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Abstract: Urban congestion has increased dramatically in all major metropolitan areas in the U.S. This paper challenges the conventional planning perspective that building additional roads is counterproductive. Rather, transportation planners need to re-conceive the 21st century transportation network based on a more accurate and contemporary understanding of travel patterns and complexities. New technologies and engineering techniques allow for a wider range of options for expanding physical road capacity and managing existing capacity more efficiently, and new financing tools have emerged that make physical capacity expansions economically viable. The critical task before transportation policymakers is transforming a network designed to serve a largely domestic, interurban, manufacturing-based economy into one capable of efficiently meeting the needs of a dynamic, service-based, globally competitive economy. 
INTRODUCTION


Traffic congestion is now one of urban America’s most pressing social and economic problems and received new national prominence when the U.S. Department of Transportation unveiled a national initiative to reduce urban traffic congestion in the spring 2006. The federal government’s interest, however, is hardly leading edge; it’s rooted in broad, widespread discontent with falling mobility on the local level. Congestion now ranks among the top local and regional concerns among citizens (see the discussions in Woolfolk 2006, Economic Development Research Group 2005; Walker 2005; Balaker and Staley 2006). 

Congestion’s impact on urban economic competitiveness should not be dismissed lightly. Mounting evidence suggests that congestion is economically debilitating (Balaker and Staley, 2006). Moreover, at current trends, most major metropolitan areas will be faced with severe congestion (LOS F or worse) throughout the regional transportation network by 2030 unless steps are taken immediately to arrest its growth (Hartgen and Fields, 2006). Reducing congestion, however, will require more than simply laying more asphalt. The key will be for transportation policy makers to ensure that the right kind of capacity is put in the right place at the right time. This paper fleshes out this thesis more completely in the following sections by briefly exploring the economic justifications for addressing congestion, discussing the role physical system capacity expansion has played in addressing past congestion needs, and how changes in travel patterns and behavior necessitate a new way of addressing mobility and congestion in globally competitive metropolitan areas. 
ECONOMIC IMPLICATIONS OF RISING CONGESTION

Speed and mobility are important for economic competitiveness and business profitability.  Mobility is an important factor in improving economic productivity (Prud-homme and Lee 1999; Cervero 2001; Balaker and Staley 2006). Investments in highways can improve the profitability of businesses although the benefits of these investments have declined in recent years (Shirley and Winston 2004; Boarnet 1997a, 1997b). In the 1970s, highway investments generated rates of return of 15 percent or more by helping businesses reduce logistics costs through lower transportation costs. These benefits included lower freight rates, increased travel times, greater reliability within the transportation system, reduced inventories, and the ability to adopt “just in time” manufacturing and supply strategies. By the 1980s and 1990s, however, the rate of return for highway investments had fallen to 5 percent (Shirley and Winston 2004). The reasons for this fall in rate of return are important for understanding why a new policy framework for congestion mitigation is necessary, and explored in subsequent sections of this paper.
Economically the effects of congestion on economic productivity are not intuitive. Indeed, many planners and transportation planning agencies do not give traffic congestion reduction a high priority in their long-range transportation plans (Hartgen and Fields, 2006; Balaker and Staley 2006).  This contrasts with most economic thinking that considers congestion a negative externality that dampens economic productivity and reduces the quality of life. Indeed, a leading urban economics text analogizes congestions to a “tax” (O’Sullivan 2006). While economists do not believe eliminating all congestion is necessarily efficient, they generally believe lower average speeds and lost time in traffic congestion dampens economic potential.

On the one hand, this lost productivity is direct—time spent on a bus, train, or in a car is not productive time. This translates directly into higher input costs and lower profit margins, all other things equal. To the extent commuting becomes stressful, the debilitating economic and social impacts can be even more severe (Balaker and Staley 2006).

