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[image: image1.wmf]Why use the web site?

ü

To assess traffic congestion on their route 

ü

To judge the effects of incidents on their trip 

ü

To decide among alternate routes 

ü

To estimate their trip duration 

ü

To time their trip departure

What action results from the information?

ü

Change route or time of departure 

maximizing for a faster trip time

ü

Change route or time of travel to reduce 

the stress of driving in congestion, 

perhaps lengthening trip distance or 

duration

ü

Adjust their expectations, listen to an 

audiotaped 

book, make phone calls, adjust 

appointments, and make alternative 

arrangements.

What benefits are perceived from use?

ü

Saved time

ü

Avoided congestion

ü

Reduced stress

ü

Avoided unsafe conditions
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Introduction

Air traffic controllers, airline flight schedulers, and passengers know the precise location of every commercial aircraft, where it is going and when it is due to arrive, all at essentially the same time.

Many motor carrier dispatchers know the locations and status of their entire fleet, and in some cases the condition of their equipment and cargo, every hour of every day.

Meteorologists can measure current precipitation against previous information to determine if Mother Nature is performing normally, and if she isn’t what abnormal trick she is pulling.
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Even baseball managers know if the last man on their bench has an unusually high success rate against a certain opposing pitcher, particularly with two outs and runners in scoring position.
What all these scenarios have in common is that they are not possible without data. Data that is gathered in real-time and is able to be stored such that comparisons and analyses can be performed. In each of these scenarios data empowers action. While it does not directly result in action, data provides the context within which proper actions can occur.

Each of these scenarios occurs in environments that are data rich. Each has well-established bottom-line benefits and anecdotal evidence to demonstrate the value of comprehensive and continuous quality data. Simply put, better data equates to better decisions.

Since late-1999 the surface transportation industry has placed increased focus on improving management of their collective assets.  The Steering Committee for the National Dialogue on Transportation Operations has established a simple but powerful vision for the industry: managing and operating the existing transportation system so that its performance exceeds customer expectations.  As more transportation agencies move aggressively toward system operations and performance measurement, the need for comprehensive quality data becomes imperative.

The surface transportation industry has been a laggard in adopting systems and methods to monitor and operate the system and assess its performance and to base capital and operational improvements on such data. As will be presented in this paper, this need not be the case anymore. Multiple private companies are offering or developing proven, cost-effective and, in some cases, innovative data collection methods. Several agencies and regions of the country are moving from “data poor” to “data rich”. These agencies are demonstrating the type of benefits that accrue from this transformation. To assure all system users benefit from these advances, national policy needs to establish a priority on implementing data collection nationwide.
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Managing and operating the transportation system so that its performance exceeds customer expectations can only occur in a data rich environment.

Paper Objectives
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This paper aims to articulate the relevance of good and complete data collection to transportation operations and management. The paper provides examples of the types of users that can benefit from data, what types of data they would like and what benefits can accrue if these users obtain the quality data they seek. The paper overviews the current data collection environment, characterizing both the nature and extent of current data collection and the techniques available – or soon to be available – for improved data collection. Finally, this paper provides recommendations on what can be done to improve data collection in the United States to enable increased effectiveness of transportation operations and system usage.  Specifically, this paper advocates the establishment of a national transportation “infostructure” that will provide the data necessary to support effective transportation operations.

Scope

The focus of the paper is on aggregated roadway and transit-oriented data, including items such as travel times, observed weather conditions, traffic volumes and transit vehicle location and passenger counts. While there are many efforts occurring to leverage more detailed individual vehicle and consumer-oriented data for applications such as mobile commerce and private fleet management, these are not the focus of this discussion. As will be evident, much is left to do and can be done at the “system-level” in terms of data collection. This level of data should be the top priority from a policy perspective as it aids all users and operators, and lays the foundation for further advances.

Influencing concepts

This paper is influenced by two themes that dominate my thinking on data collection issues. These themes shape the content of this paper to such an extent that it is necessary to described them from the outset:   
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nd 

areas and military deployment and emergency evacuation routes

•
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The catalytic effect of ubiquity.  There is a little discussed, but hugely important reason for expanding data collection, and doing so in a systematic fashion.   The transportation industry would become beneficiaries of “ubiquity.”  Once something is for all intents and purposes everywhere, powerful and unexpected things can happen.  From an economic standpoint, innovators and academicians will be drawn to finding new and better uses of the data, as well as developing better ways to collect data.  Until now, data collection has been a largely regional phenomenon.  If we can evolve data collection into a national phenomenon, we will have the laws of economics and innovation working for us, not against us.  

