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Abstract

Territory attractivity is more and more evaluated with sustainability  criterion. This papers proposes a methodology that allows to compare pollutants emissions, consumptions and household monetary expenditure related to urban trips between four French urban area. To evaluate sustainability we try to connect, in a quantitative way, practices and mobility  behaviour  with environmental and economic costs. Four DEED (Diagnostics Energie Environnements Deplacements) based on COPERT III european model are calculated with mobility data from four household survey trips which describes mobility of more than 60 000 dwellers inquired on their trip made the day before.

The results shows if that differences exist between and inside agglomerations, environmental costs, especially CO2 emissions, are too high to reach France targets in greenhouse emissions level.  Disparities between household suggest that dwellers which can afford it try to maximize their accessibility   whereas the other try to reduce their transport consumption. 

Key words : Urban mobility, CO2 emissions, household survey trips, household expenditure ,

Paris, Bordeaux, Lyon, Grenoble

1. Introduction

The capacity of current transport system to satisfy on the long-term  needs for mobility with environmental and social cost bearable in urban area is questioned  by the increase in private motorised mobility. The regulation policies which tackle  with these issues are found under the generic name of sustainable mobility. “Sustainable mobility is a term that summarises what is at stake in contemporary attempts to redress the balance of costs and benefits in the transport sector. It marks a shift away from the traditional transport planning approach, which conceptualised transport as a derived demand and as a support infrastructure for economic growth, towards a policy approach that is informed by evidence and risk assessment and which recognises the pitfalls of unconstrained growth” (Giorgi, 2003, p 201). Many works in transportation research field deals with environmental impacts of daily mobility in urban area. Newman and Kenworthy show through international cities comparison that the quantity of fuel necessary to satisfy the need of  mobility of American north cities dwellers could be 8 times more important than those of Asian cites. This research which had strong repercussion for transport and land-use experts stigmatises environmental costs of urban spreading and advises to make  cities more compact and to develop efficient  public transport. This empirical work continues to provoke methodological discussions (Van de Coevering, Schwanen, 2006 ; Mindali et al., 2004) and conceptual issues (Gordon, Richardson, 1997). These results were used as starting points by many studies which aim to explain the level of private mobility (most often measured by vehicles-km) by multiple factors: urban form, households socio-economics characteristics, price and quality of transport offer. These studies which tempt to clarify the relations between urban systems components are  methodologically limited  by the explanatory variable interdependence, the level of complexity makes difficult to establish any univocal causality links (Handy, 2005). But with growing concerns about climate change and energy prince increase, the question should rapidly become how current urban system transport could afford new sustainability costs without scarifying  urban accessibility ?  With growing concerns about climate change and energy prince increase, we are certainly passing from a world of choices to a world of constraints.

According to us,  very little empirical studies  have tried to evaluate a system of transport with holistic perspective of sustainable development in terms of constraints. The article, which  is a first methodological step of a PhD research, is centred on the question of mobility costs, view as the constraints, and try to describe the link between travel behaviour and mobility costs in four French cities. To our knowledge, no empirical studies have compared mobility cost produced by different French cities. The aim of this paper is to know if in a homogenous context of French cities the urban transport system produces different costs of mobility and if it possible to measure it in quantitative way. In this first step, we don’t try to explain the different  private travel behaviour which characterize each city, but we try to show how these differences influence the cost of urban  mobility.

First part consist of the conceptual framework adopted to define sustainable mobility and the methodology used to answer the questions. The work is based on the use of four household travel survey (Lyon 1995, Bordeaux 1998, Paris 2002, Grenoble 2002). More than 55 000 people describe all the trip that they have made the day before the survey. The environmental and economic costs of each system of transport are calculated from this data.

This is followed by the presentation of the results and more particularly those about pollutant emission and household expenditure which are detailed according to households  localization  and  level of incomes. Secondly, brief analysis comment the main results and deal with the question of the choice of analyse spatial area.   

2. Conceptual framework: assessing sustainable mobility

An agglomeration can be divided in three subsystems (Bonnafous and Puel, 1983, p 44):

· A subsystem of localisation

· A subsystem of social practices and relations
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A subsystem of displacements

Those three subsystems could be linked by the concept of accessibility (Geurs and Ritsema, 2001)  defines as "a local measurement of the facility to reach  place starting from one or several places, for a motivation related to a need and by one or several means of transport" (Bloy and al. 1976)".  We use this schematic conception of city to define our approach of sustainable mobility. We define sustainable mobility at macroscopic level  in a systemic approach with measurements built on the microscopic levels. We define a transport system associated to population given as the set of trips made by the population and the set of infrastructures and services which allow this mobility. This definition can be held at international, national or urban level and for each time period given. 

This system of transport is characterized then via three notions:  those of need, cost and service.


· The needs are defined through a measure of  "mobility". The mobility is at the same time perceived like a satisfaction of a need, the system of transport like a response to a demand, and the generation of a need, the system of transport generated by a demand.

· The costs represent all  the counterparts generated by the system of transport considered. The costs are taken in a multidimensional point of view: the environmental impacts, the monetary costs, the disparities of access are considered. The transport system produces some costs and the way of these costs are afforded influence the transport system.

· The services are defined through a measure of accessibility. Accessibility characterizes the service provides by the system considered, as a finality of the system, it is the level of accessibility required which determines the nature of the system.

Consequently, we measure the sustainability of a system of transport through balance between the concepts of needs, costs and services attached to the system considered.

In this article, we are specially interested in constraints that sustainability could lead, and we will try to determine empirically current cost of urban mobility in four French cities to know if growing interest in climate change have started to change travel behaviour. The main idea of this methodological work is to use individual data to calculate average cost for each city. We try to understand how household choices in localization and transportation influence those costs. 

3. Methodology 

3.1. Data 

This research is based on the exploitation of four household trip survey: Lyon 1995, Bordeaux 1998, Paris 2002 and Grenoble 2002. These survey follow a standard nation wide procedure  supervised by CERTU (CERTU, 1998). Households inquired, who are representative or the area under study, must describe all the trips they have made the day before the survey and precise the reason for moving and the means use. A  socio-economic description of each household is also given and the characteristics of cars are also asked. One of the objectives of this work is to estimate mobility cost at the  macroscopic level by aggregating this individual data .

It is important to notice that only the trip which are inside the study area are taken account, for people who go outside this perimeter we don’t estimate environmental costs. The four selected cities chosen have different size,  the population in Lyon, Bordeaux and Grenoble are quite similar because of difference for study perimeters.

