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Abstract

This paper compares job-access levels by cars and public transports on the Strasbourg area. A gravity accessibility index based on job density and generalised costs is coupled to a GIS representing car and public transport networks to measure accessibility. Results underline a job-access level often higher by cars than by public transports, in spite of a car-restriction policy in the centre. Nevertheless job-access cartographic representation highlights the importance of some public transports high-speed lines to compete with cars. Whatever the mode considered, the most accessible zones are located in the centre. 
1 Introduction

Since the 19th century European cities have never stopped growing outward. The dense and intensive cities have been transformed into multipolar cities. Jobs and population are therefore located in different suburban areas. These new urban forms generate a spatial mismatch phenomenon and its corollary a travel demand increase. Note that a decrease of generalized travel costs rather than a lifestyle evolution has mainly impacted the urban spread. Consequently there is a vicious circle between urban spread, generalized travel costs and car travel demand. Both massive motorization and high-speed road constructions have allowed reaching more and more locations. Jobs located in suburbs can easily be accessible by car and distance is no more considered as a frontier. Distances are no more spatial but temporal. Yet spatial mismatch can be overcome.

Nevertheless suburbanisation and car travel demand made cities be confronted with congestion and pollution. Regarding these problems the speed issue has to be addressed. How to reduce automobile use without restricting individual utility? How to overcome spatial mismatch without car intensive use? Are time earnings compatible with a car-restricting policy? Are public transports able to provide an access level equal to the car one? Literature on congestion issue highlights that traffic fluidity is higher when speeds are homogenous than high. Downs and Thomson (1962, 1977) have proved that car and public transports generalized travel costs tend to balance in dense urban areas. Mogridge (1997) adds that an increase of roads make congestion decrease but only at short term. In long term a balance between speeds of different modes is observed. 

Following these comments, transport policies develop public transports to the detriment of cars. In France many cities have developed a public transport oriented policy with tram lines implementation. This tram network is often inside town-center but in some cases it also links suburbs to center. Strasbourg is one of the main examples. The policy implemented in Strasbourg has made public transport predominant in central area with the implementation of a first tram-line in 1994 (other tram-lines have been implemented in 1998). It aims at increasing accessibility by public transports in order to avoid car travels in town center. 

This paper seeks to compare job-access levels by cars and public transports after the first tram line implementation in 1994. This research based on a GIS-analysis has a double objective. First, it constitutes an application of a gravity-based indicator. It develops job-access measures considering a fine zonal grid and a differentiation between mode users. The second objective is to test the two different alternatives proposed by policymakers to workers located in Strasbourg : car travel versus public transport travel. Transport policy is based both on higher access-levels for public transport and a car-restriction in town-center. But is the first tram line really sufficient to made public transports competitive with car?

Therefore the paper is organized in four sections. An introduction of the research constitutes the first section. The second section justifies the choice of Strasbourg as a case study. It insists on daily and residential mobility and on transport policy specificities. The third section explains the choice of a gravity accessibility measure. It also presents GIS implementation and hypothesis on data modeling. The fourth section reports the main job-access results. 

2 study area

The city of Strasbourg, located near the German border (see Figure 1) is the French 7th City. Its population is estimated at 264 115 inhabitants (1999 Census) located on 78 square kilometers. Strasbourg is built according to a center-periphery model with an inner core of 11 square kilometers, represented in maps by the tram line station “Homme de Fer”, and suburbs. 


There are two reasons for selecting Strasbourg (and its adjacent city Illkirch-Graffestaden). The first is that Strasbourg is one of the first French cities which introduced a tram line in 1994. The second is that the transport policy is public transport-oriented. 

2.1 Spatial distribution of population and jobs

Figure 4 represents the density of population and jobs. It shows a spatial pattern of population and a pattern of jobs almost similar. To be more accurate, the population mainly resides both in central and in eastern zones while jobs are concentrated in the inner core. Indeed 24.5% of jobs but only 9% of population are located in the Centre area. Nevertheless job density sharply drops when moving away from central zones to suburbs. Spatial distribution of population is the result of the city transformations and housing policies. Job distribution is mainly linked to the weight of the tertiary sector mainly centralized within the inner core. Industrial activity areas are nevertheless located in the eastern zone of Strasbourg. 

