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ABSTRACT

Traffic congestion and the resulting air pollution caused by vehicles justifiably inspire a search for solutions. One proposed solution that has gained widespread popularity is the addition of light rail transit to the mix of travel options available in urban regions.


The idea is that if enough drivers could be enticed out of their cars a positive contribution to reducing traffic congestion and air pollution could be made. Building new rail systems is expensive. One way to hold down costs is to put new rail lines into existing streets. The expense of buying right-of-way is largely avoided. So, too, are the huge construction expenses tied to underground or elevated alignments. This had led to in-street alignments as the preferred alternative. However, in-street alignments have the side-effect of reducing roadway carrying capacity.


In order for light rail to make a positive contribution toward reducing traffic congestion and air pollution the side-effect of reduced roadway capacity would have to be smaller than the primary effect of luring drivers out of their cars. This proposition is examined for the Phoenix region. Projections indicate that the side-effect of reduced roadway capacity is larger than the primary effect of luring drivers out of their cars. Consequently, adding light rail is not a promising option for mitigating these urban problems.

INTRODUCTION 

Growth in traffic has outpaced growth in population ever since the automobile was introduced into mass production. This puts great demands upon our transportation infrastructure. Trying to keep up with growing traffic by building more roadway capacity is a daunting task, particularly in urban regions. There are limits to how many lanes of roadway can be crammed into cities. The result is increased traffic congestion and potentially higher levels of air pollution in urban regions. 

Theoretically, public transit should help mitigate urban traffic congestion by replacing many automobile trips with a smaller number of high-occupancy vehicle trips. In terms of carrying capacity, a transit bus can serve 15 times as many person-miles per vehicle mile as a typical automobile. A light rail train has a carrying capacity about 100 times larger than a typical automobile. The prospect of reducing urban traffic congestion by luring would-be automobile drivers onto public transit is tantalizing.

For a long time the assumption has been that by implementing more public transit service options we would be taking action that would reduce traffic congestion. The problem has been that despite spending $500 billion to expand the quantity and quality of public transit over the last four decades, the share of travel via public transit modes has declined. While the number of transit passenger miles have been boosted over this period, transit’s share of urban travel has decreased (see Table 1: Transit’s Share of Urban Travel).

In the last two decades, more and more cities, have been turning to light rail as a prospective saviour in the battle against urban traffic congestion. A light rail train in a three-car configuration can carry about six to seven times as many passengers as a standard transit bus. Light rail tracks can also be built at-grade in city streets. This is considerably less costly than either an elevated or subway alignment. The relatively high capacity compared to a bus and the low cost compared to a subway or elevated track seemingly make light rail the ideal compromise solution for meeting urban travel needs.

For light rail to make a positive contribution to reducing traffic congestion, though, the number of persons it diverts from driving must exceed the negative impact an in-street alignment has on roadway capacity. When light rail tracks are built in the street they occupy space that could have been used by motor vehicles. The loss of two lanes of roadway (three where light rail stations are located) for motor vehicle travel squeezes the remaining traffic into a narrower facility. In addition, light rail trains are typically granted the authority to pre-empt traffic signals. This will further impede the flow of motor vehicles on the streets served by light rail trains.

The question of which effect is larger—the traffic reduction impact of diverting drivers from their cars or the traffic impeding impact of locating light rail lines in city streets—has been addressed in the Central Phoenix/East Valley Light Rail Project: Final Environmental Impact Statement and Section 4(f) Evaluation. (1) Among other things, this report attempts to project the traffic and air quality conditions in the year 2020 if a 20-mile minimum operating segment of light rail is built vs. if it is not built.

TRAFFIC CONGESTION

Traffic congestion results when too many vehicles try to use the same roadway at the same time. Vehicles impede each other and slow down the movement of traffic over the roadway. If enough of those who would otherwise drive could be induced to switch to public transit, the number of vehicles trying to use the roadway would be decreased. This could reduce traffic congestion if the number of diverted automobile trips is larger than any negative consequence caused by public transit vehicles’ larger size and slower speeds.

The prospect of carrying up to 500 persons at once in a three-car light rail train seems a promising option for reducing automobile trips. Of course, not all 500 light rail passengers on a given train are diverted from driving an automobile. Some will be diverted bus riders. Others will be newly generated trips. So, the gain in reduced automobile trips is not as large as the total passenger ridership. Nevertheless, adding light rail is bound to reduce the number of trips made in privately owned automobiles.