Table 1 Household trip surveys used

	
	Paris (2002)
	Lyon (1995)
	Bordeaux (1998)
	Grenoble (2002)

	
	
	
	
	

	Individuals inquired
	23 656
	13 996
	11 321
	17 254

	Population estimated
	10 049 401
	1 195 131
	801 302
	711 584

	Trips inquired
	82 586
	53 213
	40 406
	67 254

	Trips estimated
	35 160 034
	4 659 777
	2 869 941
	2 782 616

	Study area (km²)
	12 072
	1 057
	1 724
	3 493

	Density (cap/km²)
	832
	1131
	465
	204


3.2. Vehicles description

The first step to estimation pollutant emission is to characterise precisely the private vehicle owned by the household surveyed. The vehicle are described in the survey  by their age, their engine rating and by the fuel which they use. To evaluate pollutant emission is also necessary to know the capacity of the vehicle. The three capacity classes needed to the model are simulated with the data of age, engine rating and fuel use under nation average distribution given by the INRETS studies. With all this information we can create 42 types of car which are used to calculate pollutant emissions (see annex 1).

3.3. Distance, time and speed of trips

Mobility characteristics are calculated as the usual way from the household travel surveys (Gallez,Hivert, 1996, ADEME, 1998). Two set of data are created from the information given for each trips (origin, destination, mode…). In the first one the distance are calculated by GIS on the finest spatial division, the time is the time declared and the speed is the division of the distance by the time. This first set is used to determine the whole time spent by the household in the transport. The second set is used to calculate pollutant emission. As we know the origin and the destination of each trips, we use a traffic model, Davisum, to estimate average speed and distance. The two set are different because for example in the first one we take in transport time, the time to walk to reach a car, whereas we count only the time spent in the car. The second one is more precise to calculate emission and allow to take in consideration the congestion effect but not necessarily to estimate the real time lost in transport by the household.

Table 2 Distance, time and speed for an average (median) trip  (all modes)

	
	Time declared
	Time modelled

	
	Distance (km)
	Time (min)
	Speed (km/h)
	Distance (km)
	Time (min)
	Speed (km/h)

	Lyon
	3,8 (2, 1)
	17,2 (15,0)
	15.4 (11,4)
	3.7 (2.0)
	15,8 (10,0)
	15.1 (14, 1)

	Bordeaux
	5.6 (3.8)
	16,9 (11,0)
	23,3 (17.9)
	6, 1 (4,2)
	14,4 (10,0)
	25,7 (22,2)

	Grenoble
	4,7 (1.7)
	16,2 (10,0)
	17,0 (11,5)
	4.9 (1.7)
	12,8 (10,0)
	20,5 (15,0)

	Paris
	4.9 (1,7)
	17,8 (13,5)
	13,4 (8,0)
	4.9 (1,7)
	17,8 (13,5)
	13,4 (8,00)


Source : : calculated from  Household Travel Survey Lyon 1995, Bordeaux 98, Grenoble 2002 and Paris 2002
The data show important differences: the trips in Bordeaux are longer and faster than in the other cities. Displacements are almost half slower in Paris than in Bordeaux. The Parisians even if they move on shorter distances spend more time in transport than the inhabitants of Bordeaux. The proximity trips are relatively fewer in Bordeaux. The time devoted to daily mobility is more constant than the other parameters.

3.4.  Pollutant emission and consumption

We follow the main hypothesis of the DEED methodology to estimate pollutant emission (ADEME, 1998). CO – carbon monoxide, NOx – nitrogen oxides, VOCs – volatile organic compounds, PM – particulate matter, CO2– carbon dioxide emissions, and fuel consumption are estimated for each motorized trip (public transport and two wheels included).Emission and consumption equations are given by COPERT III (Ntziachristos, Samaras, 2000) and we have made all the calculus under SAS system (SAS institute inc.). This method consider hot and cold emissions for the 42 types of vehicles . By convention, all the emissions are affected to the driver of the vehicle. For each trip,  he model takes into account mean of transport, total distance, distance driven with cold engine, average speed, ambient temperature and occupancy rate (only for public transport). For soft means of transport (walk, cycle) the emissions and consumption are considered as null.

3.5.  Monetary expenditure

To estimate the household expenditure for urban mobility we have used the methodology developed by Gallez (2000, pp 85-112) and (Nicolas and al., 2003). This empirical methodology try to estimate for each household the percentage of income devoted to urban mobility. If the variable costs (fuel, maintenance, parking) could be directly estimated from the data given by the traffic models, fix costs have to be calculated with other data sources. We used the results of the National Household Consumption Survey (INSEE, 2001) to estimate those costs and the National Transport and Communication Survey to determine the share of urban mobility in household mobility.

Table 3 Annual household expenditure by vehicles (euros 2001)

	 
	Paris (2001)
	Lyon (1995)
	Bordeaux (1998)
	Grenoble(2001)

	Purchase
	1 377
	1 333
	1 209
	1 180

	Fuel
	906
	1 233
	1 230
	1 031

	Maintenance
	728
	676
	1 104
	856

	Insurance
	504
	455
	436
	434

	Parking
	217
	257
	169
	161

	Taxes, fees
	48
	58
	30
	42

	Total
	3 780
	4 013
	4 178
	3 705


Table 4 Annual household expenditure by vehicles-kilometres (euros 2001)
	 
	Paris (2001)
	Lyon (1995)
	Bordeaux (1998)
	Grenoble(2001)

	Purchase
	0,123
	0,097
	0,063
	0,082

	Fuel
	0,081
	0,090
	0,064
	0,072

	Maintenance
	0,065
	0,049
	0,057
	0,060

	Insurance
	0,045
	0,033
	0,023
	0,030

	Parking
	0,019
	0,019
	0,009
	0,011

	Taxes, fees
	0,004
	0,004
	0,002
	0,003

	Total
	0,337
	0,291
	0,216
	0,258


Source : : calculated from  Household Travel Survey Lyon 1995, Bordeaux 98, Grenoble 2002 and Paris 2002, National Household  Consumption survey 1995, 2001

4. Results

After this work of calculation based on data from more than 66 000 people, we can compare the environmental and economic costs of mobility between the different cities.

4.1.  Average environmental costs and travel demand

For the environmental costs, we consider pollutants emission and fuel consumption. All the results are given by capita and for a average day of week.