2.2 A public transport-oriented policy

The policy in favor of public transports has been implemented since the nineties to revitalize the city core. The opening of the first tram line in 1994 can be seen as the symbol of this policy. The first section of tram line A, represents 80% of the actual line length (the second section was implemented in 1998). It crosses the city from north to south on 9.6 km and links 18 stations (see 

Figure 3
). The tram serves facilities (hospital, railway station, commercial center, and tourist places…) with an operating speed of 20 km/h.

Concurrently to the implementation of the tram, the bus network has been improved with the creation of new bypass lines, the extension of existing lines and an improvement of frequencies. This reorganization allowed an increase of 20% of kilometer bus between 1992 and 1995.

The development of public transports has been reinforced by a policy restricting the importance of cars in the city center. The first measures to limit cars in the city center were applied in the nineties with the end of the transit traffic. The traffic has been therefore limited on roads bypassing the city center. These restriction measures have been implemented with a new parking policy. 

2.3 Mobility behaviors 

Changes on transport policy impacted on mobility behaviors, and especially on transport modes used. According to a study published by the Urban Agency of Strasbourg (ADEUS), the number of trips made by inhabitants of Strasbourg metropolis is the highest of French ones. The average number of trips is 4.53 per day in 1997. Approximately 50% of trips are made by cars and 10% by public transports. Nevertheless numbers of trips made by public transport modes increased between 1988 and 1997. This increase is mainly due to inhabitants located in the centre area or near the tram line. Due to the tram line implementation, between 1994 and 1995, the use of public transports increased of 28 %.

3 Measuring gravity accessibility using GIS methods and tools

3.1 The choice of a gravity accessibility measure

The concept of accessibility is used in many studies and “it is best described from a variety of angles” (Stalinov, 2003). Accessibility is generally defined as a measure of spatial separation of human activities denoting the ease with which activities (opportunities) can be reached from a given location using a particular transport system (Morris and al., 1979). Consequently, this concept combines transportation system, land use, temporal constraint and sometimes individual behavior. Referring to these components many accessibility indicators are mentioned in literature. As suggested by Primerano (2003), an indicator classification can separate indicators based on “supply approach” and indicators based on “behavioral approach”. On “supply approach” accessibility is linked to the transportation system and distribution of opportunities on space. This approach is mainly composed of isochronic measures and potential accessibility measures. On “behavioral approach” accessibility depends on transport, opportunity supply and individual characteristics. This approach mainly refers to measures from space-time geography and from utility theory (utility-based accessibility measures).

The choice of an accessibility measure depends on the case study objective. Here the objective is to analyse job accessibility for different modes and for different periods of the day, following a tram line implementation. We do not analyse accessibility from the viewpoint of individuals organising their activity programmes considering different constraints (transport, time or activity constraints for example). We adopt the viewpoint of a land-planner who aims at improving the public transport network performance, given housing and job location. 

Given our objective and the modest data requirement we focus on “supply approach”. Gravity accessibility measures are used. 

Hansen introduced potential accessibility measures in 1959. He considers accessibility “as the potential of opportunities for interaction” and not only a “measure of the intensity of the possibility of interaction”. In his definition Hansen underlines “the ability and the desire of people and firms to overcome spatial separation”. The potential accessibility can be described as: 
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Where 
:

Ej denotes the mass of opportunities at location j

Cij denotes the travel cost (or generalised cost) between i and j

( denotes a travel cost coefficient

n denotes the number of locations

Therefore, accessibility depends both on transportation system and land use pattern. This gravity indicator highlights the relation between opportunities available to consumers in zone j, considered as the trip's “pull” factor and the travel cost (or generalised cost), to reach this zone j, seen as the trip's “deterent” factor. Potential accessibility measures can be used for different types of opportunities i-e jobs, inhabitants, services, and recreational facilities… Whatever the type of opportunity considered, potential accessibility can be interpreted as “the range of choice offered by the land-use transport system in the form of a sum of potential destinations” (Koenig 1980 in Geurs and Ritsema, 2001).

Literature on accessibility underlines three main failures for the potential accessibility measures: the strong influence of the distance decay function on the weighting for internal accessibility, the non-integration of individual characteristics, and the non-integration of competition effects. These main failures are overcome in our case study as follows:

· The distance decay function tends to give an important weight on internal accessibility, mainly for zones with a high level of opportunities. Consequently we use an area division into small zones of 250 meters by 250 meters. The choice of a potential accessibility based on an exponential decay function is mainly justified by the gravity law of distribution (Koenig, 1980) and the short distance interactions in an urban context (Fotheringham and O’Kelly, 1989),

· The problem of the non-integration of individual characteristics is solved using a semidisaggregated analysis according to mode users: cars users are considered separately from public transport ones. 

