The objective of this paper is to prove the effectiveness of variable message sign information on recurrent congestion using different measurements of effectiveness.

To show the benefits of the information systems, we have built a new methodology. We took advantage of the data collected during a national strike which shut down the variable message signs. By comparing these data to a set of "normal" days we can evaluate the impact of information systems on congestion level.

We present a way to measure the effectiveness of information systems. For the evaluation of information effectiveness we use both qualitative and quantitative measurements. This allows us to finally give a financial assessment of information systems for commuters. Our study is based on an 80 km long suburban network in Lyon. We show that the benefits of an information system can be evaluated between 0.7 and 1 M€ per year (between 0.9 and 1.3 M US $ per year).

INTRODUCTION

Providing road users with travel time information is a usual measure to mitigate congestion. This is especially true in suburban highway networks. The devices to collect and dispatch information (Variable Message Signs, data collection system, Traffic Management Centers) require a lot of work and a lot of money. Decisions makers need to know the real impact of each of their policies and to measure the returns on the investments. Methods are available to compute cost and benefits of such systems [START_REF] Hadi | Benefit and Cost Parameters of Intelligent Transportation Systems Use in Evaluation of Deployment Analysis Systems in Florida[END_REF], but the information systems benefits assessment process proposed in [START_REF]Intelligent Transportation Systems, ITS Benefits, Cost and Lessons Learned Databases[END_REF] is not commonly diffused. We will propose here an evaluation methodology of the impact of information on the level of congestion which is encountered in typical weekday by an urban highway network.

To evaluate the impact of information, we need to:

1. Compare the situation with and without information for one network with a given level of demand; 2. Measure the level of congestion.

In this paper, we will use data collected with the automatic procedure in the vicinity of the city of Lyon. This city is halfway between the North and the South of France and has less than 1.5 million inhabitants. We had a unique opportunity to evaluate precisely the impact of information systems on congestion thanks to a strike of the workers of "Coraly" (3), the local traffic management center. This strike was on Tuesday the 4 th of October 2005. We will compare flows and travel times automatically measured on that day with similar data measured on other Tuesdays of the year [2005][2006] To make the comparison, several measurements of efficiency will be used:

• Total travel time (product of instantaneous flows and travel times);

• Percentage of travel time spent in congestion.

The different parts of this paper will be as follows. We will first present the Lyon's suburban highway network, its control system and the input data. Secondly we will justify the measurements of efficiency that allowed us to assess the congestion experienced by road users and the benefits of the traffic management center. The building of the days' sample will then be explained. We will end this paper presenting our results and their analysis.

INPUT DATA

Lyon has a suburban highway network of about 2*80 km long. Because of the central position of the region, both in France and in Europe, long distance heavy vehicles are numerous on those highways. Many commuters are also using the highway network. In this study we will concentrate on the impact of the information system on those local users.

The traffic control center is called "Coraly" (3). This system is in charge of ensuring safety and good traffic conditions along this network. Quantitative information is collected by means of inductive loop detectors, transmitting mean flows, mean flow speeds and mean occupancy every 6 minutes. A total number of 150 cameras record traffic situation and location of incidents. All information is transmitted to and stored in a management center.

Information is provided to road users by means of Variable Message Signs (VMS), an internet site and radio broadcast flashes every half an hour during peak period. This radio network is not very famous and therefore the main source of en route information for commuters is VMS. The positions of the VMS are shown in the Figure 1.

We chose the four facilities (A/ to D/) highlighted on the Figure 2. On each of them VMS give to road users, at their entry point in the facility or during their journey along this facility travel time information from the VMS position until the end of this facility. Each week day an amount of 300,000 to 600,000 vehicles use those four facilities. 

MEASUREMENT OF EFECTIVENESS

Objectives of this measurement

The main goal of this paper is to evaluate the impact of displaying information through VMS for commuters. With opinion polls one can have an insight of how drivers evaluate information. Such surveys were conducted on the Lyon's highway network and always found that users have a positive opinion of information display and of its accuracy [START_REF] Coraly | Opinions usagers automobilistes route Lyon[END_REF][START_REF]Coraly : bilan de l'activité de 2005[END_REF].