Congestion’s impact, however, has important geographic and spatial impacts on a region’s economy. Transportation analysts have long recognized the so-called “Law of Constant Travel Time”, a general observation that households tend to live within a 30 to 45 minute commute to their primary place of employment (Bernick and Cervero 1997). Notably, the metric is time, not physical distance. Thus, as congestion increases, the commute shed shrinks—a job 20 miles away but within a 30 minute commute how becomes out of reach if congestion significantly increases travel times. Similar impacts influence access to labor force by businesses. Thus, as travel times fall, and congestion becomes more severe, regions become more isolated and segregated. In short, regions become economically “balkanized”. As businesses have less access to workers, and workers have fewer jobs to choose from, the regional economy is less effective at matching skills with needs, reducing overall economic productivity. This was the fundamental insight of Prud-homme’s body of work on transportation, traffic speed and urban form.
Examining the effects of congestion through the lens of economics provides an important insight for transportation policy and investment. Traditional approaches to congestion relief have focused on engineering solutions—maximizing the number of vehicles traveling on a particular part of the road network. (This goal has been operationalized using indicators such as volume to capacity ratios.) The economic perspective suggests the speed (and reliability) of travel may be as important if not more important than the total number of vehicles passing through a point of section of a network.
This insight is important because maximizing throughput often implies reducing overall speeds. Roadway capacity is maximized at speeds below “free flow” (Transportation Research Board, HCM 2000).  Indeed, the highest volumes of traffic often occur during the periods of lowest average speeds during the weekdays. If time is more important than throughput, analyses of the economic impacts of congestion based on traditional engineering concepts such as vehicle to capacity ratios are underestimating the negative impacts. Within the transportation policy making community, then, a tension exists between those interested in maximizing the volume of traffic to ensure facilities are used at maximum capacity and those that believe that increasing average speed is critical to the economic productivity and competitiveness of a region. Empirical support (albeit anecdotal) for this principle can be found in the 91 Express Lanes in Orange County where users pay the full costs of maintaining and operating the lanes through variable rate tolls (Balaker and Staley 2006).
CHANGING TRAVEL PATTERNS AND NETWORK DESIGN

Maximizing speed also has important implications for network design and transportation investments. Understanding travel patterns becomes even more central to traffic management strategies as well as determining which capacity improvements are more likely to be effective. Americans have traditionally adjusted their commute times through one of two ways: Moving their home or their job. If they believe a new job is permanent or stable, they will purchase a home that is closer to where they work (Gordon and Richardson, 2001). Recent research on jobs-housing balance, for example, has found job and residential clustering to have a significant impact on reducing commuting hours and distances (Cervero and Duncan, 2006). Nevertheless, despite cases where job and housing proximity still seems to have a significant impact, average commute times have been increasing nationally (Pisarski, 2006). This suggests the influence of three factors: 

· households are becoming more tolerant of longer commutes to achieve the neighborhood and households bundles they desire;

· the labor force (and commuting patterns) have become more complex and residential choice reflects the needs of two full-time wage earners, or family members with multiple jobs;
· Physical infrastructure has not kept pace with travel demand, leading to more congestion and bottlenecks.
All three of these forces are likely in play. Pisarski (2006) has provided detailed information on commuting patterns based on the 1990 and 2000 census. Traditional, central city—suburb commutes now constitute about 16 percent of total commutes (Figure 1). Suburb-to-suburb commutes are almost double traditional commuting. Moreover, Pisarski found that the fastest rising component of a commuting trip was the “extreme” commute—a daily trip to work of 60 minutes or more.  
FIGURE 1 HERE

Physical infrastructure has also not kept pace with travel demand. Since 1980, travel demand has doubled while the road system has expanded by less than 4 percent (Balaker and Staley 2006). More progress has been made in urban areas, but travel demand still outstripped physical capacity expansion by at least three to one and perhaps has much as four to one (see Balaker and Staley 2006). 
FIGURE 2 ABOUT HERE

The pattern of underinvestment in road capacity is starker when annual changes in demand for travel is compared to changes in the roadway network. Travel demand increased by 2 percent or more in every year except 1991 (a recession year) and 1999. Travel demand increased by more than 4 percent in 13 of the last 24 years. Lane miles of roadway, in contrast, increased by less than percent in each year except three: 1992, 2003, and 2004.

FIGURE 3 HERE

Another, perhaps more important concern for planners and other transportation policymakers is the belief that the tools, technologies, and funds necessary to improve traffic flow and reduce trip times simply do not exist.  This concern is based on two historical observations about transportation management and network design. First, investments in the road and highway network can not keep pace with traffic demand, leading to “induced demand” where new roads and improvements quickly become congested as new travelers take advantage of the new capacity. Second, traditional approaches to capacity expansion have focused on dramatic expansions of horizontal physical capacity, creating unsightly and cumbersome highways with eight, nine, ten or more lanes in each direction.

However, cutting edge approaches to traffic management and road network design allow policymakers to avoid the specter of “paving over America”. Investments in road infrastructure in places such as Austin (Texas), Boston, Sydney (Australia), Geneve (Switzerland) and Paris (France) have used various forms of tunneling, elevated roads, and environmental design to greatly reduce the impact of physical transportation improvements on the urban landscape (Samuel 2006).