Although I am not an economist, I believe the impact of having complete, consistent, quality, real-time transportation data is similar to the “network effect” that often occurs in information technology industries, when a product becomes more valuable as it is used more widely. Telephones are a classic example, where a single phone is useless but every phone added to the network can call every other phone and the number of possible conversations increases exponentially as phones are added. The larger the network grows, the more valuable it becomes. The GPS industry is a parallel example, where the satellite added to the system that provided a complete constellation of satellites was significantly more important than the first, since it enabled mission-critical applications to be developed.

· The increasing importance of reliability.  We are learning that reliability and predictability in using the transportation system is as important as efficiency, if not more.  Just-in-time shipping has shown us that the penalty for being late is the highest motivating factor in fleet management.  Increasingly, this attitude seems to be growing for the typical traveler as well. “No surprises” is what people want.  In terms of data collection and operations, this means that data on conditions is needed virtually everywhere on the transportation system.  This contrasts with the typical “hot-spot” approach that has governed data collection and transportation management over the past generation.  Increasing trip reliability and predictability requires much broader data collection and perhaps a change in thinking in data collection planning. 

Data’s Relevance to Transportation Operations

The simplest method to illustrate the importance of data in transportation operations is through examples. Imagine for instance the following examples (after each example in italics is a description of some of the types of data needed to make the example possible):

· Every transportation-related incident in the U.S. is detected and properly responded to. The all-to-familiar horror stories of finding vehicles when the snow thaws or desperate cell phones callers unable to determine their location cannot get the assistance they need is ancient history. National geo-location of 911 calls. Video camera coverage on major roadway facilities. Automatic vehicle location on public transit vehicles.
· Every traveler seeking information on a desired travel route is provided the best route given current – and more importantly, predicted – conditions of the recommended routes or modes during the time they will travel. Further, if any unexpected changes occur on the recommended itinerary, the traveler will be notified and, when appropriate, provided an updated itinerary to minimize the negative consequences. The days of blindly driving into the back of congestion or severe weather without warning or knowing the cause, the end and the duration of the delay, are also ancient history. The fear of being stranded waiting for public transit will also be overcome. Current travel times for segments of major roads. Public transit schedules, and schedule adherence data (which requires automatic vehicle location). Roadway-specific weather conditions, current and predicted.
· Evacuation planners provide optimal evacuation routes – with transportation professionals managing these routes to maximize capacity – based upon current and projected transportation network status across an entire evacuation area. Traffic volumes, speeds, travel times and current and predicted weather conditions on evacuation routes. Emergency shelter information and status.
· Military dispatchers are able to select optimal routes and embarkation/disembarkation ports for personnel and supplies based upon projected travel times along highway and rail corridors. This same benefit will accrue to commercial shippers and carriers who are increasingly dependent upon just-in-time delivery and lean manufacturing techniques. Corridor travel times for military and commercial freight routes.
Transportation planners can accurately characterize the strengths and weaknesses of their transportation system, enabling for continuous capital and operations improvements to their system. The guesswork and politicization of investment planning is greatly reduced as cause and effect is better understood. Traffic volume, occupancy, classification, aggregate speed/travel time. Automatic vehicle location and passenger counting for transit vehicles.
These scenarios are not supportable today in the U.S., except in a few localized areas. Data simply does not exist. The gap in data comes in three basic flavors:

· Coverage Breadth – Insufficient data collection market penetration.

· Coverage Depth – Insufficient density and data where coverage exists.

· Data Quality – Insufficient accuracy, timeliness, and/or reliability of data where coverage exists.

Data Users and Needs

Data, if collected and used properly, will empower two constituents: 

· System owners and operators – Highway and transit agencies of all sizes and functions can use data to support numerous activities, ranging from real-time operations to long-range transportation planning. Data can benefit urban and rural agencies of all types, regions, and functions.

· System users – Travelers will be able to better help themselves. Motor carriers and shippers will be more efficient and reliable. This includes the military as well. Confidence will be instilled as users lose the feeling of fatalism that they often associate with using the transportation system today.

While each constituency has very different uses for the data, their motivation for such data is common. They seek three things:

· To readily understand the conditions of the portion of the transportation system that is of interest to them.

· To leverage the data for decision-making, in real-time or over the long-term.

· To leverage the data to assess the effectiveness of their decision-making.

Without a true picture of their environment, both users and operators are making decisions with less than optimal information. Further, decisions made cannot be fully evaluated for their effectiveness.

In this section, we will overview several types of users of transportation system status data and what types of data they desire. As you will see, different users desire the same data in many cases.

Highway Operators

Operators of limited access facilities (i.e. interstates, expressways, tollways, etc.) and operators of arterial road networks of all shapes and sizes have need for some form of data to support management functions.