Table 5 Daily pollutants emissions and individual mobility behaviour

	
	Lyon (1995)
	Bordeaux (1998)
	Grenoble (2002)
	Paris (2002)

	
	
	
	
	

	Distance budget (km)
	13,8
	21,5
	19,2
	21,8

	Time budget (min)
	64
	67
	63
	79

	Consumption (gep/cap/day)
	727
	940
	818
	673

	CO2 emissions (g/cap/day)
	1950
	2741
	2402
	1978

	CO emissions (g/cap/day)
	153
	109
	63
	65

	VOC emissions (g/cap/day)
	19
	15
	8
	7

	NOx emissions (g/cap/day)
	15
	21
	14
	8

	VP emissions (g/cap/day)
	0,9
	1, 1
	0,7
	0,6


Source : Household Travel Survey Lyon 1995, Bordeaux 98, Grenoble 2002 and Paris 2002

The analyse of travel behaviour shows that daily individual distance budget is the highest in Paris but quite close from Bordeaux which can be quite surprising when we compare the size of the two towns. Parisians spend everyday  more than fifteen minutes that resident in Grenoble or in  Lyon in transports.

In term of pollutants emissions strong differences have to be noticed between cities. For the local pollutants (CO, VOC, NOx, PM),  emissions are the highest in Lyon, where the survey is the oldest. The nature of the fleet vehicle should explain these differences.

For the consumption and CO2 emission,  Paris and Lyon residents emit less than 40% of Bordeaux resident and 20% for Grenoble resident. Paris is the conurbation that allows to satisfy his needs of mobility with the lowest rate of CO2 emission (1978g/capita/day), on the contrary Bordeaux  is the urban area where the dwellers emit the most of CO2 (2741g/capita/day). The little surprise is that even if Parisian move on average at longer distance, the environmental cost that they produce are lower. The modal share could  explain these differences, in Lyon and Paris the use of public transport allow to reduce emission even if many people who live in suburbs have to drive on longer distance. The first conclude is even in a homogenous context,  environmental costs are very different between the four agglomerations. 

4.2.  Average economics costs

The results on the levels of household monetary expenditure reveal some homogeneity between agglomerations. In average, for their urban and daily mobility the households of the four studied agglomerations spend between 2400 and 2800 euros per year.

Table 6 Annual household expenditure (euros 2001/household)

	
	Paris (2001) 
	Lyon(1995) 
	Bordeaux (1998)
	Grenoble (2001)

	Urban public transport
	339
	203
	61
	70

	Other public transport
	50
	50
	54
	96

	Two wheels
	43
	8
	29
	11

	Personal vehicles urban trips
	2352
	2086
	2441
	2552

	Urban mobility
	2785
	2347
	2584
	2728


In Paris and Lyon where motorization rate are lower, the expenditure for private vehicle are compensated by urban public expenditure.

4.3. Travel demand, mobility cost and access for household by level of income and residence area

First results are the average costs calculated for each system, the question is to know if these averages do not hide strong disparities between household inside a same system.  We try to know which effects can have income and localisation on household cost of mobility.

We have divided each agglomeration  into three concentric circles: center, 1st ring, 2nd ring.  The center corresponds to the historical city of urban area. The 1st ring is composed by all the towns around the historical city, the 2nd ring regroup all the other towns. The household are also divided in three equal levels of income. For the four agglomeration, travel demand, mobility cost and access for nine type of household are analysed in the table 7, 8, 9 and 10.

The need of mobility are measured by number of daily trips, the individual distance budget, the distance covered in private vehicle and public transport. The mobility costs are measured by the individual time budget, the CO2 emission and the expenditure for urban mobility. Accessibility is measured by the motorization rate, the average trip distance, the average time trip, the average speed and the % of income devoted to urban mobility.
The first result is that, in the French context, the differences for mobility costs are higher inside each city than between them. For example, a resident of Grenoble who lives in the centre emit only 1363 g of CO2 a day whereas a resident of Grenoble who live in the second ring will emit more than 3209 g of CO2 a day. In the same time,  the difference between Paris wich is the conurbation that allows to satisfy his needs of mobility with the lowest rate of CO2 emission (1978g/capita/day) and Bordeaux which  is the urban area where the dwellers emit the most of CO2 (2741g/capita/day) are lower. More the households live far from the center more they spend to move and their CO2 emission are important. 
Result show that people who have choice (highest household income) not to try to minimize their mobility costs but to maximize their access to urban amenities. Their % of income devoted to urban mobility are quite low (about 6-7%), they spend most time in transport than the other, they spend more money to satisfy their mobility needs, they move faster  and more often by cars. Their average trip distance is high that shows that they don’t search proximity. Consequently, their CO2 emissions are the highest, and often rich household who live in 2nd ring emit twice more CO2 a day than average household in the agglomeration.

On the other hand, we  note that % of income devoted to urban mobility for household with low income could reach more that 20%. We can assume that many of them could not pay more for urban daily mobility, they are in a logic of minimization. They use more public transport (except in Paris where rich people use  more), they move on shorter distance and more slowly.  Conseqently, their CO2 emission are lower and they spend less to their mobility.

Table 7 Travel demand, mobility cost and access for household in Paris by level of income and residence area

	Paris
	Level income
	Number of resident
	Motorization rate (veh/ household)
	Average income (euros /year/household)
	 Distance Budget (km/cap/ day)
	Time budget (min/cap/ day)
	Vehicle distance (km/ cap/day)
	Public transport distance (km/cap/ day)
	Numbers of daily trips(trips/ cap/day)
	Average trip distance (km)
	Average time trip(min)
	Average speed (km/h)
	CO2 Emission (g/cap/day)
	Urban mobility expenditure (euros/year/ household)
	% of income devoted to urban mobility

	Centre
	Poor
	643 358
	0,29
	13 036
	12,4
	76,1
	2,7
	6,0
	3,5
	3,6
	22,0
	9,8
	453
	873
	6,7%

	
	Middle
	551 980
	0,49
	26 998
	14,3
	79,6
	4,5
	5,7
	3,6
	4,0
	22,1
	10,8
	871
	1 289
	4,8%

	
	Rich
	775 234
	0,80
	63 847
	18,0
	84,5
	7,9
	5,9
	3,7
	4,8
	22,5
	12,8
	1 482
	2 295
	3,6%

	
	All
	1 970 572
	0,54
	37 259
	15,1
	80,4
	5,2
	5,9
	3,6
	4,2
	22,2
	11,3
	975
	1 516
	4,1%

	1st ring
	Poor
	1 535 682
	0,69
	16 495
	15,3
	75,0
	6,3
	4,3
	3,3
	4,7
	22,9
	12,2
	1 126
	1 832
	11,1%

	
	Middle
	1 145 576
	0,96
	29 062
	19,5
	82,4
	9,8
	4,0
	3,5
	5,7
	23,8
	14,2
	1 876
	2 611
	9,0%

	
	Rich
	1 009 395
	1,33
	61 464
	22,5
	85,7
	13,3
	3,9
	3,6
	6,3
	24,0
	15,7
	2 726
	3 952
	6,4%