Adding light rail in an in-street alignment will unavoidably reduce the carrying capacity of the roadway. Typically, two lanes that previously would have been accessible to motor vehicles are taken up by light rail tracks. Unlike the temporary use of roadway capacity represented by bus transit (i.e., once a bus passes, the lanes are again available to handle other motor vehicles), light rail permanently removes access to these lanes. Motor vehicles are only permitted to drive over light rail tracks at a limited number of designated crossings.

The question is whether the reduced capacity is more than offset by the reduced number of automobile trips or whether the reverse is the case. In an effort to answer this question, the Maricopa Association of Governments (MAG) ran its “Travel Demand Model” comparing the traffic impacts for conditions without light rail (“no build” option) and with (“build” option) for the year 2020. The results are portrayed in Table 2.

The most outstanding feature of the data is the extraordinarily small difference between the “build” and “no build” alternatives. With one exception, all of the impacts are in fractions of one-percent. The one exception is an impact slightly higher than one-percent. It is clear from this that the addition of light rail will not be a significant factor in addressing traffic congestion problems in the region.

The addition of light rail to the traffic mix is expected to reduce vehicle miles of travel (VMT) in the region by 0.04% (four-hundredths of one-percent). This is the equivalent of taking one car in 2500 out of the stream of traffic. The impacts projected for the corridor to be served by light rail are somewhat larger. Corridor VMT is expected to be reduced by 0.13% (thirteen-hundredths of one-percent). This is the equivalent of taking one car in 750 out of the traffic stream. These percentage reductions in traffic resulting from adding light rail are dwarfed by the region’s projected annual 3% growth in VMT. If eventual gridlock is the fate to be averted, light rail’s impact on VMT would delay impending gridlock by about two weeks.

The reduction of VMT is normally expected to reduce delay for the remaining motor vehicles. However, since the roadway capacity is reduced by displacement of two lanes occupied by the light rail tracks, the smaller VMT might be offset. Projected vehicle hours of travel (VHT) indicate that the loss of capacity is a larger factor than the diversion of drivers from their cars. For the region, the addition of light rail is expected to increase VHT by 0.45%. For the corridor served by light rail, VHT are expected to increase by 1.23%. So, even though there are expected to be fewer miles traveled, it is expected to take longer to make these trips if light rail is added to the traffic mix.

The negative impact on congestion from adding light rail is further illustrated by projected motor vehicle speeds. Under the “no build” option, speeds in the region are projected to average 22.4 miles per hour (MPH) by the year 2020. Under the “build” option, speeds in the region are projected to average 22.3 MPH. Figures for the corridor to be served by light rail are similar. Under the “no build” option, speeds are projected to average 17.9 MPH. Under the “build” option speeds are expected to average 17.7 MPH. 

The impacts are small, but the notion that building a light rail track in the street is an option for reducing future traffic congestion is confounded by these data.

AIR POLLUTION

Though it may not be widely known, urban air quality has been improving over the last few decades. Even though VMT have dramatically increased over these decades, the amount of pollution has declined. Taking carbon monoxide as an example, in Phoenix, violations of the Environmental Protection Agency standards used to be common, “everyday” events (see Figure 1: Carbon Monoxide Pollution in Central Phoenix). Now, violations are rare events. 

These gains were attained at a time when public transit never carried as much as one-percent of the person-miles of travel in the region. The credit for any improvements in air quality must go to improvements made in automobiles and the fuels they use. Compared to automobiles built in the 1960s, cars today emit 97% less carbon monoxide. (2, p. 13) With fleet turnover and existing employed technology, urban air should continue to improve despite an expected increase in vehicle-miles of travel. This, in fact, is what is projected in the Valley Metro environmental impact statement.

Table 3 shows the projected one and eight hour levels of carbon monoxide at 12 test sites in central Phoenix in the year 2020. Regardless of whether light rail is built, future pollution levels are expected to decline from existing levels. For the “build” option, pollution levels are expected to lower at three sites and higher at eight sites compared to the “no build” option for both the one-hour and eight-hour measurement periods. Over all, carbon monoxide pollution is expected to be slightly higher under the “build” option.

Expectations for higher pollution as a result of adding light rail to the traffic mix are confirmed by the environmental impact statement’s acknowledgment that carbon monoxide levels will deteriorate, but not by enough to trigger any violations of EPA standards. (1, p. 4-49). This conclusion is consistent with the data showing projected increases in VHT if light rail is added to the traffic mix.
Again, the impacts are small, but the notion that building a light rail track in the street is an option for reducing future air pollution is confounded by these data.

CONCLUSION

Concerns about the growth of motor vehicle traffic and its impacts on air quality are warranted. We can’t expect to keep adding vehicles to an existing road network without severe reductions in travel speeds. Solutions to the demand for more mobility in the face of this growing crush of traffic are sorely needed.