Basic core management functions are those that are generally applicable to all types of highways regardless of their classification or use' although the specific operational requirements, the associated information needs, the methods/technologies for collecting the information, and the level of deployment of this detection infrastructure may vary significantly.

· Traffic Control – Traffic Control often varies by roadway category. For arterials this may include traffic signal coordination (both intra- and inter-jurisdictional). For expressways, this function may include ramp metering and interchange control. Other potential traffic control sub-functions include reversible lane control, variable speed limits, and integrated expressway-arterial control. Evacuation, special event, and military deployment routes usually have special traffic control needs.

· Incident Management – Incident Management includes both predicted and unexpected incidents so that the impact on the transportation network and traveler safety is minimized. Activities include incident detection, verification, diagnosis, response (e.g., routing and tracking response vehicles), diversions, and clearance.

· Performance Measurement – Performance Measurement includes historical information on the performance and operation of the highway for general planning purposes and to measure the effectiveness of various current roadway improvements and management strategies. This includes supporting the Highway Performance Monitoring System a national system that provides data that reflects the extent, condition, performance, use, and operating characteristics of the Nation's highways.

· Traveler Information – Traveler Information function includes providing information to en-route motorists through roadside elements such as dynamic message signs and highway advisory radio transmitters. The information collected can also be used for information dissemination to travelers via other means (e.g., Information Service Providers, radios and other in-vehicle devices) as well.

· Weather Management – Weather Management includes detecting and forecasting weather-related hazards such as snowy/icy road conditions, dense fog, high winds, and approaching severe weather fronts. This knowledge can be used to more effectively deploy road maintenance resources. It can also be used in conjunction with other core functions such as traffic control (e.g., variable speed limits, signal coordination timings), incident management (e.g., routing response vehicles), and traveler information (e.g., general advisories, location specific warnings).

Highway operators also often have the need to support additional management functions. While not applicable to all operators, these include:

· Freight Management – Freight Management is applied on freight routes, and includes gathering vehicle classification information. It may also include automated clearance at roadside facilities, automated clearance at border crossings, ramp rollover warnings, downgrade warnings, monitoring HAZMAT vehicles, and monitoring/warning over height vehicles.

· Snow/Ice Management – Snow/Ice Management is applied in snowy regions, and includes the identifying the potential loss of vehicle traction, maneuverability, and/or stability, the need for plowing (maintenance vehicle dispatch), lane(s) obstructions or other impairments to plowing, need for chemical application, low/loss of visibility, other impairments to vehicles/crews, short-term weather forecast, and monitoring maintenance vehicles. Snow/ice management may be considered a specialty function of the overall weather management core function.

· Military Deployment Management – Military Deployment is traffic control and incident management functions deployed along military deployment routes.

· Special Event Management – Special Event Management is the management of traffic during special events, whether a one time event, annual event or a recurring event such as sporting events or school holidays.

· Emergency Evacuation Management – Emergency Evacuation Management is traffic control and incident management functions applied on evacuation routes.

These basic and additional management functions require many types of data. These include:

· Traffic Flow – Information such as traffic volumes, speeds/travel times, queue length and wait time that can be used to characterize traffic conditions at a particular location or segment on a roadway.

· Vehicle Classification – Information such as vehicle length, height and weight, and the number of axles that can be used to identify the individual characteristics of passing vehicles.

· Vehicle Location – Information such as the location and status of distressed, response, maintenance, and transit vehicles that can be used to manage incidents and monitor operator assets.

· Environmental data – Information such as air and road surface temperature, visibility, humidity and precipitation, wind speed and direction, road surface condition that can be used to characterize local climate and roadway conditions.

· Air quality data – Information such as CO, NOx, HC, and Ozone levels that can be used to characterize localized air quality. 

Transit Operators

Increasingly transit operators are turning to fleet management techniques to optimize the cost-effectiveness of their operations.

Historically, transit agencies have had a difficult time attracting significant ridership other than transit dependents, except in the densest cities. The reasons can often be traced to some real or perceived problems in the eyes of current or potential transit users:

· “The bus doesn’t go where I want to go.” (Inconvenient routes)

· “I never know when the bus will arrive.”  (Anxiety waiting for the bus)

· “I have to waste too much time when I transfer.” (Long transfer times)
· “I don’t feel safe.” (Safety concerns)
Although not every system experiences every complaint, this list should look familiar to many transit agencies. As will be demonstrated, data from automatic vehicle location (AVL) and automated passenger counting (APC) systems can directly support improved service to mitigate these real and perceived problems.

· Inconvenient Routes – Transit planners armed with more accurate and up-to-date ridership information can plan routes that serve the public better. Automatic passenger counters are providing agencies with more and better data at a lower cost than ever before. Better data is the foundation for better planning. In some cases route deviation will help provide better service. With automatic vehicle locators and in-vehicle guidance, route deviation is easier to monitor and control, and drivers are less likely to get lost. 