· Potential accessibility measures do not integrate competition effects. While supply is included into gravity accessibility measure, demand is not. Nevertheless such a model with competition effects provides results not easily interpretable. 

3.2 GIS implementation

Job accessibility is computed following the gravity accessibility formula for both road users and public transport users in peak and off-peak periods. Four accessibility measures are therefore implemented using a Geographic Information System. 

Gravity accessibility computation can be divided into three steps. The first one permits to model the transport network. Then generalized travel cost has to be determined for both car and public transport users and for the two periods considered. In a third step the number of opportunities has to be integrated to compute gravity accessibility. 

3.3 Transport network modelling

The GIS has been developed using the MapInfo software and its extension RouteFinder to perform accessibility computations. It is composed by two main transport networks and two other layers representing different area divisions:

· The road network was generated from a screen digitalisation of street paper-map (scale 1/13000) representing the whole study area roads.

The public transport network has been produced by digitising each bus-line from a street paper map dated 1997 and avoiding the overlapping of bus-lines when it is not necessary. Some data attributes were added to complete this network (see

· Figure 3
).

· A layer dividing the study area in 250m * 250 m zones was created to improve accessibility calculations

· A layer representing Iris 2000 areas (polygons) was added. For each Iris 2000 area (an Iris 2000 area corresponds to an area of 1,800 to 5,000 inhabitants), the French Institute of Statistics (INSEE) has collected (census from 1990 and 1999) statistical data on population, housing, and employment. 

3.4 Generalized travel cost computation

Generalized travel cost is given by:
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Where: c denotes generalized travel cost

p denotes the monetary cost

t denotes the travel time

v denotes the value of time

3.4.1 Monetary cost computation

Monetary costs are computed weighting travel distance by the cost price of one kilometre for travels by cars (i-e € 0.32 per Km). The cost corresponds to car purchase, maintenance costs, financial and fuel taxes. Travel distance is computed using a shortest path algorithm (A* algorithm). 

Public transport monetary cost does not depend on travel distance. It is based on bus ticket price fixed to € 1.07 (value 1999). However public transport travel distance is computed to determine travel time.

3.4.2 Travel time computations

Travel time has been computed separately for public transports and cars both for peak and off-peak periods. To obtain travel time from travel distance, a speed limit is assigned for each network section. An access time to the network, as the crow flies, corresponding to a speed limit of 5 km/h for car network and 3.5 km/h for public transport network is considered. Total travel time is transformed into monetary units considering a value of €0.12 per minute.

Hypothesis on car speeds:

Car speed mainly depends on road categories, peak or off-peak periods. Speed data used in this study have been provided by the French transport department. They are summed in Table 1.

Hypothesis on public transport speeds:

Public transport speeds and frequencies have been constructed using bus-line timetables. The separation between peak and off-peak periods has been made considering that peak-hour speed is the max speed in the day while the peak-hour frequency corresponds to the lower waiting time between two buses in the day. Conversely for off-peak hour speed and frequency. Public transport speeds and frequencies are summed up in Table 2. The average speed amounts to 19.3 km/h in peak hours and to 14.6 km/h in off-peak hours. As a comparison element, the daily commercial speed computed by the public transport company in Strasbourg amounts to 16.4 km/h in 1995 (our network corresponds to the 1997 scheme).

3.5 Integration of job data

As said previously, job location at the Iris2000 scale has been integrated in the GIS. Number of jobs has been computed using both the number of wage-earner from SIREN data (published by INSEE) for establishments with more 1 salaried employee and the number of establishment with 0 salaried employee. 

The number of jobs has to be weighted by a parameter ( determining the effect of distance on accessibility values. The value of ( corresponds to the propensity for individuals to perform a long trip. The value of ( is often determined by the travel behaviour model on the area studied but in our case study we consider a value of 0.156 obtained for such a model in Lyon. At the end of these three steps, we obtain the accessibility from a zone i to a zone j: this is a relative accessibility. To obtain an integral accessibility measure from a zone i, these relative accessibility results have to be summed up.