A more contemporary approach to transportation policy should combine a nuanced understanding of the needs of global metropolitan economies with the technological advances that have improved the efficiency and design capabilities of regional road networks. America’s mobility needs are fundamentally different in the 21st century. Unfortunately, the nation’s road transportation network was designed in the early 20th century and built in the late 20th century. Its rail system was built in the 19th century. Fixed routes and roads “hard wired” to one or two major employment centers (or downtowns) made sense in an industrial economy where mobility was already very low. Connecting urban regions through interstate highways and interstate railroads also made sense when they greatly lowered transportation costs and connected regions together economically. In the late 19th and early 20th centuries, commuters made most trips within urban areas, very dense cities made walking from place to place efficient, and a relatively centralized and concentrated manufacturing economy meant large numbers of workers could travel to and from work using fixed route mass-transit systems.


In the 21st century, mobility has been democratized. Rather than relying on specific companies to set routes, or make investments in certain types of technology such as buses or trolleys, workers and households tailor their transportation choices to highly individualized and ever changing needs. Transportation choices are customized. This is evident in the widespread embracement of “auto mobility” and use of cars, trucks, SUVs, minivans, and others vehicles to provide customized transport. Eighty five percent of work trips nationwide are made by automobile while just 6.2 percent are made by transit and 5.6 percent by walking. Moreover, the high levels of mobility in the 21st century American city allows travelers to be more discriminating and selective in the choosing their travel modes. Higher income transit travelers, for example, are significantly more sensitive to price, convenience, and service quality because they have alternatives (Litman, 2006). Low-income transit users are much less sensitive to these characteristics of service because they don’t have choices.

Commuting and travel has become more complicated and layered as mobility and customized transport has increased. More and more travelers are trip chaining. Now, travelers might drop their kids off (or pick them up) at school, stop by the dry cleaner, meet a client for coffee, or visit the doctor’s office. This does not necessarily imply that work trips are less relevant to the patterns of commuting and travel. On the contrary, they are still critical factors (Pisarski 2006). In 2000, according to the U.S. Census, only 24 million commuting trips were within central city counties. Forty million commuting trips where within suburban counties. Another 16 million were “traditional” suburb to central city commutes while 7.5 million were “reverse” commutes (central city to suburban county). Almost 10 million commuting trips were to jobs outside the home urban area. If we included non-work trips, this pattern would be even more complex and dynamic.

The complexity of modern commuting and trip chaining requires transportation policy makers to rethink their strategies for tackling congestion. Investment decisions based on old models—commuting to and from the central city core with one or two major employment centers—will not adequately address traffic management and congestion concerns in the 21st century. Policymakers can no longer look at traffic problems as a question of fixed routes that serve well-defined target populations and types of trips. Instead, they will need to focus on networks of roads and corridors that provide multipurpose links to different parts of the urban area. These networks will be dynamic, changing with traffic flows, the times of the day, and long-run shifts in work and lifestyle preferences. These patterns have dramatic implications for how regional transportation networks are designed.
A NEW PERSPECTIVE ON METROPOLITAN TRANSPORTATION NETWORKS

The transportation network serves a very different function and customer base in the 21st century compared to earlier periods. In the 18th century, water and horse served as primary means for transporting people goods and services. This was a very expensive way to transport goods. At the time of the American Revolution, transporting clothing and other dry products 30 miles into the colonial interior could cost as much as shipping it across the Atlantic Ocean (American  Association of State Highway and Transportation Officials, p. 10).  This had dramatic impacts on settlement patterns.  Two-thirds of the fledgling nation’s population lived within 50 miles of the Atlantic coast. The population began to sprawl to the frontiers of the Midwest, Plains, and eventually West Coast along with the East-West expansion of the railroads. The Interstate Highway System linked all the nation’s major urban areas in a dramatic way after World War II. 

Meanwhile, cities were expanding outward, and road infrastructure followed suit. Most cities and regions responded to the growing demand for automobile travel by paving over horse and walking paths, or widening the grid on which the cities and downtowns were platted. The grid and major arteries extended outward with the downtown serving as a “hub” and the roads as “spokes” that linked outer areas to the commercial core. Only later, primarily in the late 20th century, did cities start investing in the “rim” that linked growing suburban areas.