	
	All
	3 690 653
	0,96
	33 530
	18,6
	80,2
	9,3
	4,1
	3,4
	5,4
	23,5
	13,9
	1 796
	2 679
	8,0%

	2nd ring
	Poor
	1 735 327
	1,04
	18 194
	22,4
	71,3
	13,3
	4,5
	3,3
	6,9
	21,8
	18,8
	1 810
	2 708
	14,9%

	
	Middle
	1 420 992
	1,32
	31 421
	27,6
	77,9
	18,1
	4,6
	3,4
	8,1
	22,8
	21,3
	2 665
	3 621
	11,5%

	
	Rich
	1 231 857
	1,69
	64 014
	34,7
	88,3
	23,6
	5,6
	3,6
	9,6
	24,3
	23,6
	3 576
	5 015
	7,8%

	
	All
	4 388 176
	1,32
	36 360
	27,5
	78,2
	17,7
	4,8
	3,4
	8,1
	22,9
	21,1
	2 582
	3 684
	10,1%

	All area
	Poor
	3 914 367
	0,74
	16 403
	18,0
	73,6
	8,8
	4,6
	3,3
	5,4
	22,3
	14,7
	1 318
	1 961
	12,0%

	
	Middle
	3 118 548
	1,00
	29 539
	22,3
	79,8
	12,6
	4,6
	3,5
	6,4
	23,1
	16,8
	2 057
	2 722
	9,2%

	
	Rich
	3 016 486
	1,36
	63 124
	26,3
	86,5
	16,1
	5,1
	3,6
	7,2
	23,7
	18,3
	2 753
	3 854
	6,1%

	
	All
	10 049 401
	1,04
	35 546
	21,8
	79,4
	12,2
	4,8
	3,5
	6,3
	23,0
	16,5
	1 978
	2 785
	7,8%


 Source: Household Travel Survey Paris 2001
Table 8 Travel demand, mobility cost and access for household in Lyon by level of income and residence area

	Lyon
	Level income
	Number of resident
	Motorization rate (veh/ household)
	Average income (euros /year/household)
	Distance Budget (km/cap/ day)
	Time budget (min/cap /day)
	Vehicle distance (km/ cap/day)
	Public transport distance (km/cap/ day)
	Numbers of daily trips(trips/cap/day)
	Average trip distance (km)
	Average time trip(min)
	Average speed (km/h)
	CO2 Emission (g/cap/day)
	Urban mobility expenditure (euros/year/ hsld))
	% of income devoted to urban mobility

	Centre
	Poor
	176 544
	0,60
	12085
	9,5
	67,7
	5,4
	3,0
	3,9
	2,5
	17,4
	8,4
	1 022
	1 231
	9,4%

	
	Middle
	169 493
	0,86
	22719
	11,2
	68,3
	7,5
	2,6
	4,0
	2,8
	16,9
	9,8
	1 513
	1 617
	6,6%

	
	Rich
	184 128
	1,33
	51096
	11,3
	64,1
	8,4
	1,9
	4,2
	2,7
	15,1
	10,6
	1 693
	2 738
	5,0%

	
	All
	530 166
	0,93
	28711
	10,7
	66,6
	7,1
	2,5
	4,1
	2,6
	16,4
	9,6
	1 412
	1 852
	6,0%

	1st ring
	Poor
	112 077
	0,93
	15985
	11,2
	61,6
	6,9
	3,3
	3,7
	3,0
	16,8
	10,9
	1 441
	1 970
	11,4%

	
	Middle
	81 204
	1,13
	24296
	13,1
	64,9
	9,7
	2,7
	3,7
	3,5
	17,4
	12,1
	1 937
	2 248
	8,6%

	
	Rich
	93 504
	1,67
	52321
	16,9
	69,5
	14,4
	2,0
	4,2
	4,1
	16,6
	14,6
	2 794
	3 967
	7,0%

	
	All
	286 785
	1,24
	30754
	13,6
	65,1
	10,1
	2,7
	3,9
	3,5
	16,9
	12,5
	2 023
	2 717
	8,2%

	2nd ring
	Poor
	131 622
	1,24
	18501
	15,2
	59,7
	11,2
	2,9
	3,9
	3,9
	15,4
	15,3
	1 971
	2 259
	11,3%

	
	Middle
	129 140
	1,45
	27704
	17,9
	57,1
	14,9
	2,2
	4,0
	4,5
	14,4
	18,8
	2 623
	2 620
	8,8%

	
	Rich
	117 418
	1,86
	53023
	22,4
	64,5
	19,9
	2,0
	4,2
	5,3
	15,2
	20,8
	3 437
	4 127
	7,2%

	
	All
	378 181
	1,51
	33216
	18,4
	60,3
	15,2
	2,4
	4,0
	4,6
	15,0
	18,3
	2 649
	2 988
	8,3%

	All area
	Poor
	420 243
	0,84
	14661
	11,7
	63,6
	7,6
	3,1
	3,8
	3,1
	16,6
	11,1
	1 431
	1 667
	10,5%

	
	Middle
	379 838
	1,08
	24419
	13,9
	63,8
	10,5
	2,5
	4,0
	3,5
	16,1
	13,0
	1 981
	2 030
	7,7%

	
	Rich
	395 051
	1,55
	51882
	15,9
	65,5
	13,2
	2,0
	4,2
	3,8
	15,5
	14,6
	2 472
	3 384
	6,0%

	
	All
	1 195 131
	1,15
	30365
	13,8
	64,3
	10,4
	2,5
	4,0
	3,5
	16,1
	12,9
	1 950
	2 348
	7,2%


Source: Household Travel Survey Lyon 1995
Table 9 Travel demand, mobility cost and access for household in Bordeaux by level of income and residence area

	Bordeaux
	Level income
	Number of resident
	Motorization rate (veh/household)
	Average income (euros /year/household)
	 Distance Budget (km/cap/day)
	Time  budget (min/cap/day)
	Vehicle distance (km/ cap/day)
	Public transport distance (km/cap/ day)
	Numbers of daily trips(trips/cap/day)
	Average trip distance (km)
	Average time trip(min)
	Average speed (km/h)
	CO2 Emission (g/cap/ day)
	Urban mobility expenditure (euros/year/ hsld))
	% of income devoted to urban mobility

	Centre
	Poor
	73 018
	0,58
	7 811
	13,8
	76,3
	8,0
	3,8
	3,7
	3,7
	20,4
	10,8
	1 551
	932
	11,5%

	
	Middle
	54 513
	1,01
	21 537
	14,6
	71,3
	10,7
	2,1
	3,8
	3,9
	18,9
	12,3
	1 880
	1 652
	7,4%