· Anxiety Waiting for the Bus – Research shows that if a user does not know when the bus will arrive, the perceived waiting time can be much greater than the actual waiting period. With automatic vehicle location and passenger information devices located at bus stops, the customer is informed whether he or she has missed the bus and when the next one will arrive. With this information, the customer can decide if there is time for a phone call or a cup of coffee. Most importantly, anxiety is greatly reduced.

· Long Transfer Times – In many transit systems, particularly large systems, timed transfers are difficult to execute. Customers may be stranded at transfer points for long periods of time if the bus they are on is late, and the next bus has departed. With automatic vehicle locators, dispatchers are aware of impending delays and can advise the waiting bus of the estimated arrival time of passengers wishing to make a connection. This “connection protection” can reduce waiting time significantly in cases of infrequent service.

· Safety Concerns – For those who are fearful during the waiting time at a bus stop, automatic vehicle location supports systems that can reduce waiting time by letting you know when the bus will actually arrive. For those who feel uncomfortable on the bus or train, in-vehicle security cameras are making passengers feel safer. Silent alarms combined with automatic vehicle location can bring the police to an emergency situation very quickly. Knowing this is available can make the customer and the bus operator more comfortable.

General Public

Since 1999, ITS America and U.S. DOT have focused on the data needs to support traveler information. Those involved in the effort have reviewed multiple market research reports and conclude that a survey of Washington State DOT traffic web site users provides a reasonable representation of traveler information users in general. Figure 1 shows the relevant questions with the most frequent answers listed in order of popularity.

Based on these needs, ITS America has identified specific data needs to support traveler information. In summary, travelers need:

· Average travel speeds or times

· Reports of abnormal events along their route

· Images to view the route for themselves

· Route-specific weather conditions

Carriers/Shippers/Military

Commercial and military users of the transportation system generally have more needs than the typical traveling public. In the context of transportation system data, anything that can support increased on-time deliveries, provide accurate ETA (estimated time of arrival), and reduce late delivery penalties, fuel consumption, vehicle maintenance costs, employee turnover, trip time and accidents will reduce costs, increase revenues and increase overall customer satisfaction. Their needs translate into roughly the same data as desired by travelers. However, the need for information for these users is nationwide, as they freely move throughout the country and often need to make decisions on varying routes of very long distance (e.g. “Should I take I-70 or I-80 from Pittsburgh to Denver?”).  Warren Hoemann, vice president of the California Trucking Association recently said, “we don't like delays, but we definitely don't like unreliability.  We need to know how long a trip is going to take.”

Translating Data Needs into Requirements

The recognition of the relevance of data to operations is a growing theme in the National Dialogue on Transportation Operations. As a result, efforts have begun to translate the needs of the various stakeholders into a single set of data requirements. This work has initially focused on the National Highway System (NHS). Established by Congress in 1991, the National Highway System “consists of the National System of Interstate and Defense Highways and those principal arterial roads which are essential for interstate and regional commerce and travel, national defense, intermodal transfer facilities, and international commerce and border crossings.”  The national importance of the NHS cannot be overstated given that over 40% of traffic, 75% of truck traffic and 90% of tourist traffic is carried on the roughly 161,000 mile system, just 4% of the nation’s roadway mileage. 

Table 1 provides a summary of the current requirements under consideration for typical NHS corridors. The requirements are relaxed as the level of normal congestion along an NHS segment is reduced. Freight, military deployment, and emergency evacuation routes would add vehicle classification requirements to the typical traffic sensor data requirements. Large bridges and tunnels would increase the location density requirements, as their management is often critical regardless of congestion levels.

I expect significant debate to occur about whether or not traffic sensor data is needed along uncongested NHS segments as Table 1 proposes.  Nation-wide travel time data between major origin-destination pairs would not be possible without such data, and the value of ubiquity then becomes undermined.  The opposing view is that such data collection will be costly and yield fewer management benefits than targeting effort on more congested segments.

Figure 2 illustrates the current NHS weather data collection requirements under consideration. 


These requirements are in the very early stage of development and will undoubtedly evolve as the consensus building process continues.

From a policy perspective, the important item to recognize is the need to establish a national priority on implementing complete, ubiquitous data collection systems.  Collectively, these systems could be considered the national surface transportation “infostructure”.  Webster’s defines infrastructure as “the basic installations and facilities on which the continuance and growth of a community, state, etc., depends.”  “Infostructure” could be defined as “information infrastructure used to measure the performance of a physical infrastructure.”  The policy issue up for debate is simply: Should developing a transportation infostructure be a national priority?
Data Collection Status, Techniques, Benefits and Issues 

In the transition to a data rich environment, much is being done – and being learned. This section will summarize that state of transportation data collection, briefly describe the technologies being used and developed for data collection and the key issues that have emerged as data collection systems are being established.