This pattern of road investment reflected two strikingly different ways of “engineering” mobility. The first linked urban regions through a vast network of limited access highways. The second approach used incremental capacity expansion on the local road network to meet rising travel demand. Most development followed existing road networks as homes and businesses expanded into the periphery. As densities increased as land use transitioned from agricultural to residential and even industrial uses, neighborhood commercial centers developed at key intersections, roadways quickly filled beyond capacity. 
Roadway expansions typically lagged development. This lag can be explained, in part, by the way we finance roads. As a “public good”, governments typically have the responsibility for designing, building, and maintaining them. Governments that rely on legislative decisionmaking operate slowly and deliberately by design (Staley 2001). Because government’s primary purpose is to determine the rules and procedures for governance, not the direct provision of services, they have little incentive to be on the cutting edge of service delivery. Also, the legislative decisionmaking process tends to politicize investments and service delivery because revenues are not tied directly to consumer preferences as in the private sector. Roads were traditionally financed using general taxes, prompting legislative review given the broad-based and coercive nature of taxation. Since rural roads are typically designed and built at excess capacity—farm tractors and trucks rarely need the full capacity of a two-lane paved road—new development tends to overtake the road capacity before the legislative process enables sufficient new investment to stem rising congestion. Thus, the deliberative process inherent in representative democracy tends to perpetuate a lag in investment. Combined with the long-term character of road investments, which by their nature require a higher level of legislative scrutiny, significant lags in infrastructure investment are the rule rather than the exception. 

In this context, building the Interstate Highway System should be considered the exception rather than the rule. The highway system’s congestion reduction benefits were an unintended and largely unanticipated effect. While some analysts at the time recognized the potential for reducing congestion, the interstate system was primarily an interurban connector that knitted together vast metropolitan regions of the nation. It successfully met this goal, and the system also contributed significantly to the nation’s economic growth by dramatically reducing transportation costs and improving efficiency. Another primary beneficiary of the system was local traffic. Most travelers end up using the network of limited access highways to make local trips. Not surprisingly, these limited access highways became primary routes for commuting into central cities. 
These urban expressways serve different purposes within economic regions in the 21st century compared to the industrial-era 20th century. Travel has become more dynamic and complex within and among regions. Transportation and mobility remain critically important to the global competitiveness of regional and national economies, but the way in which mobility influences competitiveness is much different. Rather than reducing transportation costs associated with moving goods and services among between regions, efficiencies are gained now by improving the mobility and access to human resources and improving their quality of life. In an economy where most new wealth is being created in high-end services, “back office” administrative functions, telecommunications and technology-based industries, access to a high quality labor force is critical. In the 21st century, this most productive and talented portions of the labor force—entrepreneurs, software engineers and designers—are also among the most mobile. This pattern is fundamentally reshaping the geography of urban areas and the role of labor access in the 21st century is critical to re-conceiving transportation networks within urban areas (see Kotkin 2000). Urban areas need to develop transportation networks that focus more on moving labor, workers, and households within urban areas efficiently and effectively than building “trunk” roads that maximize the flow of freight and goods between urban regions. 
TRANSPORTATION NETWORK DESIGN IN THE 21ST CENTURY

The modern-day transportation networks will need to recognize that the value added to the system must focus on improving the labor force and household efficiencies of the region in addition to serving the freight and commercial network functions. Transportation policy goals must represent a cumulative approach (passenger traffic needs added onto commercial needs) to building the network rather than a substitutional approach (replacing commercial traffic needs with passenger traffic needs). Twenty-first century regional road networks are inherently more complex, more layered, and more dynamic than any previous network. 

Rather than develop a road system rooted in a hub-and-spoke system, the 21st century transportation system will need to be characterized more like a web. The hub-and-spoke system hinged on wagon-wheel concept where major trunk roads that would carry large volumes of traffic from suburban areas to downtowns. The wheel’s rim would be made up of a large peripheral road such as a major beltway. 

In a web-like transportation system, the road network is balanced and interconnected. Rather than one area such as a downtown serve as a core or urban center, the network links multiple centers of residential, commercial, mixed use, and (to a lesser extent) industrial clusters. Thus, the purpose of a “beltway” is not to funnel traffic onto a major highway leading to a downtown. Rather, the beltway is one link is a interconnected network of similar high volume traffic links that bind together geographically dispersed (but economically ordered and efficient) towns, villages, and emerging cities. Because traditional downtowns serve important functions—often as regional government, cultural, and entertainment centers—the network cannot ignore them (nor should it). Yet, the downtown’s role is more balanced to reflect their economic significant in a region with multiple large employment centers. 
FIGURE 4 HERE