4 Analysis of accessibility results

Figure 6 is divided into two parts representing respectively accessibility to jobs in peak and in off-peak periods. It visualizes accessibility from a zone i (supposed to be a residential zone) to the whole study area zones (supposed to be employment zones). For each period, accessibility for public transport and car users is illustrated (maps (a), (d) and (b), (c)). As a comparison, these four maps use the same equal interval classification. Moreover in order to improve the understanding, a comparison map represents the accessibility variation between car and public transports (maps (c) and (f)). 

Average and median job-access values by modes, periods and urban zones are reported in Table 3. These values are not weighted by the number of inhabitants or the number of jobs. Note that the “Center” zone corresponds to the central area illustrated on Figure 1. Also note that job-access values have been computed using a model. Therefore they depend on the quality of data sources. 

4.1 General comments

Job-access level varies according to the distance from the center: accessibility is higher in central area than in suburbs. Figure 6 clearly highlights the different job-access levels whatever the mode and the period. As presented in Table 3, average job-access in Center is estimated to be 50% (respectively 40%) as high as in Suburbs in peak period (respectively in off-peak period). 

To explain this result, the concentration of jobs may be put forward. As shown in Figure 4, job density (per Km²) is the highest in central area. Therefore, referring to section 2.1 and the spatial distribution of jobs and population, inhabitants tend to be located where the job-access level is the highest. 

Even if job-access is the highest in central area, note a distortion of the most accessible area perimeter down the south. The center area symbolized by the tram line station “Homme de Fer” is not the central point of the most accessible area perimeter. The central point is more down the south. This observation can be explained by the main urban network and by commercial areas located on the south. 

Figure 6 shows a great difference in job-access between peak and off-peak period. Job-access levels are always higher in off-peak period than in peak period. For example, average job-access increases of 20% from peak to off-peak period considering cars and 12% considering public transports. To take congestion charges into account a speed limitation has been introduced in peak period both for cars and public transports. These changes in job-access values are illustrated in maps (a) and (b) by a narrowing of the circle of the most accessible areas.

4.2 A job-accessibility generally higher by cars than public transports
When the job-access level is compared between cars and public transports, it is often higher for the private mode than for the public one. This disparity is explained by a travel speed higher by cars than by public transports. Contrary to public transport users, car users don’t have connections and waiting time.

As said previously, for both cars and public transports, job-access decreases from the centre but some particularities are peculiar to each mode. Accessibility by car is represented by circles that are concentric to the town center. This structure is due to the dense road network allowing a homogenization of car travel time. 

In spite of a car-restriction policy in the town centre, job-access from central area is clearly better than the access-job from suburbs (average accessibility from centre is 50% as high as from suburbs). Nevertheless congestion charges generated by a car restriction policy impact on car access-level in peak-period. Between off-peak and peak period, average job-access level decreases by 16%.

4.3 Public transports sometimes competitive
For some areas, accessibility is higher by public transports than by cars (areas located in the south-west or in north-east of the study area). For them, the bus network is efficient with cut bus-line or high-speed lines. They are directly linked to the town centre. At the same time, motorways do not cross these zones.

Representation of job-access levels by public transports differs from the one of cars. The concentric circle structure gives way to a structure like the “fingers of a glove” underlying impacts of public transport network on job-access level. Areas where job-access values by public transport are the highest are those where public transport network is the more dense, i-e central areas. The structure representing “ fingers of a glove” can be justified by public transport lines characterized by high commercial speeds and frequencies. The Tram line A, the bus lines 4 and 72, for example, have commercial speed superior than 17 km/h. Also note the impact of cut bus-lines like the n°65 (south-west of the study area) or like the n°7 (north-west of the study area). Due to their route in not very dense periurban zones, their commercial speed higher than 20 km/h permits to link “rapidly” the tram line and central jobs. The low job accessibility level of south-east and north-east zones is linked to the absence of public transport network because of forests and a port activity zone.

If job-access level remains higher by cars than public transport (considering average for “Center+Suburbs”) the “peak period scenario” tends to balance access-level between both modes. The tram line speed does not change with congestion and allows to compensate for the bus speed decrease. While the job-access variation between cars and public transport amounts to 24% in off-peak period (in favour of cars), it is estimated to 16% in peak period. 