Data Collection Status

A recent analysis of the Metropolitan ITS Deployment Tracking Database, a repository of deployment data for the 78 largest metropolitan areas in the United States, indicates that 70 of the 78 areas are gathering at least some type of traffic flow, incident or transit vehicle location. Figure 3 summarizes several key categories of data collection by their total aggregated deployment in the 78 metropolitan areas reported in 1997, 1999 and 2000 and projected in 2005.


The analysis also indicates only a handful of areas collects data over a large portion of their region. For example, in 2000, 43 metropolitan areas indicate some sort of freeway surveillance, but only 9 areas report greater than 50% of their total mileage covered. By 2005, 27 metropolitan areas project they will have 50% or more of their freeways under electronic surveillance. 


There is a silver lining in the deployment tracking data, however.  From 1999 to 2000, there has been a marked increase in data collection infrastructure that is anticipated to be in place in 2005.  For example, from 1999 surveys, it was projected that 46% of freeway mileage will be under electronic surveillance; in 2000 surveys, the projection for 2005 increases to 51%, which translates into nearly an additional 1000 miles of surveillance.  The projected percentage of fixed route transit vehicles to have AVL in 2005 increased from 69% based on 1999 survey to 84% from 2000 surveys, a net increase of over 7000 vehicles!   

A conclusion to be drawn from this information is that the importance of data collection is beginning to be understood, but that ubiquitous data collection is unlikely to occur without additional efforts.   Further, this data addresses the situation in urban areas only.

No definitive information exists to characterize data collection deployment beyond these top 78 metropolitan areas.  But consensus is that deployment is quite limited and trails far behind the urban areas.  

Data Collection Techniques

The following summarizes the major data collection techniques for gathering transportation system status data. The first four are highway-oriented; the last two are transit vehicle-oriented:

· Traffic Sensor Data – Data of this type are speed, travel time, volume and occupancy data or other numerical measurements used to characterize the flow of vehicles at a specific point or over a specific segment of roadway. This data can be generated from many types of detection systems, such as loop detectors, microwave, infrared or sonic detectors, video image detection, automatic vehicle identification, license plate matching systems and wireless phone probes. Volume, occupancy, classifications, and speed data are typically collected at a point in the roadway (point data). Travel Time data must be collected over a section of a roadway, as travel time is the time is takes to move from one point to another (section data).

· Incident/Event Reports – This data type is characterized by descriptive information on planned or unplanned occurrences that affect or may affect traffic flow. Incidents, construction/maintenance, events, road conditions, and weather conditions are some of the types of data collected. This data is usually entered manually into a “system,” although it can be stored and communicated either as text or through numeric codes. The manual entry into a system is the key differentiation from the Traffic Sensor data type. There are several types of road-related incidents/events, including:

· Crashes, breakdowns or other unplanned vehicle stoppages

· Planned or emergency roadway construction or maintenance

· Special events

· General road conditions

· General weather conditions

· Traffic control device malfunctions

· Disasters

· Images – This data type provides a picture of a segment of roadway to give a visual depiction of current traffic conditions. Images, ranging from still snapshots to full motion television quality video, give a quick impression of traffic conditions that can be easily assessed by operators or travelers. However, this data type is not conducive to deriving detailed information such as that can be provided by traffic sensors.

· Road/Environmental Sensor Station Data – This data type encompasses a wide array of sensors including those that monitor weather, roadway, surface, and air/water quality conditions. These sensors can provide roadside data such as:
· Elevation/Atmospheric Pressure
· Wind Data – Direction, speed, gust direction, gust speed

· Temperature – Air, wet-bulb, dew-point, 24-hr maximum, 24-hr minimum

· Humidity/Precipitation – Relative humidity, adjacent water depth, adjacent snow depth, roadway water depth, roadway snow and packed snow depth, precipitation indicator and type, precipitation rate, snowfall accumulation rate, ice deposit (thickness), precipitation start time, precipitation end time, total precipitation past X hours

· Radiation – Solar radiation, total sun, cloud cover situation

· Visibility – Surface visibility (measured in tenths of a meter), visibility situation (clear, fog, smoke, sea spray, blowing sand/dust, sun glare, insect swarms)

· Pavement Sensing – Pavement type, elevation, solar exposure, surface status (dry, moisture trace, wet, chemically wet, ice warning/watch, snow warning/watch, absorption, dew, frost), surface temperature, pavement temperature (2-10 cm below surface), surface water depth, surface salinity, surface conductivity, pavement freezing point, surface black ice signal, subsurface type, subsurface temperature, subsurface moisture