Returning to the web analogy, a spider web is held together by a finely integrated mesh of silk links. The silk links, however, are of varying densities and thicknesses. In a spiral web, the peripheral silk links are thicker, but thinner links hold the major sections of the network together. Notably, some webs have silk links formed in concentric circles where all links are similar in thickness. (These links also serve as an efficient transportation network for the spider when it descends on its prey.) This is a very robust (and successful) design for capturing a spider’s prey, but it also exemplifies the importance of having a well integrated network of links that allows ease of movement over a (relatively) large space and how a series of smaller segments can hold together a large geographic space by using a network design. No spoke or segment of the transportation system is dominant at any given point in time. The silk links in a spider web carry similar burden to maintain the structural integrity of a web. Much like the grid pattern moves traffic very quickly, smoothly, and efficiently on the local level, a series of network of higher volume arterials and limited access highways can greatly improve circulation within an urban area on a regional level.

In web-based network, the transportation system is configured differently. The wagon-wheel, hub-and-spoke system is cumbersome, fixed, and static in comparison. The limited access highway that is the backbone of the hub-and-spoke system is designed for long-distance travel—thick roadway trunk lines linking downtowns and major urban centers. Highways, for example, typically have exits a half mile or more apart, and many states prohibit exit and entrance ramps within one mile of each other. These highways are designed to funnel traffic over long distances.

This contrasts with the local road network of arterials. Neighborhood roads have frequent intersections, stops, and yields, and are designed for very low speeds (for safety and aesthetic reasons). The grid system in many 20th century cities maximizes traffic flow by providing maximum visibility along the road and minimizing obstructions. From this level, road capacity is expanded by lane widenings or additions. Local roads can become very wide—6 and 7 lanes across in areas attempting to channel very large volumes of local traffic. Yet, these roads are still designed based on basic principles of local traffic. Large intersections with stop lights that release traffic at specific, timed intervals are the dominant traffic management strategy. 

In a web-based traffic network, a new tier of roadway is needed to accommodate the complex traffic environment of the contemporary urban area. Traffic is more dispersed and dynamic as travelers attempt to access services, workplaces, and personal errands along a much broader geographic area. A level of intermediate roads—an intra-metropolitan highway system—needs to be developed that moves traffic within and across neighborhoods more quickly and efficiently. In other words, like the spiral spider web, regional transportation systems need links that are more balanced in density and thickness to provide a robust network for managing more dynamic and unpredictable traffic flows in multi-centered urban areas. This implies building up the regional network of major arterials and limited access highways, most likely as a series of concentric ring or gridded beltways.

An intermediate, intraregional road network becomes an essential feature of an efficient transportation network focused on increasing traffic speed and mobility within an urban region. New types of roads and intersections would have to be designed and implemented. For example, a “queue jumper” could be designed to use elevated roadways to divert through traffic on major arterials over intersections channeling local traffic. Exiting local traffic enters a standard intersection that is regulated by a four way (or more) traffic light. These exits, however, can be designed to minimize traffic interruptions by using elevated exit ramps that merge local traffic on the local road going in the same direction rather than stopping them with a traffic light or other signalization define. Boulevards and some parkways are precursors of this new tier of roads because they are designed to move larger volumes of traffic within a city unimpeded by traffic lights and signals. Boulevards, however, regulate traffic primarily through light signalization. The new tier of roads needs to allow for unimpeded traffic to achieve intermediate destinations. 

Another critical design feature of this missing intermediate road is the “flyover”. The flyover, as the name implies, diverts traffic onto elevated roadways for exiting or merging onto roads going in a different direction. Because traffic is taken out of the general flow and “flies over” oncoming or crossing traffic, travelers can merge seamlessly once they are aligned in the new direction. Flyovers allow for left and right turn exiting without the delays of traffic signals or stops.

Importantly, these design features are not a mere extension of the local road network. They fuse the advantages of the local road network—access to many points within a neighborhood or on an urban block—with a limited access highway—free flow travel speeds without significant disruptions. This road, however, does not provide the regional access of limited access highways or the local access of traditional arterials. Thus, it represents a new tier of roadway.
This new tier of roadways should also regulate traffic differently. Rather than relying on traffic signals, stop signs, and another traffic management tools designed to regulate flows by slowing or stopping traffic, new facilities should be built to keep through traffic moving consistently at relatively high speeds by bypassing local traffic and intersections. Queue jumpers, flyovers, and tunnels may be the physical manifestations of these innovations. 