	
	Rich
	60 411
	1,32
	45 062
	17,3
	75,2
	14,5
	1,3
	4,0
	4,3
	18,6
	13,8
	2 474
	2 374
	5,1%

	
	All
	187 942
	0,91
	22 991
	15,1
	74,5
	10,9
	2,5
	3,8
	3,9
	19,4
	12,2
	1 943
	1 554
	6,5%

	1st ring
	Poor
	130 055
	0,98
	10 367
	16,3
	63,2
	12,0
	2,9
	3,3
	4,9
	18,9
	15,5
	2 054
	1 693
	15,7%

	
	Middle
	164 759
	1,46
	24 694
	19,2
	62,2
	16,4
	1,5
	3,4
	5,7
	18,4
	18,5
	2 534
	2 757
	10,7%

	
	Rich
	139 821
	1,65
	46 525
	22,5
	68,9
	20,4
	1,2
	3,7
	6,0
	18,5
	19,6
	3 270
	3 447
	7,1%

	
	All
	434 636
	1,37
	28 130
	19,4
	64,7
	16,4
	1,8
	3,5
	5,6
	18,6
	18,0
	2 627
	2 653
	9,1%

	2nd ring
	Poor
	44 198
	1,43
	12 669
	26,3
	57,9
	22,4
	2,1
	3,2
	8,2
	18,1
	27,2
	2 731
	2 986
	22,7%

	
	Middle
	76 134
	1,68
	26 450
	33,0
	61,6
	29,5
	1,9
	3,5
	9,3
	17,4
	32,1
	3 730
	3 906
	14,2%

	
	Rich
	58 393
	1,87
	50 395
	39,8
	75,5
	36,0
	1,7
	3,8
	10,4
	19,8
	31,6
	4 881
	4 787
	9,1%

	
	All
	178 724
	1,69
	32 707
	33,5
	65,2
	29,8
	1,9
	3,5
	9,5
	18,4
	30,8
	3 859
	4 013
	11,8%

	All area
	Poor
	247 271
	0,89
	9 629
	17,3
	66,1
	12,7
	3,0
	3,4
	5,0
	19,3
	15,7
	2 026
	1 573
	15,7%

	
	Middle
	295 406
	1,41
	24 409
	21,9
	63,7
	18,7
	1,7
	3,5
	6,3
	18,2
	20,6
	2 722
	2 769
	10,9%

	
	Rich
	258 625
	1,61
	46 938
	25,2
	71,9
	22,5
	1,3
	3,8
	6,6
	18,8
	21,0
	3 448
	3 439
	7,1%

	
	All
	801 302
	1,30
	27 487
	21,5
	67,1
	18,1
	2,0
	3,6
	6,0
	18,7
	19,3
	2 741
	2 589
	9,1%


Source: Household Travel Survey Bordeaux 1998
Table 10 Travel demand, mobility cost and access for household in Grenoble by level of income and residence area

	Grenoble
	Level income
	Number of resident
	Motorization rate (veh/household)
	Average income (euros /year/household)
	 Distance Budget (km/cap/day)
	Time budget (min/cap/day)
	Vehicle distance (km/ cap/day)
	Public transport distance (km/cap/day)
	Numbers of daily trips(trips/cap/ day)
	Average trip distance (km)
	Average time trip(min)
	Average speed (km/h)
	CO2 Emission (g/cap/day)
	Urban mobility expenditure (euros/year/ hsld)
	% of income devoted to urban mobility

	Centre
	Poor
	31 071
	0,63
	9 081
	11,4
	70,9
	5,8
	3,7
	4,0
	2,9
	17,8
	9,6
	937
	996
	11,0%

	
	Middle
	21 787
	0,90
	21 167
	13,8
	68,7
	8,8
	2,9
	3,8
	3,7
	18,2
	12,0
	1 463
	1 570
	7,4%

	
	Rich
	23 400
	1,22
	44 844
	15,1
	70,4
	12,1
	1,4
	4,3
	3,6
	16,6
	12,9
	1 859
	2 289
	5,1%

	
	All
	76 258
	0,89
	23 446
	13,2
	70,1
	8,5
	2,8
	4,0
	3,3
	17,5
	11,3
	1 363
	1 557
	6,6%

	1st ring
	Poor
	31 508
	0,97
	11 999
	14,2
	61,2
	10,2
	2,9
	3,8
	3,7
	16,0
	13,9
	1 737
	1 821
	15,2%

	
	Middle
	30 183
	1,38
	25 407
	15,7
	65,6
	12,6
	2,0
	4,1
	3,9
	16,2
	14,4
	2 218
	2 674
	10,5%

	
	Rich
	29 614
	1,61
	50 614
	18,5
	68,7
	15,4
	2,1
	4,3
	4,3
	16,1
	16,2
	2 756
	3 669
	7,3%

	
	All
	91 305
	1,32
	29 965
	16,1
	65,1
	12,6
	2,3
	4,0
	4,0
	16,1
	14,8
	2 223
	2 702
	9,0%

	2nd ring
	Poor
	41 363
	1,52
	15 791
	21,0
	54,5
	17,2
	2,5
	3,6
	5,7
	14,9
	23,1
	2 356
	2 901
	18,4%

	
	Middle
	45 654
	1,53
	26 670
	23,5
	58,7
	20,4
	1,9
	3,8
	6,3
	15,6
	24,0
	2 988
	3 146
	11,8%

	
	Rich
	40 654
	1,79
	50 702
	28,0
	63,7
	25,5
	1,7
	4,0
	7,0
	16,0
	26,4
	3 707
	4 355
	8,6%

	
	All
	127 671
	1,61
	31 680
	23,9
	58,7
	20,8
	2,1
	3,8
	6,3
	15,5
	24,5
	2 976
	3 452
	10,9%

	All area
	Poor
	103 941
	1,09
	12 402
	16,7
	60,4
	12,4
	2,9
	3,8
	4,4
	16,0
	16,6
	1 836
	2 004
	16,2%

	
	Middle
	97 624
	1,35
	24 883
	19,2
	62,7
	15,8
	2,1
	3,9
	5,0
	16,3
	18,4
	2 468
	2 648
	10,6%

	
	Rich
	93 668
	1,59
	49 195
	22,2
	66,8
	19,4
	1,8
	4,1
	5,4
	16,1
	20,0
	3 012
	3 622
	7,4%

	
	All
	295 234
	1,33
	28 831
	19,2
	63,1
	15,7
	2,3
	3,9
	4,9
	16,1
	18,3
	2 402
	2 730
	9,5%


Source: Household Travel Survey Grenoble 2001

5. Discussions

A fine description of the mobility  behaviours mobility of the four agglomerations brings interesting results on the various levels of CO2 emission and monetary expenditure measured. Analyse of results has not yet been finished but few remarks could start discussion .