· Pavement Treatment – Number of treatments, treatment type/mix (sand, dirt, gravel, cinders, water, salts, etc.), treatment form (dry, pre-wet, liquid), treatment amount (kilograms per lane kilometer), treatment width

· Air Quality – Carbon monoxide, carbon dioxide, nitrous oxide, nitrous dioxide, sulfur dioxide, ozone, particulate matter

· Water Quality
· Automatic Vehicle Location – AVL for transit is a system that allows dispatchers to know the location of each of their buses nearly all of the time. In general, there is some kind of tracking device on the bus and some device where the dispatchers are located that allows them to see or read the bus location. Many of the transit AVL systems take advantage of satellites to determine the locations of the buses. The satellite technology is called global positioning system (GPS). Some systems use a technology called “sign post,” where local beacons are used to determine a vehicle’s location.

· Automatic Passenger Counters – The foundation of good transit planning is accurate ridership data. To determine whether a segment of a route is productive and should be continued the planner must know exactly when and where riders get on and get off the bus. Automatic passenger counters (APCs) can record all of this information automatically and create reports useful to the planner. The most prevalent APC technology uses infrared beams at the doors or pressure-sensitive mats on the steps to automatically count passengers getting on and off the bus. Routes that previous had been counted annually by hand can be counted far more frequently and accurately at a lower cost.

An important point in considering these data collection techniques is that each has multiple methods, vendors and approaches for obtaining data.  Thus establishing requirements in any or all of these areas can be based upon user needs and will not result in establishing market monopolies for particular vendors. 

Data Collection Benefits

As mentioned earlier, one of the barriers to establishing data collection systems is they do not yield direct benefits. However, wise utilization of generated data can yield significant benefits, as the following examples illustrate:

· Adaptive signal control – Requires real-time traffic volume data throughout a signal network has reduced vehicle delays ranging from 14% to 44% and reduced stops 10% to 41%.

· Ramp Metering – Uses traffic flow data to control entrance ramp access, has provided 8% to 60% increase in freeway speeds, and a 15% to 50% reduction in crashes. In a recent evaluation in the Minneapolis/St. Paul area, significant degradation of travel time reliability occurred when ramp meters were turned off.

· Transit fleet management – Facilitated by AVL, has improved on-time performance from 9% to 23% and enabled reduced fleet size of 4% to 9% due to more efficient bus utilization. In Denver, customer complaints decreased 26%. In San Jose paratransit expenses were reduced from $4.88 to $3.72 per passenger.

· Weather Management – Data facilitate proactive snow and ice management techniques, often called “anti-icing.”  According to an Environment Canada study, “Anti-icing has enabled many road authorities in Europe and the US to reduce salt usage by 20-30 per cent while reducing accidents by 10-15 per cent. In fact, anti-icing has demonstrated sufficient savings in labor, equipment, supplies and fuel, to pay for the cost of road-weather information systems and pavement forecasts twice over. Indirect benefits from reduced accidents, legal fees, and salt damage to roads, structures and the environment, and the more efficient use of existing roads are estimated to be 11 times the cost.”
· Traveler Information – Studies of traveler information systems indicate that most users perceive a benefit of reduce travel times. Yet, in quantitative field experiments and simulations, little or no reduction in trip times is observed. A recent study seems to have resolved this apparent contradiction. Using travel time data provided to travelers in the Washington, DC area as input into a simulation model, researchers found that ATIS users are able to achieve better on-time reliability than users who do not use traveler information. “The key finding of this work is that the two pieces of evidence from survey and field research are not in fact conflicting. As survey research suggests, ATIS users do realize significant benefits in terms of time management – better on-time reliability, reduced early and late schedule delay, as well as more predictable travel. They do this, however, without significantly reducing the amount of in-vehicle travel time accumulated over a month or year of regular trip making. Therefore, the field trials constructed to measure reduced in-vehicle travel time have likely accurately reflected the reality of regular ATIS use.”  In short, the principal benefit of ATIS to travelers is improved time management.

· Fleet Management – In a test of applying traveler information to support commercial vehicle operations, FleetForward, 33% of carriers that participated believed on-time delivery improved. 33% also felt that estimated time of arrival (ETA) determination improved as well.

Data Collection Issues

The industry’s collective experience developing and deploying data collection systems has generated a number of key lessons learned and issues:

· Data Gap – The data needed to support operations on a nationwide basis is lacking. Only five metropolitan areas plan to have all limited access facilities under surveillance by 2005. Thus in the other 73 largest metropolitan areas, “black holes” will exist. In 61 of these areas, the black hole will be at least half of the area’s freeway mileage. Also, in some areas, the density of data collection is insufficient. The situation is even bleaker on intercity and rural roadways. Transit systems are faring better, but it is still projected that 16% of urban area busses will not be equipped with AVL by 2005. This gap is having a profound effect on agency abilities to monitor and manage their systems and it severely limits the utility of traveler information.