For this study we focus on the impact that travel time information has or has not on congestion. Therefore we need a measurement of congestion. We will recall hereafter the difficulties that lie with this definition. The two components we want to evaluate are:

• Congestion experienced by users. This can be seen as a qualitative evaluation. We need to know how much road users suffer from congestion, not only in terms of the total waste of time, but also by measuring how much congestion a typical user of a given facility will experience on a given day; • Total amount of time spent by the road users of a city with and without information.

With the help of a usual value of time (in France ( 6) and ( 7) are commonly used), we can give a monetary evaluation of this time. Total travel time is usually also a first step to account for other external elements (pollution, noise, stress…).

State of the art

The main effect of information systems is on congestion and on reliability. For many years, in order to measure congestion, only one indicator has been used in the US (as well as in France).

The FHWA used "hours of delay per 1,000 vehicle miles traveled (VMT) whereas the French government used (and still uses) "HKM" which is a length of congestion multiplied by the duration of the congestion and the number of lanes.

Using just one measure does not allow for showing the two dimensions of congestion which are amplitude (the number of people concerned by the congestion) and seriousness (how long they are delayed).

With such a unique measure, you cannot show the effects of your policy, particularly on urban networks where recurrent congestion occurs.

After discussion [START_REF] Fhwa | Performance Measurement Efforts on Congestion by Congestion Vital Few Goal Team[END_REF], the FHWA replaced their indicator with three new measures:

• Congested Travel (percentage of travel under congested conditions),

• Travel Time (percentage of additional travel time needed for an individual to make a trip in peak periods), and • Traveler Delay (average number of hours during which drivers are delayed in traffic per year). These three measures are developed in the Texas Transportation Institute's (TTI's) Annual Mobility Report ( 9), [START_REF] Lomax | Monitoring Urban Roadways in 2000: Using Archived Operations Data for Reliability and Mobility Measurement[END_REF]. An update of the values was made recently [START_REF] Schrank | Urban Mobility Report[END_REF], but the same methodology is used.

The French government has appointed a group of experts whose work aims at defining and validating new measures. One of the difficulties lies in the number of congestion definitions (as shown by Bertini (12)). Indeed, congestion definitions given by traffic managers depend on the type of network they are in charge of. This leads to a very high number of measures available (13) to make our evaluation of the impact of displaying information on congestion.

In our case we need a set of MOEs, each one able to gather one aspect of the whole daily congestion observed each day of the sample. Please note that because we deal only with commuters, we consider that the day begins at 6 am and ends at 10 pm.

A new way of evaluating congestion is also to measure the reliability of travel times. This is particularly of interest if one wants to compare an infrastructure and a traffic management center to another one. In our case, this is not relevant, because we have only one day in the sample of days without information display.

Qualitative evaluation of congestion: percentage of time traveled in congestion

We want an evaluation of the effect of travel time information on individual comfort. In this purpose, we use the percentage of time spent in congestion. We define here congestion as traveling along the facility at a speed lower than 30 km/h. Recall that travel time is defined by the traffic management center as ( ) ( )

f s s s L tt i V i = ∑
: Where:

i is the period index (each period is of 6 minutes, from 6am to 10 pm). s is the segment index of the segment composing the facility f . ( )

s
V i is the speed measured at the station i during the previous 6 minutes.

s L is the length of the segment assigned to the data collection station.

Here we define the facility speed as the ratio between the length of the facility and the facility travel time. Our qualitative evaluation of the impact of information availability during one day is based on the following equation:
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δ is equal to 1 if speed is lower than 30 km/h on facility f , equal to 0 otherwise.
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f
Q i is the flow measured during period i in the loop detector considered as representative of the flow circulating on facility f .

Quantitative evaluation of congestion: daily total travel time

For the quantitative evaluation of congestion we use the total travel time. Here total travel time for one day is defined as (with the same notations than above):

10 6 ( ) ( ) pm f f f i am TTT tt i Q i = = × ∑ .
We can then multiply this travel time value by a value of time to access to a measurement of the amount of money collectively lost.

METHODOLOGY

Evaluating the impact of travel time information, both in terms of comfort provided to users and in amount of wasted time, leads to comparing the situation with and without information. The evaluation paradox is that where no information is available for the user, no information is available for evaluation purposes.

The "before and after studies" collect data during months firstly without information, secondly with information and then compare the two situations with the help of some of the above mentioned MOEs. The difficulty with that type of study is to allow for the "natural" evolutions of the transportation system related to economic, sociological or behavioral changes.

