90 evolution
	households' size
	Population

	Lille
	-8.7%
	+7.6%

	Roubaix-Tourcoing
	-3.2%
	-0.5%

	Lille suburb
	-5.8%
	+1.4%

	RT suburb
	-5.2%
	+1.0%

	Periurban
	-4.7%
	+4.0%

	Total Area
	-5.9%
	+2.5%


Source : National Censuses, 1990 and 1999

Table 8 : Global evolutions by zone, Lille Metropolitan Area 1990-1999

	
	1990
	1999/1990 evolution

	 
	Population M
	CO2 Mtons
	housing CO2 Mtons
	transport CO2 Mtons
	∆Pop (%)
	∆CO2 (%)
	housing ∆CO2 (%)
	transport ∆CO2 (%)

	Lille
	0.198
	0.355
	0.289
	0.067
	+7.6%
	+7.6%
	+1.3%
	+35.0%

	Roubaix-Tourcoing
	0.191
	0.345
	0.274
	0.071
	-0.5%
	-1.0%
	-5.9%
	+18.1%

	Lille suburb
	0.356
	0.690
	0.512
	0.178
	+1.4%
	+11.0%
	+2.4%
	+36.0%

	RT suburb
	0.206
	0.400
	0.289
	0.111
	+1.0%
	+12.9%
	+1.0%
	+43.8%

	Periurban
	0.201
	0.376
	0.271
	0.106
	+4.0%
	+16.7%
	+0.0%
	+59.6%

	Total Area
	1.152
	2.172
	1.630
	0.541
	+2.5%
	+10.3%
	+0.3%
	+40.3%


Source : CEREN-INRETS 2006 estimation, based on Census and THS

 Captions to illustrations

(caption to) Fig. 1 : the French context 

In France, the transport sector became the main emitter of GHG, with a nearly exclusive fossile fuel consumption, in the beginning of the 2000’s. It is the sector of which the emissions the most increased since 1990, because of increases of goods road transport and of individual mobility, without forgetting the more dynamic air sector. 

NB : Since the contribution of the transport sector to the other factors of increase of the greenhouse effect (cooling gases of air-conditioning systems, other precursory gases to the tropospheric ozone formation, for example) is relatively badly known, this work is thus only centered on the carbon dioxide (CO2) emissions.

According to CITEPA (see acronyms), CO2 emissions represented 534 Mt for France in 2004, gross amount, i.e. excluding sinks (the reservoirs which reabsorb part of carbon emitted in the air). But the contributions vary between the sectors and according to the years. Transport and housing, the sectors implying household's daily consumption, we are here concerned with, appear in recent years among the most important CO2 emitters in level but also in evolution since 1990. In 2004 for mainland France, the contributions of these sectors, the only ones still in strong growth, were as follow :

- transport sector : 26% of CO2 emissions, sinks excluded (+21% since 1990);

- residential : 18% (+17% since 1990).

(caption to) Fig. 2 : the two French urban sites studied

Lille Metropolitan Area :

894 km2, 1.152 million inhabitants in 1990,1,290 inhab. per km2

Greater Paris Region :

4,233 km2, 10.655 million inhabitants in 1990, 2,517 inhab. per km2

(caption to) Fig. 3 : Morphological zoning for Greater Paris Region

8 IAURIF zones : Paris, inner suburb (banlieue intérieure), outer urbanized suburb (banlieue extérieure), fringes of the urban centre (franges de l’agglomération), secondary agglomerations of the axes and valleys (agglomérations secondaires des axes et vallées), new towns (villes nouvelles), isolated secondary agglomerations (agglomérations secondaires isolées), rural communes (communes rurales).
(caption for) Fig. 4 : PDU zoning for the Lille Metropolitan Area

Lille, Lille suburb (banlieue de Lille), Roubaix-Tourcoing, RT suburb (banlieue RT), periurban zone (périurbain)
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In France, the transport sector became the main emitter of GHG, with a nearly exclusive fossile fuel consumption, in the beginning of the 2000’s. It is the sector of which the emissions the most increased since 1990, because of increases of goods road transport and of individual mobility, without forgetting the more dynamic air sector. 

NB : Since the contribution of the transport sector to the other factors of increase of the greenhouse effect (cooling gases of air-conditioning systems, other precursory gases to the tropospheric ozone formation, for example) is relatively badly known, this work is thus only centered on the carbon dioxide (CO2) emissions.
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Fig. 4 : PDU zoning for the Lille Metropolitan Area
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Fig. 5 : Housing and transport shares in CO2 emissions in both sites in 1990
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Fig. 6 : Evolution of CO2 emission per capita, Lille Metropolitan Area 1990-1999
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