· Data Quality – Where data exists, the quality of the data is often problematic. Many agencies are operating thousands of data collection devices in a metropolitan area. Maintaining these devices is a challenge. Also, communications between these devices and central computers can be interrupted frequently. Some systems have inherent inaccuracies or, as is often the case, were not properly installed and calibrated and are not performing as they should. The result can be inaccurate or unreliable data streams. While there are demonstrated benefits to operating the transportation system based on good underlying data, there is strong anecdotal evidence in some regions that much of the data collection systems are not properly utilized.

· Data Sharing – One of the key issues to a data collection program is the sharing of data between the public and private sectors. Who has the data? Who needs the data? What kinds of policies are in place to maintain the integrity of the data amidst the data sharing? Is there reluctance on the part of the public sector to share with the private sector? Under what limitations will the public sector allow the private to use the regional data? What are the constraints in sharing data between public sector agencies or the private sector sharing their data with the public sector?  With the opportunity for multiple uses of data by multiple public and private organizations, data sharing has emerged as a major issue. Given the difficulty we have had to date to establish quality data coverage, maximum use of whatever data is available requires maximum sharing.

· Public/Private Roles – Until recently, much of the network status data that has been discussed has largely been generated by public sector organizations using public resources. New data collection techniques, such as cellular phone probes or floating car data will likely be owned and operated by private sector data providers. Also, a federally sponsored program is facilitating the establishment of privately owned and operated roadside data collection infrastructure. How will the mixture of public and private data collection systems evolve? Can we create an environment that leverages public and private investment to improve the breadth, depth, and quality of data?

Conclusions and Recommendations

To manage and operate the transportation system to exceed customer expectations, data is needed on the structure, status, use, and behavior of the entire transportation system.  This “infostructure” both serves the needs of the people and organizations that operate the system and the people and organizations that are its users.   There are at least three major aspects to fulfilling data needs:

· Understanding what data is needed by the full range of stakeholders

· Creating, operating, maintaining, and updating the mechanisms that will gather, analyze, coordinate, and store the data

· Providing convenient, timely, and affordable access to the data to both operators and users of the transportation system

Earlier in the paper, the policy question was raised: Should developing a transportation infostructure be a national priority? Clearly, I believe the answer is yes.  This undertaking – to build an integrated network of transportation information – must not be taken lightly. It is, in fact, the information systems analog of building the interstate highway system – massive, complex, expensive, difficult, and enormously worthwhile. None of the three aspects identified above has an obvious solution. Indeed, understanding the requirement that each aspect represents is itself a major undertaking that is prerequisite to developing and deploying the corresponding technology. However, determining these requirements, and designing, implementing, and deploying the technology is a vital necessity for the effective management and use of the transportation system of the future. 

Three specific actions will greatly increase the chances that the needed data will become available to meet the operations vision:

· Develop consensus on and implement minimum data requirements for the National Highway System – The Federal Aid Policy Guide establishes the design standards, policies, and standard specifications acceptable to FHWA for NHS roadways in Subchapter G, Part 625.4, Design Standards for Highways. Data collection guidelines should become part of the design standards for the NHS. The efforts underway to develop requirements are a good start. As these evolve at the technical level, the policy discussion needs to occur to establish the support necessary to ensure that the guidelines become implemented. Ideally, TEA-21 reauthorization will explicitly incorporate data collection as a basic requirement for the NHS. Of course, discussions must occur as to how to pay for fulfilling this requirement. But the reality is, if we are serious about transportation operations, we must find the money somewhere for data collection.

· Make it a national policy to improve data collection beyond the NHS – The focus on the NHS is largely a resource issue. Since the biggest bang for the buck will be obtained on the NHS, first priority is rightfully there. However, to achieve the operations vision beyond the NHS, similar data collection is needed. The U.S. Department of Transportation, its modal administrations and other national organizations such as ITS America, ITE and APTA, should encourage and support action of state and local agencies – and when possible the private sector – to establish, operate and maintain comprehensive, quality data collection systems. Activities such as outreach, peer-to-peer communications, case studies, information exchange and training should be conducted. These efforts should include the transit industry as well.

· Establish an environment that encourages innovation in data collection, sharing, and use – Programs need to be established to foster increase in cost-effectiveness of data collection devices, data sharing techniques and applications using the data. Innovation is not solely technical however. New funding and business models should be examined and tested. National approaches to data collection should be investigated and encouraged. For example, maybe the public sector could fund an initial “backbone” with private sector partnerships for further advances, such as increasing the resolution of the data or filling coverage gaps. Filling the data gap needs to be viewed as an exciting and potentially lucrative area of opportunity, both for organizations and talented professionals.