The method we use in this paper is based on the analysis of the traffic MOEs for regular Tuesdays of the last fall 2005 and winter 2006, compared with a day on which neither travel time nor event based information was given to road users (2005, 4 th of October). This last situation is due to a strike that implied traffic management control operators. Even if loops data were collected, as operators must validate information before it is displayed on VMS, no information was provided on that day. This was for us an outstanding opportunity.

This new method presents two potential methodological limits:

1. We have to suppose that the day corresponding to traffic management operator's strike is representative of the behavior of the network if no information would be available for some reason during a longer period. That particular day without information should not have encountered some abnormal traffic situation, except the lack of information. Of course because of the lack of people near TV screen reporting exceptional incident, we can have no proof of this "regular" behavior. But, we can see that traffic flow was at a normal level on most of the facilities.

2. One must keep in mind that using a network with VMS and no information display is not exactly the same as using a network where no information devices are present. Indeed, the presence of information devices, especially for commuters, encourages the regular use of information. On the other hand, VMS signs are not the only way of individually evaluating travel conditions: users use queue length (is it usual to see a queue at this exit? If not, why not use surface network today; and cell phone calls can be used to know what is happening on the road and what to expect A more practical limit of the study is that on the same day, the transit network workers where also on strike and about half of the hundred lines of city buses were not working. This could imply an increase in demand, especially for the center facilities and therefore an increase in total travel time.

But, most of the transit lines concern the center part of the city. On three of the four facilities (A/, B/, and D/) concerned, the use of bus lines does not represent a credible alternative. In table 2, one may notice that facility A/ has a total amount of flow absolutely compatible with mean value. Concerning facilities B/ and D/ one would have predict an increase of total daily flow if transit strike would have increase the use of individual car. On the contrary, the flow was decreasing. This can be explained by rerouting on surface network, due to unusually high travel times, unusually high travel times probably due to lack of information.

The facility C/ is the most central one and a ring road. This is the facility where transit lines represent a real alternative to car use. Logically, facility C/ encounter a significant increase of the total flow. But the total travel time (see table 4) is compatible with the mean value. Tuesdays. The bold line corresponds to the results obtained the 4 th of October, 2005. Note that when, on that day, congestion rises to an unusual level (at about 8 am), the cumulative flow curve increases at a lower level than on other days. This is mainly due directly to unusual congestion, but the fact that distance with the total flow is never covered is due to the rerouting of some users faced to this congestion.

RESULTS AND ANALYSIS

Building the sample of representative days

We have explained in the section "input data" how we chose the four facilities presented in Figure 2. We also have to build a sample of days to make the comparison of MOEs presented above with and without information. We chose the six month period comprised between the beginning of September 2005 and the end of February 2006. In this period, the network faces a traffic that is very similar to the one observed on October 4 th .

We exclude holiday periods because during those periods the long distance traffic is heavier and local commuters demand is lower. Let us recall that our objective is to evaluate the impact of information systems for commuters.

In the sample for some of the facilities, incidents may have occurred. We keep them in the sample because on this type of network, incidents are so frequent that one can't exclude them from the sample without reducing it drastically. We will conclude below that the impact of incidents is less important than the one of the lack of information.

From 26 Tuesdays in 6 months, we selected 19 days. They are presented on Table 2 with the total flow (between 6 in the morning and 10 in the evening). Total flow is also presented on Figure 6. To conclude this explanation of our selection of the sample, we can state that the sample is composed of typical Tuesdays, with no increase of the flow for the day considered in the following part as the day without information (October 4 th ).

Facility

Qualitative evaluation of congestion: percentage of time traveled in congestion

We proposed above a qualitative measure of the average congestion suffered by users. This is the percentage of the total travel time that is traveled with a speed lower than 30 km/h. The next figure presents the results of this MOE for selected days and the four facilities. One can note that some congestion, due to incidents, occurs on some days. One can also note that congestion for the day without information is substantially above the one for other days. The French typical value for the time spent traveling in a private car is 10 € (about 8.9 U.S. $). Therefore we can give an evaluation of the total cost for the community of the lack of information during one day for the studied network and the considered facilities. This cost is of about 3000€ (near 2700$).