More importantly, these facilities should regulate traffic volumes and speeds using electronic road pricing. Free flow speeds (LOS C or D) can be maintained on facilities such as queue jumpers by charging users based on traffic density similar to the 91 Express Lanes in Orange County, California and HOT lanes in Minneapolis. Moreover, these facilities can be financed completely or largely through these tolls. Thus, ETS technology allows transportation planners to determine what facilities can be built, where, and when based on user preferences. In short, ETS technology operationalizes willingness to pay criteria in transportation planning and management. 
Thus, the intermediate tier of roadway helps complete the road network because it can accommodate different levels of demand at different, sometimes varying, times of the day and be able to adapt as the urban area evolves economically and demographically. The needs of a neighborhood network dominated by soccer moms are not the same as the needs of neighborhoods dominated by empty nesters. Nor are these needs the same as professional couples or couples with young children. 

The changing dynamics of urban areas requires rethinking the technologies available to fill them. The complicating factor, of course, is that roads are long-term investments. In principle, they will last two or more generations before they need to be replaced. In other words, they last at least one family life cycle—young couple, soccer mom, empty nester. In addition, the physical character of the neighborhood is also likely to change (although not as quickly), evolving from green field, to low density residential, to mixed used, to medium density residential and commercial development. 

IMPLEMENTING THE 21ST CENTURY TRANSPORTATION NETWORK


The spider web analogy, while an apt descriptor, is not particularly tangible. Silk links are traveled by one arachnid. Major streets and roads are traveled by hundreds of thousands of drivers in any given region. In order for the urban area to work efficiently and smoothly, the silk links have to be the right size and manage the flow of traffic to maintain optimal speeds. Another way to visual the architecture of the metropolitan transportation network is to think in terms of the 30 minute labor market. The road network needs to be sufficiently robust, adaptable and large to ensure most of the labor force—80 percent or more—is within 30 minutes of their job, and the bigger the geographic size of the labor pool the more productive the economy can be. An efficient metropolitan transportation system, then, will have a sufficiently robust road network that workers can get to their jobs (or choose a route that will get them there) within 30 minutes. In congested urban areas, this will require major investments in new physical capacity and rethinking the technologies used to achieve it.

Modern engineering techniques allow capacity to be expanded in new and different ways. If roads can’t be built out, they can be built above and below. While more expensive, the traffic volumes, densities, and congestion levels in many major urban areas likely make these alternatives cost effective, particularly if they avoid the need to purchase expensive new rights of way in already congested and built up areas. Engineering technology allows single-pilon elevated lane placed in the median of existing highways (Samuel 1999; 2006).  These elevated expressways can be designed for adding two lanes (one lane in each direction) or four lanes (two lanes in each direction). Thus, by going up, capacity can be expanded dramatically.


Similarly, capacity can be added through tunneling. Innovations introduced by Cofiroute, an international engineering, consulting, and transportation concessionaire based in France, allows a pioneering new design to dramatically expand capacity for the A86 tunnel under Versailles outside of Paris. The design allows for double decking the tunnel (which will be paid for through toll revenues) to dramatically expand automobile capacity while preserving the integrity of the built landscape above. Thus, a four lane highway running through an urban area could conceivably triple its road capacity by adding lanes below and/or above.


In the U.S., these options are likely to be feasible only in large urban areas where traffic densities are already very high such as Los Angeles and Atlanta, or where infrastructure has significantly lagged increases in travel demand (Poole, 2006; Poole and Orski, 2003). Most urban areas still have substantial land available for horizontal expansion, or for securing the necessary rights of way to expand the highway system as growth occurs and travel demand increases (Holcombe 2001). Nevertheless, traffic densities are sufficiently high in several urban areas that elevated expressways and tunnels are financially feasible using tolling and public private partnership arrangements. Many could even cover their costs if toll revenues were used to fund the projects. Road pricing and tolling serve as crucial willingness to pay benchmarks for determining whether these investments are financial feasibility 

The costs of adding physical capacity are not trivial, however. Costs for individual segments of highway vary significantly, depending on soil type, grades, elevations, number and severity of curves, route choice, and regional construction costs. Bridges and tunnels often cost four to seven times those of surface limited access highways (Samuel 2006; Hartgen and Fields 2006). These high costs, however, do not imply these investments should not be made. The critical factor is whether users believe the benefits are sufficiently high to justify paying for their construction, maintenance, and operation. 

Fortunately, technology allows transportation policymakers to shift the decision criteria for new facilities investments away from traditional legislative and planning procedures to economic ones. Rather than prioritizing investments based on engineering and planning criteria, consumers can register their preferences through the market place and private capital markets (using public private partnerships). If tolling is used to generate revenues, a relatively simple cost-benefit calculation is possible by the private and public sectors: If the revenues are high enough to pay for the costs of adding the highway capacity, then the benefits (measured by consumers and businesses’ willingness to pay) are likely high enough to justify the investments. 