To sum up, job accessibility level is higher by cars for most of central zones, for zones located near motorways (and particularly interchanges) and for zones without public transport network. Conversely, job-access level is higher by public transports in peripheral zones located in the south-west or in the north. This result highlights the impacts of high-speed bus line or tram line to connect suburbs to central zones. Nevertheless it underlines the weakness of some travel speed used in this study. Indeed the result is based on travel speeds sometimes higher for bus than for cars while the two types of vehicles are expected to use the same route. To accept this difference, we have to make the hypothesis that these bus lines are exclusive.
5 Conclusion 

This paper compares both job accessibility for car and public transport users on Strasbourg area. Firstly it permits to apply gravity-based indicators for the two modes considering a fine zonal grid. Secondly it tests two of the various transport mode alternatives proposed to workers living in Strasbourg. The choice of Strasbourg is mainly link both to its transport policy in favor of public modes and data requirements. During the nineties a tram line has been implemented in central zone and in the same time the importance of cars has been restricted. From this research three main results can be drawn:

· Job accessibility is often higher by cars than by public transports, in spite of car restriction policy in the centre. The tram-line associated to fast cut-bus lines are not sufficient to compete with car speeds and a dense road urban network. Nevertheless due to some efficient bus lines, public transports can reveal competitive in some suburbs. 

· Whatever the mode considered, the most accessible zones are located in the centre. This result indicates that central zones offer a number of jobs higher than suburbs and that central zones are served by a dense transport network. 

· Cartographic representation of job-access varies according to the mode. While accessibility by car is represented by a concentric circle structure, accessibility by public transport is represented by a “finger of a glove” structure. This structure highlights the impact of some public transport lines with high commercial speeds and high frequencies. 

These job-access results have not to be interpreted as a transport policy failure. The car restrictive policy implemented in Strasbourg in the nineties is based on a car speed limit in the town centre, on an increase of paying car parks on central streets, and on a development of public transports. Among these measures, only the car speed limit and therefore the speed homogenisation with public transports is integrated in our GIS. 

Therefore for future research many improvement have to be integrated. Beyond the integration of parking monetary costs, an important work will be made integrated a 4-stage model. Such a model will allow determining more precisely length trips and therefore accessibility measures. 
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Appendix: Assumption and supplementary data

a) Car speeds

Car speed value are presented in Table 1 (Certu, 2006, p 15)

b) Public transport speeds

<Table 2 here>

Tables

Table 1 : Car speeds 

Road categories
Direction
Off-peak hour speed (km/h)
Peak hour speed (km/h)

Motorways ; highways
One-way street
65
35

Main urban network
Two-way street
30
16

Urban streets
Two-way street
25
14

Other streets
Two-way street
20
16

Table 2 : Public transport speeds

Lines
Peak hour

frequencies

(in minutes)
Off-peak hour

frequencies

(in minutes)
Peak hour speed (km/h)
Off-peak hour

speed (km/h)

Line 1
4
60
11
15.5

Line 21
12
120
12
17

Line 3
8
27
14.5
23

Line 23
6
42
14
19

Line 4
10
70
13.5
17

Line 14
5
26
12
15

Line 24
6
60
11.5
16

Line 50
15
45
14
17.5

Line 6
5
29
13.5
18.5

Line 66
17
54
16.5
22

Line 7
7
30
15.5
20

Line 9
4
32
16.5
22

Line 10
6
30
11.5
17

Line 20
5
59
12.5
19

Line 30
3
31
13
16.5

Line 72
10
60
14
18.5

Line 2
6
37
15.5
18.5

Line 15
5
53
17.5
26

Line 40
10
39
18
24

Line 61
10
30
14
19

Line 63
19
40
21.5
27.5

Line 65
12
60
23
25.5

Tram A
4
15
19.5
21.5

Table 3 : Average and median job-access values per zone
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Illustrations

Figure 1 : Case study area
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Figure 2 : Public transport and car networks

Figure 3 :Car and public transport layers

[image: image4.png]Car network layer

road A
road B

road D

road C

road E

Cleaning transformation
on car network layer
to perform accessibility analysis

Public Transport network layer

road B

intersection :
roads are — ¢
interconnected
\

road C

road A

Highway 1

bus-line A
tram-line
bus station 1 bus station 2
~" . "' hes L+~ [+ interconnection
. . ’
P Y bus-line B . Ve
.- '
[y H ion 3 4 i
. 4, bus station 3 tram station 3
—O— hN P
S
bus 7
interconnection zone

bus-line C





Figure 4 : Spatial distribution of population and jobs 
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Figure 6: Job accessibility by cars and public transports
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