To close, I would like to provide an example of what is possible if nationwide data collection were in place in the United States.  Such a system is already in place in the United Kingdom.  Established primarily to support traveler information systems, this infostructure is being used for applications well beyond that.  Appendix A contains a recent press release by Trafficmaster, the firm that operates the nationwide data collection system in the UK, illustrating how the data can identify national trends in congestion and its impacts.  Imagine the improved policy discussions in Washington – and state capitols – if we had this type of information…
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Appendix A

NEW RESEARCH HIGHLIGHTS INCREASING RISK OF MOTORISTS BEING CAUGHT IN CONGESTION 

(Excerpted from an August 9, 2001 News Release)

The likelihood of motorists being stuck in traffic congestion has risen sharply over the past four years. According to the latest data derived from Trafficmaster’s nationwide network of traffic sensors, many congestion blackspots carry a greater chance of delay than a year ago and the risk of delay is increasing as more drivers try to avoid jams by either leaving earlier or staying later at work. 

Between 1997 and 1999 there was a 5-10% chance of being delayed on a journey. But since then the risk has increased, particularly on the M25, the M1, the M4 near London and the M6 near Birmingham. On the M25 between junctions 10A and 21A last year, there was a 17% chance of being delayed by at least four minutes, this year the level of risk has increased to nearly 30% and in addition the spread of the delays is much longer. 

Motorists who travel regular routes have tried to beat the jams by starting out earlier and finishing later, however these motorists have inadvertently added to the problem, causing much longer periods of rush hour congestion. In certain areas, congestion can start as early 6am and continue through to 9-30am. On the M1 northbound between junctions 4A and 12, the chance of being delayed has risen from 25% last year to nearly 40%. On the M6, rush hour periods are increasing with a 22% chance of being delayed for 10 minutes, compared to 12% last year. Other areas have seen more modest increases, but the general picture is a worsening of traffic problems on main motorways and trunk roads, resulting in an estimated cost to British business of around ₤20 billion per annum. 

Trafficmaster’s UK information network has been established for over ten years, and now covers 8,000 miles of the country’s motorways and trunk roads. Data from the network of over 7,500 sensors is transmitted directly to the Trafficmaster Control Centre 24 hours a day, 365 days a year, to provide the most comprehensive source of live traffic information in the UK.

This paper advocates the establishment of a national transportation “infostructure” that will provide the data necessary to support effective transportation operations.





As more transportation agencies move aggressively toward system operations and performance measurement, the need for comprehensive quality data becomes imperative.





Figure 1 – Why people seek information (survey of Washington DOT web site users)





Table 1 – Proposed Real-Time Data Requirements for Typical NHS Corridors





Figure 2 – Proposed Weather Data Requirements for the NHS





Figure 3 – National Summary of Deployment (by % of deployment opportunity)





Managing and operating the transportation system so that its performance exceeds customer expectations can only occur in a data rich environment.





Can we create an environment that leverages public and private investment to improve the breadth, depth, and quality of data?





Without a true picture of their environment, both users and operators are making decisions with less than optimal information.





A conclusion to be drawn from this information is that the importance of data collection is beginning to be understood, but that ubiquitous data collection is unlikely to occur without additional efforts.   





Increasing trip reliability and predictability requires much broader data collection and perhaps a change in thinking in data collection planning.  





If we can evolve data collection into a national phenomenon, we will have the laws of economics and innovation working for us, not against us.  





The policy issue up for debate is simply: Should developing a transportation “infostructure” be a national priority?





By 2005, 27 metropolitan areas project they will have 50% or more of their freeways under electronic surveillance.





Establishing data collection requirements in any or all of these areas can be based upon user needs and will not result in establishing market monopolies for particular vendors.





One of the barriers to establishing data collection systems is they do not yield direct benefits, however wise utilization of generated data can yield significant benefits.





The data gap is having a profound effect on agency abilities to monitor and manage their systems and it severely limits the utility of traveler information.





If we are serious about transportation operations, we must find the money somewhere for data collection.





Data collection guidelines should become part of the design standards for the National Highway System.





Warren Hoemann, vice president of the California Trucking Association recently said, “we don't like delays, but we definitely don't like unreliability.  We need to know how long a trip is going to take.”





The national importance of the NHS cannot be overstated given that over 40% of traffic, 75% of truck traffic and 90% of tourist traffic is carried on the roughly 161,000 mile system, just 4% of the nation’s roadway mileage.





The principal benefit of ATIS to travelers is improved time management.
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