First results make  possible to confirm internal differences already measured in French agglomerations (Hivert, 1994, 1998; Gallez, 1995, Fouchier, 1997). Central zones with high density know a mobility made up with short trips, a modal share in favour of  soft modes and public transport, car trips with  low speed (congestion) and finally relatively low level of CO2 emissions. The area far for centre with low density know the opposite situation. The  first question was to know which urban size has to be selected to compare cities and if finally it make sense to compare city with different size ? 
5.1.  Scale of studies: does it make sense to compare different cities?

The four cities compared can be qualified as monocentric, density population is maximum in the center and decrease from center to suburbs. To compare these four systems of transport, we propose to calculate the CO2 emissions per capita by the distance of the center, every kilometers for the first ten kilometers, every two kilometers between the tenth and the twentieth kilometers, then every 5 kilometers. Emissions are  cumulated, we estimate how much all the people who live between the center and a particular distance emit CO2. For example, on the graph for distance 10, we divide all the pollutant emissions emitted by the inhabitants residing at less than 10 km of the center by the number of inhabitants in this zone.


Then each point represents the individual level of CO2 emission which would correspond to the calculations carried out on a given perimeter. This representation classifies the agglomerations between them and clarifies simultaneously the effect of the center distance on the emissions levels. The emissions described in the total results (table 5). correspond to the last points of each curve. Paris seems there having emissions slightly higher than that of Lyon. The graph shows in what the values of emissions are correlated with the definition of study perimeter. the emissions on Paris are systematically lower than those of Lyon what total measurement ( table 5) did not make it possible to note. 

We suggest systematically carrying out this type of representation for all comparisons between on the environmental impacts related to urban mobility. It allows to compare cities in French context with less issues related to study perimeters and show clearly that city have different environmental costs.  

5.2. Environmental costs: technology, length and speed effect

Years of studies are not the same  for the four agglomeration and it is necessary to take account technology change to give sense to comparison. With our data we can compare the evolution of unit pollutant emission between 1995 and 2001 (appendix 1 shows the changes of car fleet). Data show that for local pollutant (CO, VOC, NOX, PM), the decrease of emission by veh-km is quite important. The European norms (Euro I, Euro II, Euro III,…) which fix emission values to be respected by  car manufacturers, have permitted to improve eco-efficiency.

Table 11 Pollutant emission by veh-km (g/veh-km)

	
	Lyon 1995
	Bordeaux 1998
	Paris 2001
	Grenoble 2001

	Consumption
	78
	68
	66
	67

	CO2
	210
	198
	192
	198

	CO
	16,5
	7,9
	5,0
	6,5

	VOC
	2,05
	1,10
	0,66
	0,70

	NOX
	1,64
	1,49
	1,09
	0,77

	PM
	0,09
	0,08
	0,06
	0,06


Those results explain why in Lyon local pollutants (table 5) emissions are higher in Lyon.  For fuel consumption and CO2 emission norms did not exist, and the progresses are less clear. If motor engine became increasingly effective, household wants always heavier  vehicles: with climax, more space, more safety equipments…. Moreover, no new technology seems ready to strongly reduce CO2 emission. Even if household bought hybrid vehicle (approximately 110g CO2/veh-km for an average car) it will last more than 10 years to reduce by 2, CO2 emissions, if the travel demand stay at the same level. So technology could not be considered as a solution to reduce CO2 emissions. As unit emission of CO2 are quite similar in the four cities, we use it to compare the effect of trip length and speed on emission level.

In the Table 12, we have divided all the trips in private vehicle in seven classes of distance for the agglomeration of Paris and Grenoble. The shortest trip (<2,5 km) are the most numerous the slowest and the least eco-efficient (measured as CO2 (g/km)) but represent only a small part of total CO2 emissions. On the contrary, the longest trips (>20 km) are the fastest, the most eco-efficient but even if they are not very numerous they represent nearly 30% of total CO2 emissions.

 Table 12 Speed and CO2 emission (Trips in private vehicle only)

	
	Grenoble
	Paris

	Class trips
	Trips (%)
	CO2 (%)
	V (km/h)
	CO2(g/km)
	Trips (%)
	CO2 (%)
	V (km/h)
	CO2(g/km)

	<2,5 km
	43
	14
	13
	313
	33
	9
	11
	342

	2,5-5 km
	13
	10
	30
	219
	20
	13
	18
	282

	5-7,5 km
	11
	11
	37
	195
	11
	11
	22
	254

	7,5-10 km
	7
	8
	44
	179
	8
	10
	25
	235

	10-15 km
	9
	14
	46
	171
	11
	17
	29
	212

	15-20 km
	6
	13
	52
	160
	6
	12
	33
	188

	>20 km
	10
	29
	56
	146
	11
	29
	39
	151

	Ensemble
	100
	100
	29
	179
	100
	100
	21
	204


With these data, we see that even we could change modal choice for all the shortest trip, CO2 emission would not be strongly decreased.  In the same kind of idea, speed management could not be the only solution to reduce directly CO2 emissions. The numbers show that unit CO2 emission decrease with speed in urban condition, it means that congestion increase pollution. But in the same time congestion make public transport attractive, and reduce travel demand.

Under these conditions, the only way to reduce CO2 emission is to reduce travel demand in private vehicle.

5.3.  Increasing mobility cost and household disparities: 

We are face of new issues related to sustainability: the objective of environmental preservation could increase social inequity. It seems to exist a consensus on necessity to reduce environmental cost of urban mobility quite quickly. To develop coherent urbanism, public transport, pedestrian and bike friendly area take long time and require important expenditure and public action. Technology progresses are efficient for local pollutant (CO, NOx, COV,PM) but  for the moment CO2 emission are still increasing and it seems hard to make real progress quickly. Economic efficacy and environmental preservation criterion justify to increase mobility tax (congestion charge, parking fees, fuel taxes,..): the well-off household consume more transport activity and emit more CO2.  As we have seen in table 7 to table 10, well-off household do not optimise their choice of localisation to reduce environmental cost of their mobility and prefer to maximize their access to urban amenities. Signal price, by internalising environmental costs, could change behaviour and funds collected could be invested in public transport or green technology.  But because of car dependency, some household would lost most of their accessibility if mobility taxes grow. Some household with few income who live in suburbs spend sometimes more than 20% of their income in their mobility. If mobility tax increase , the risk exists that to  decrease their expenditure in housing those household will live still further from the center, or to reduce their transportation expenditure by buying older car more pollutant. It seems necessary during the period where mobility cost will increase to help these household.