Solutions, though, must be sensible options that do more good than harm. Given the data for this Phoenix case study, it would appear that one frequently suggested solution—adding a light rail travel option—is a dubious undertaking. At best, the likely impacts would be minimal, leaving the problem of traffic congested virtually untouched. Worse, though, is the prospect that adding an in-street light rail alignment will actually make traffic more congested than it would otherwise be if no light rail system existed.

Granted, Phoenix is only one city. Results might differ in other cities. However, given the relatively poor drawing power of public transit combined with the unavoidable loss of roadway capacity from in-street alignments, it seems probable that similar outcomes would be common in other cities.

At the very least, before venturing to invest the rather large sums required to construct new light rail systems, urban planners and decision makers would do well to seriously consider other options.  
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	Table 1: Transit’s Share of Urban Travel

	Year
	Transit Passenger-miles (in billions)
	Automobile Vehicle-miles (in billions)
	Transit share

	1960
	46
	309
	13%

	1965
	38
	420
	8%

	1970
	34
	545
	6%

	1975
	34
	691
	5%

	1980
	40
	813
	5%

	1985
	40
	995
	4%

	1990
	41
	1,217
	3%

	1995
	40
	1,409
	3%

	2000
	47
	1,570
	3%

	2001
	49
	1,582
	3%

	Sources: Public Transportation Fact Book (American Public Transit Association, various years) and Highway Statistics (Federal Highway Administration, various years).


	Table 2: Impact on Daily Traffic

	
	Build
	No Build
	Impact

	Region

	VMT
	108.21M
	108.26M
	-0.04%

	VHT
	4.85M
	4.83M
	+0.45%

	Speeds
	22.3 mph
	22.4 mph
	-0.1 mph

	Corridor

	VMT
	18.25M
	18.28M
	-0.13%

	VHT
	1.03M
	1.02M
	+1.23%

	Speeds
	17.7 mph
	17.9 mph
	-0.2 mph

	Source: This is a composite of tables S-8 & S-9 in the Central Phoenix/East Valley Light Rail Project: Final Environmental Impact Statement (Valley Metro)

M = million


	Table 3: Worst Case Carbon Monoxide Parts/Million

	
	
	Year 2020

	One Hour Levels
	Existing
	No-Build
	Build
	Impact of Build Option

	Bethany & 19 Av
	7.5
	6.0
	6.9
	+0.9

	Camelback & 19 Av
	7.8
	6.2
	7.3
	+1.1

	Van Buren/Grand/7 Av
	6.9
	6.1
	6.4
	+0.3

	Indian School & 7 St
	8.7
	7.4
	7.3
	-0.1

	McDowell & 7 St
	8.7
	7.7
	7.5
	-0.2

	I-10 & 7 St
	5.7
	4.8
	4.8
	0.0

	Washington & 32 St
	5.7
	5.1
	5.4
	+0.3

	Apache Blvd & Rural
	8.6
	6.9
	7.7
	+0.8

	Apache Blvd & McClintock
	10.7
	8.3
	8.8
	+0.5

	Broadway & Dobson
	10.0
	9.9
	7.8
	-2.1

	Broadway & Extension
	6.1
	5.4
	5.7
	+0.3

	Apache Blvd & Price
	4.9
	4.2
	5.5
	+1.3

	   Average
	7.6
	6.5
	6.8
	+0.3

	Eight Hour Levels
	
	
	
	

	Bethany & 19 Av
	5.3
	4.2
	4.8
	+0.6

	Camelback & 19 Av
	5.5
	4.3
	5.1
	+0.8

	Van Buren/Grand/7 Av
	4.8
	4.3
	4.5
	+0.2

	Indian School & 7 St
	6.1
	5.2
	5.1
	-0.1

	McDowell & 7 St
	6.1
	5.4
	5.3
	-0.1

	I-10 & 7 St
	4.0
	3.4
	3.4
	0.0

	Washington & 32 St
	4.0
	3.6
	3.8
	+0.2

	Apache Blvd & Rural
	6.0
	4.8
	5.4
	+0.6

	Apache Blvd & McClintock
	7.5
	5.8
	6.2
	+0.4

	Broadway & Dobson
	7.0
	6.9
	5.5
	-1.4

	Broadway & Extension
	4.3
	3.8
	4.0
	+0.2

	Apache Blvd & Price
	3.4
	2.9
	3.9
	+1.0

	   Average
	5.3
	4.6
	4.8
	+0.2

	Source: Central Phoenix/East Valley Light Rail Project: Final Environmental Impact Statement (Valley Metro).
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