Another example of incremental capacity building would be creating individual routes that greatly speed up travel times and expand the geographic area for workers and travelers willing to pay for the opportunity. One example of this approach is the “HOT Network” (Poole and Orski 2003). Borrowing from the term HOT Lane—high occupancy toll lanes—the idea is to create a series of interconnected routes along major thoroughfares that give truckers and single occupancy automobile drivers access to free flow traffic lanes for a price. Typically, mass transit vehicles and high occupancy vehicles are allowed free access to the HOT Lane.

THE 21ST CENTURY TRANSPORTATION NETWORK: AN ILLUSTRATION

The example of a 14 mile trip to a neighborhood business or job illustrates how these technologies and solutions can improve quality of life and accessibility to all aspects of an urban area (Table 1). Our traveler begins their journey from their home (an apartment, townhouse, or detached home), and drives on local roads about three quarters of a mile to a larger arterial road that will take her to the expressway. The traffic management features of local roads will likely be very similar to current networks. Once the traveler reaches the major arterial—a major collector that connects local roads to a limited access highway—she will notice several differences from current road networks. If she needs to travel 2 miles on an arterial, normal road configurations would likely place traffic signals every half mile. She would have to endure four traffic light stops. If a typical traffic light stop delays the traveler 90 seconds, her trip is extended more than 10 minutes once stops at intersections and exit/entrance ramps are factored in. The innovative use of flyovers and queue jumpers—part of the new intermediate road tier—means means she will not have to stop at all unless she chooses too. She has already reduced her trip time by more than one third. By minimizing stops and maintaining free flow traffic speeds, her 13.75 mile trip will take 17.9 minutes (assuming that her destination is commercial and on a major arterial.
TABLE 1 HERE


The benefits of the system improvements become clearer when we compare the networked road system to its alternatives. Table 2 compares the free flow networked 13.75 mile trip to one where free flow conditions operate, but traffic signal delays are factored in on arterials and entrance/exit ramps. Under these conditions, the trip time expands from just under 18 minutes to almost a half hour. This is just barely within the 30 minute rule of thumb we’ve used to demark the outer bounds of a typical trip within a urban area according to the Law of Constant Travel Time discussed in Section 1. Almost all the added time occurs because the traveler must wait at traffic lights on the arterials. 
TABLE 2 HERE


The consequences are much more direct and severe if the road system is allowed to deteriorate to LOS F, or a travel time index of 1.3 in this scenario. Traffic light delays remain the same because they are not (in this example) influenced by traffic flows which now exceed the capacity of the road network. The delays accumulate in the slower travel speeds. At a travel time index of 1.3 (lower bound of LOS F), this trip takes twice as long as under the free flow, network-enhanced alternative. More importantly, it probably would not have been made at all because it falls outside the boundary of accessibility. This is a business that would not receive the patronage of our traveler, or be able to tap into the productivity talents of this worker.  Notably, twenty-eight urban areas currently operate with their regional transportation networks at TTI of 1.3 or LOS F or worse. By 2030, as many as 150 million people may live in urban areas with congestion levels at this level or worse (Hartgen and Fields 2006).


The advantages of the network-enhanced transportation system can also be seen in the estimate travel time indices for each trip. Under the current design, representing current technology without an intermediate level of roads, free flow traffic has an estimated TTI of 1.0. With LOS F on the major arterials and expressways, the estimated TTI is 1.25 (since the local road is not congested and stops at intersections do not add to the travel time). Under the redesigned, networked enhanced scenario, traffic congestion has been reduced below previous free flow levels. Travel time savings approach 40 percent of the previous road configuration.

CONCLUSION


The changing character of the urban economy, improvements in transportation technology, and advances in engineering techniques have dramatic implications for transportation policy. Traffic congestion is rising rapidly in every major urban area, and few metropolitan planning agencies are considering plans to significantly constrain its growth. Yet, the technology and tools exist to make significant inroads. Critical to reducing traffic congestion will be re-conceiving transportation planning in a way that recognizes the dynamic, varied, and complex travel patterns evident in today’s metropolis. The 21st century transportation system will have to reflect more of a network structure that is interconnected by design and consumer driven than one that focused on incremental improvements where decisions are made by political institutions (see Figure 5). 