In the French context an other risk is to reinforce spatial income distribution polarization. As we can see   in Paris case (table 7), the rich household live in the center of agglomeration where access to amenities are the best, due to a good public transport system. If costs for private mobility trips increase, by more mobility taxes or speed reduction, household would live closer to the center. Segregation could be a consequence of growing concern about climate change.  

Conclusion

The first result of this methodological paper is that it is  possible to determine quite precisely the cost of mobility attached to an urban system of transport without too many methodological bias. The household travel survey traffic model (here those used by the French ministry of transport), the model of pollutant emission (the European model COPERT III), the economic data extracted for each city allow such determination in a quite homogenous context. 

The numbers show that if current household monetary expenditure for mobility are quite similar in the four cities, differences are important for environmental costs, more especially for CO2 emissions. We proposed a methodology that allows to classify agglomeration.  Inside agglomerations, urban sprawl explain differences measured. The result also show disparities between household, on the one hand, well-off household try to maximize access to urban amenity, on the other hand some household with low income level try to reduce mobility expenditure.  The high levels of CO2 emission and the growing concern about global warming should lead to increase monetary cost of mobility. The main challenge for public policies to reach sustainable urban  mobility will be to reduce environmental mobility costs without sacrificing accessibility of one part of dwellers.

References

ADEME,, 1998, Emissions de polluants et consommation liées à la circulation routière. Paramètres déterminants et méthodes de quantifications. Paris : ADEME, 112 p.

CERVERO R., KOCKELMAN K. 1997, Travel demand and the 3Ds: Density, Diversity and Design. Transport Research D, vol. 2, pp. 199-219.

FOUCHIER V., 1997, Les densités urbaines et le développement durable. Le cas de l'Ile-de-France et des villes nouvelles, Paris : Edition du SGVN (Secrétariat Général du Groupe Central des Villes Nouvelles), 212 p.

GALLEZ C., HIVERT L., 1998, BEED: mode d'emploi. Synthèse méthodologique pour les études "budget-énergie-environnement des déplacements". Rapport INRETS n°690-9306-RB. Paris: ADEME-INRETS, 1998, 86 p.

GALLEZ C., 1995, Budgets Energie Environnement des Déplacements (BEED) en Ile-de-France. Analyse de la dépense énergétique et des émissions de polluantes liées à la mobilité des franciliens. Arcueil: INRETS, 110 p.

GIORGI L., 2003, Sustainable mobility. Challenges, opportunities and conflicts – a social science perspective. International Social Science Journal,volume 55, n°176, pp 179-184
GORDON P., RICHARDSON H.W,1997, Are compacties a desirable planning goal ? Journal of the American Planning Association 63 (1), pp 95-106

HANDY S., 2005, Critical assessment of the litterature on the relation-ship among transportation, land use and physical activities. Ressource paper for TBR Special Report 282. Washington DC.

HIVERT L., 1994, Budget Energie-Pollution. Bilan de la mobilité des ménages de l'agglomération grenoblois. Arcueil: INRETS, 98 p.

HIVERT L., 1998, Budgets Energie Environnement des Déplacements (BEED) dans l'agglomération bordelaise. Arcueil: INRETS, 95 p.

KAUFFMAN V., 2000, Mobilité quotidienne et dynamiques urbaines. Lausanne: Presses polytechniques et universitaires romandes, 252 p. 

MINDALY O., RAVEH A., SALOMON I., 2004,  Urban density and energy consumption: a new look at old statistics. Transportation Research Part A 38, pp 143-162

NEWMAN P. W. G., KENWORTHY J. R., 1989, Gasoline consumption and cities: a comparison of U.S. cities with a global survey, Journal of the American Planning Association, 55 (1), pp. 24-37 

NEWMAN P. W. G., KENWORTHY J. R., 1998, Sustainability and cities - Overcoming automobile dependence, Washington D.C., Island Press.
NICOLAS J.-P, POCHET P., POIMBOEUF H., 2003, Towards sustainable mobility indicators : application to the Lyons conurbation. Transport policy, 10, 197-208.

NICOLAS J.-P, POCHET P., POIMBOEUF H., 2001, Indicateurs de mobilité durable : application à l'agglomération de Lyon, méthodes et résultats. LET-APDD Lyon, LET: 237 p.

Disponible sur http://www.ish-lyon.cnrs.fr/let/francais/indexpub.htm en juin 2005 
NTZIACHRISTOS L., . SAMARAS Z.., 2000, Copert III Computer programme to calculate emissions from road transport. Technical report n°69. Agence Européenne de l'Environnement, 86 p. 

Disponible sur http://reports.eea.eu.int/Technical_report_No_49/en/tab_content_RLR (janvier 2006)

POUYANNE G., 2004, Forme urbaine et mobilité quotidienne. Thèse de Doctorat de Sciences Economiques Université Montesquieu-Bordeaux IV, 307p .

VAN de COEVERING P., SCHWANEN T, 2006, Re-evaluating the impact of urban form on travel patterns in Europe and North –America. Transport policy 13, pp 229-239

Appendix

Appendix  1 : Vehicles owned and used by household

n.v: number of vehicles





p.s: % vehicles (static)

p.d:  % vehicles-km (dynamic)

CO2: CO2 emissions (g/km)

	
	Lyon (1995)
	Bordeaux (1998)
	Grenoble (2002)
	Paris (2002)

	Classes véhicules
	n.v
	p.s
	p.d.
	CO2
	n.v
	p.s
	p.d.
	CO2
	n.v
	p.s
	p.d.
	CO2
	n.v
	p.s
	p.d.
	CO2

	VP ess. <1,4l Pre ECE
	1817
	0,3
	0,2
	246
	464
	0, 1
	0,2
	183
	722
	0,2
	0, 1
	174
	11632
	0,3
	0, 1
	159

	VP ess. <1,4l ECE 15/01
	7348
	1,2
	1,0
	216
	5591
	1,6
	1,4
	161
	706
	0,2
	0, 1
	136
	10001
	0,2
	0, 1
	123

	VP ess. <1,4l ECE 15/02
	13014
	2, 1
	1,2
	192
	1782
	0,5
	0,5
	154
	982
	0,3
	0, 1
	161
	9322
	0,2
	0, 1
	181

	VP ess. <1,4l ECE 15/03
	74191
	12,0
	10, 1
	192
	23942
	6,9
	5,9
	146
	9095
	2,4
	1,2
	149
	88037
	2,0
	1,3
	148