Please note that the rerouting phenomenon observed on October 4 th on facility D/, reduces the measured congestion. It also increases the congestion on the surface network, where it cannot be measured. Therefore we can't access any complete information for the congestion of the whole city for this particular day.

This result can be extended to the total highway network only with extreme caution. Indeed, half of the total gain is due to facility D/ which corresponds to a highway ending at a tunnel and connecting a highly populated part of the city to the center of the town. On regular days, this facility (less than 8 km long) corresponds to between a quarter and a third of the total time spent in congestion on the highway network of about 80 km. Therefore extending the result of the cost to the total highway network gives an amount of between 9,000 and 12,000€ gained when the traffic management center is in operation.

We can use this result further to make a rough estimation of the collective benefit of such a traffic management center -displaying information -at between 0.7 and 1 M€ per year (0.9 to 1.3 M US$ per year). This extrapolation is based on the fact that information is useful not for every day of the week but mainly for Tuesdays and Thursdays and on the fact that there is heavy commuting traffic only for 40 weeks each year.

CONCLUSION

We developed here an original methodology for evaluating information system impacts on congestion. This evaluation is based on a qualitative estimation of the road users' comfort and on a quantitative estimation of the wasted time when no information is delivered.

We used this methodology on a part of the Lyon's highway network, thanks to a strike that deprived road users of information, but let the system automatically collect the loop data. The limit of the result is due to the sample size. On the one hand we found only 18 days comparable with the one with no information, on the other hand only one day composed this last sample.

Our methodology permits to go beyond the usual limits of 'before and after' studies. Indeed, our results are independent of any estimation of the evolutions of external conditions (demand, infrastructure improvement …). The use of this methodology is possible in every city, provided that data are available for a day without information. This is possible either voluntary (switching down VMS travel time display for this experimental purpose) or not (when a strike occur). This is an effective way of demonstrating the positive impact of information display for commuters' travel times.
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 1 Figure 1: Lyon's suburban highways network and position of the VMS signs. The length of the total network is 80 km.
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 23 Figure 2: Schematic map of the city of Lyon. The four facilities used in this paper for evaluation are colored. Facilities A and C are chosen Northbound; congestion occurs on them either in the morning or evening peak. Facilities B and D are chosen from the suburbs towards the center of the town and are mainly congested in the morning. Please note that facility D ends at a tunnel (the Fourvière Tunnel) and is the most congested part of the network.
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 4 Figure 4: Measured flows for the four chosen facilities during the 19 studied days. The bold line corresponds to the results obtained the 4 th of October, 2005.
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 5 Figure 5: Left: travel times and, right, cumulative flow curves for facility D/, for the 19 considered

Figure 6 :

 6 Figure 6: Total flow between 6 am and 10 pm for the 19 selected days. Except for the significant decrease of total flow for facility D/ on October 4 th , the total flow is not different from the one of other days.

Figure 7 :

 7 Figure 7:Percentage of total travel time spent with a speed lower than 30 km/h. For the day without information (4 th of October), one can see that this percentage is higher for every facility than the percentage observed without incident. One can deduce that the provided information has a positive effect road users' comfort.

  

Table 1 :

 1 The middle part of the network is a toll highway. It does not belong to any of the facilities studied here. The four facilities are summarized in the Table1. Characteristics of the four facilities.

	Letter Origin and destination	Free flow	Length	Number of
		of the facility	travel time	(km)	lanes
			(min)		
	A	Manissieux -	10	13.625	2
		Noeud des Iles			
	B	Beynost -	4	5.951	3 and 2
		Croix Luizet			
	C	Les Essarts -	4	5.451	3
		Laurent Bonnevay			
	D	Limonest -	5	7.671	3 and 2 (ends
		Fourvière			with a tunnel)

Table 2 :

 2 19 selected days for the study with total flow for the 6am-10pm period. The day (October 4 th ) corresponding with the traffic operators' strike is highlighted.
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Quantitative evaluation of congestion: total travel time and collective cost of a day without information

Comparing total travel time without information displayed on VMS with mean total travel time when information is displayed permits us to evaluate precisely the extra congestion cost. Table 4 presents the total travel times, mean values for "regular" days and differences between values for the day without information and regular days. This table presents also mean and standard deviation for the total sample and for the "regular" days. One can deduce the amount of extra total travel time due to the lack of information.