FIGURE 5 HERE

Efficient transportation networks will resemble more of a spider web than a hug-and-spoke framework. A spider-web based designed implies a different type of design for regional transportation networks. Transportation planners will need to focus on developing more complete networks with significant redundancy to accommodate varied and dynamic travel patterns. New types of facilities such as flyovers, queue jumpers, and tunneling will have to be considered as part of the arterial road network in addition to limited access highways. Determining what facilities should be built when and where will need to be directed by consumer choice and behavior, implying a greatly expanded roll for tolling and other technologies that capture and operationalize willingness to pay criteria in transportation planning and facilities investment. 


Regardless, the competitive needs of the 21st century metropolis require a different kind and design of transportation infrastructure if improved mobility is embraced as a core goal of transportation policy. The current network, based on 20th century needs and travel patterns, is both inefficient and congestion inducing because it fails to adequately incorporate these changing needs and preferences.
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	Table 1: Characteristics of One-Way, Free-Flow Trip in a Networked Metropolitan region

	Segment
	 Avg

Speed
	Distance

(Miles)
	Time 

(Min.)
	Network traffic mgt. features encountered

	Local road
	25
	0.75
	1.8
	yield signs; stop signs

	Stop time
	
	
	1.0
	stop sign/traffic signal

signal optimatization

	Arterial
	35
	2
	3.4
	queue jumpers

flyovers

	Stop time
	
	
	0
	

	Urban expressway
	60
	10
	10
	surface lanes

elevated lanes

tunneled lanes

HOT lanes

	Stop time
	
	
	0
	

	Arterial (destination)
	35
	1
	1.7
	queue jumpers

flyovers

signal optimization

	Total 
	
	13.75
	17.9
	

	Free flow w/o enhancements
	
	
	
	

	TTI 1.3
	
	
	
	


	Table 2: Comparison of Networked Free Flow Trip to Unimproved Conditions and Congested Conditions

	Segment
	 Avg

Speed
	Distance

(Miles)
	Free Flow e 

(Min.)
	Unimproved Free Flow
	TTI 1.3

(LOS F)

	Local road
	25
	0.75
	1.8
	1.8
	2.6

	Stop time
	
	
	1.0
	1.5
	1.5

	Arterial
	35
	2
	3.4
	3.4
	4.9

	Stop time
	
	
	0
	6
	6

	Urban expressway
	60
	10
	10
	10
	14.3

	Stop time
	
	
	0
	1.5
	1.5

	Arterial (destination)
	35
	1
	1.7
	1.7
	2.4

	Stop time
	
	
	0
	3
	3

	Total 
	
	13.75
	17.9
	28.9
	36.2

	Travel Time Index
	
	
	0.62
	1.00
	1.25


Figure 1

Metropolitan Commuting Trends: 2000

Source: Alan E. Pisarski, Commuting in America III, (Washington, D.C. Transportation Research Board, 2006).
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Figure 2

Growth in the Demand for Travel Compared to Growth in Lane Miles in Urban Areas
Source: Federal Highway Administration, Office of Highway Statistics
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Figure 3

Annual Changes in Roadway Capacity Compared to Travel Demand
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Figure 4
Web Network of Regional Roads
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	FIGURE 5
Characteristics of the 21st Century Regional Transportation System



	
	Current Road System


	21st Century System

	Network structure
	Interconnected (incremental)
	Interconnected 

(by design)

	Providers


	Multiple, largely based on political authority
	Multiple, based on functionality & specialty

	Ownership


	Public
	Public & private

	Revenues


	Taxes
	User charges/fees

	Investment criteria


	Political/legislative
	Return on investment

	Nature of investment


	Stable, long term
	Adaptable, flexible

	Pricing


	Rare
	Demand-based

	Institutional response to congestion
	Discourage travel
	Use higher to pay to expand capacity

	Incentives for maintenance
	political, driven by legislative process
	Maintain or increase asset value

	Response to technology


	Cautious
	Entrepreneurial

	Source: Adapted by the author from analysis provide by Robert W. Poole, Jr., director of transportation studies, Reason Foundation, Los Angeles, California. 


END NOTES






� FHWA data might overestimate that amount of miles actually added to the transportation network. Urban highway data are based on census designations of an “urbanized area”. Urbanized areas change over time, often bringing formally rural areas into its boundaries as it becomes urbanized (achieves suburban and urban population densities). Thus, some of the “new miles” may be a statistical artifact of bringing previously existing highways into the revised boundaries of newly expanded urban area. The author thanks Wendell Cox for bringing this point to his attention.
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