	VP ess. <1,4l ECE 15/04
	175695
	28,4
	26,6
	176
	60636
	17,4
	16,2
	149
	56462
	14,8
	10,7
	149
	542944
	12,2
	9,0
	146

	VP ess. <1,4l Euro I
	36150
	5,9
	5,9
	218
	48525
	13,9
	11,3
	171
	39080
	10,2
	8,6
	172
	476318
	10,7
	8,8
	193

	VP ess. <1,4l Euro II
	0
	0,0
	0,0
	0
	22105
	6,3
	5,5
	179
	47202
	12,4
	11,0
	174
	562376
	12,7
	10,8
	195

	VP ess. <1,4l Euro III
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	7401
	1,9
	1,9
	167
	125945
	2,8
	3,0
	184

	VP ess. <1,4l Euro IV
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0

	VP ess. 1,4 à 2l Pre ECE
	650
	0, 1
	0,0
	0
	262
	0, 1
	0, 1
	192
	465
	0, 1
	0,0
	198
	4296
	0, 1
	0, 1
	273

	VP ess. 1,4 à 2l ECE 15/01
	925
	0,2
	0, 1
	276
	555
	0,2
	0,2
	208
	150
	0,0
	0,0
	273
	5016
	0, 1
	0,0
	263

	VP ess. 1,4 à 2l ECE 15/02
	1988
	0,3
	0,2
	262
	1003
	0,3
	0,2
	170
	759
	0,2
	0,0
	156
	6909
	0,2
	0,0
	202

	VP ess. 1,4 à 2l ECE 15/03
	20544
	3,3
	3,3
	251
	10069
	2,9
	2,3
	185
	3655
	1,0
	0,7
	180
	44770
	1,0
	0,4
	223

	VP ess. 1,4 à 2l ECE 15/04
	87427
	14,2
	12,7
	231
	30900
	8,9
	8,2
	186
	21081
	5,5
	3,9
	182
	309273
	7,0
	5,0
	182

	VP ess. 1,4 à 2l Euro I
	19523
	3,2
	3, 1
	303
	16538
	4,7
	3,9
	227
	14939
	3,9
	3,2
	218
	231771
	5,2
	4,6
	254

	VP ess. 1,4 à 2l Euro II
	0
	0,0
	0,0
	0
	11015
	3,2
	2,4
	238
	18174
	4,8
	4,7
	232
	279474
	6,3
	6,0
	256

	VP ess. 1,4 à 2l Euro III
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	4941
	1,3
	1,4
	221
	68293
	1,5
	1,4
	255

	VP ess. 1,4 à 2l Euro IV
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0

	VP ess. >2l Pre ECE
	428
	0, 1
	0,0
	462
	0
	0,0
	0,0
	0
	86
	0,0
	0,0
	.
	4753
	0, 1
	0, 1
	322

	VP ess. >2l ECE 15/01
	381
	0, 1
	0,0
	373
	0
	0,0
	0,0
	0
	150
	0,0
	0,0
	325
	770
	0,0
	0,0
	0

	VP ess. >2l ECE 15/02
	331
	0, 1
	0,0
	402
	0
	0,0
	0,0
	0
	26
	0,0
	0,0
	.
	1550
	0,0
	0,0
	124

	VP ess. >2l ECE 15/03
	3286
	0,5
	0,3
	343
	773
	0,2
	0,4
	225
	372
	0, 1
	0,0
	281
	7608
	0,2
	0,0
	148

	VP ess. >2l ECE 15/04
	7336
	1,2
	1,2
	344
	870
	0,3
	0,4
	232
	2676
	0,7
	0,5
	221
	36601
	0,8
	0,6
	241

	VP ess. >2l Euro I
	3006
	0,5
	0,4
	390
	1458
	0,4
	0,3
	304
	1319
	0,4
	0,4
	281
	28099
	0,6
	0,4
	327

	VP ess. >2l Euro II
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	1528
	0,4
	0,3
	252
	32568
	0,7
	0,7
	340

	VP ess. >2l Euro III
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	236
	0, 1
	0,0
	233
	8343
	0,2
	0,2
	381

	VP ess. >2l Euro IV
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0

	VP diesel <2l conv.
	86332
	14,0
	17,7
	247
	24139
	6,9
	7,7
	183
	33072
	8,7
	9,4
	170
	295350
	6,6
	6,7
	187

	VP diesel <2l Euro I
	36831
	6,0
	8,2
	215
	29774
	8,5
	11,0
	168
	29921
	7,8
	10, 1
	159
	304550
	6,9
	7,9
	162

	VP diesel <2l Euro II
	0
	0,0
	0,0
	0
	11648
	3,3
	4,8
	170
	36960
	9,7
	13,3
	158
	404190
	9, 1
	12,4
	158

	VP diesel <2l Euro III
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	13237
	3,5
	4,9
	159
	144919
	3,3
	5,4
	162

	VP diesel <2l Euro IV
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0, 1
	139

	VP diesel >2l conv.
	31798
	5,2
	5,2
	250
	35282
	10, 1
	13,5
	178
	1071
	0,3
	0,2
	170
	97643
	2,2
	2,2
	195

	VP diesel >2l Euro I
	8896
	1,4
	2,3
	216
	5918
	1,7
	2,0
	168
	17372
	4,6
	4,7
	163
	96736
	2,2
	2,3
	169

	VP diesel >2l Euro II
	0
	0,0
	0,0
	0
	3980
	1, 1
	1, 1
	173
	10999
	2,9
	3,6
	162
	127494
	2,9
	4,4
	169

	VP diesel >2l Euro III
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	3238
	0,9
	1, 1
	154
	57449
	1,3
	2,0
	156

	VP diesel >2l Euro IV
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0

	VP GPL conv.
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	3761
	0, 1
	0, 1
	.

	VP GPL Euro I
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	1893
	0,5
	0,6
	152
	5693
	0, 1
	0, 1
	.

	VP GPL Euro II
	0
	0,0
	0,0
	0
	2068
	0,6
	0,6
	167
	1397
	0,4
	0,5
	155
	11571
	0,3
	0,4
	.

	VP GPL Euro III
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	265
	0, 1
	0, 1
	154
	953
	0,0
	0,7
	.

	VP GPL Euro IV
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0
	0
	0,0
	0,0
	0

	Total parc enquêté
	617896
	100
	100
	218
	349297
	100
	100
	174
	381631
	100
	100
	171
	4446978
	100
	100
	215
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Figure 1 Urban system divided in three subsystems





Figure 2 Transport system defined with the notion of need, service and cost
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Daily CO2 emissions (g/cap/day) by  center distance  of residence
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