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clear that freight is a major contributor to transportation air pollution.  Freight 
operations, particularly rail, also require large amounts of land.20  Finally, as noted 
above, commercial trucks may be as much as half the traffic on rural-Arizona 
interstate highways, reinforcing their significant negative effect on state air quality 
and energy usage. 

 
Opportunities 
 
The huge flow of freight through Arizona represents a significant opportunity if incentives 
can be created for some of the traffic to stop in Arizona for value-added and support 
activities.  In addition, there are significant opportunities to work with the Arizona 
transportation and warehousing industries to support the state’s ongoing interest in advanced 
technology. 
 
Inland Ports. Much of the freight through Arizona originates at Southern California ports or 
is destined for Southern California for distribution there.  Congestion at the ports has led 
several Arizona communities to consider establishing an “inland port.”  Inland ports allow 
importers and exporters to postpone container unloading/loading and distribution of import 
shipments by moving the import containers off the ship and away from seaports to less 
congested inland-processing centers, where land and labor is less expensive.  These inland 
ports relieve the seaports by taking over much of the freight handling that is currently done at 
crowded port facilities.  The most prominent Arizona inland-port possibilities are: 
 

• Puerto Nuevo in Tucson, a joint effort among Tucson International Airport, Pima 
County, the City of Tucson, University of Arizona, and the regional economic 
development organization.  Its goal is to attract intermodal traffic from I-10, the UP 
Railroad, and the airport for re-handling, processing, and other value-added activities.  
It complements a federally funded training initiative to develop logistics and 
transportation workers in the area. 

• Volunteer Mountain Industrial Park, 12 miles west of Flagstaff, touted as a potential 
intermodal processing installation, as well as a support facility for other industrial 
development. 

• Kingman’s industrial park that BNSF is working with as a potential intermodal 
terminal.  The park already includes a major Wal-Mart distribution center to serve the 
region. 

• Mesa Gateway Airport, which has been attempting to develop a freight and 
distribution capability as a reliever for Sky Harbor.  Although the airport now has 
scheduled passenger service and customs processing facilities, it still handles little or 
no freight. 

• Yuma’s attempt to develop an inland port in conjunction with the expanded San Luis 
port of entry, as well as its airport, which has a very long runway. 

 
Local Knowledge and Capability. Arizona is the headquarters of two of the largest and most 
successful trucking companies in the country, Swift Transportation and Knight 
Transportation, as well as major air-freight forwarders (e.g., Mach One) and large regional 
distribution centers for Wal-Mart, Target, Dillard’s, and others.  These headquarters and 
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distribution centers interact regularly with many of the largest companies in the U.S. 
economy.  The state could secure their help to structure Arizona’s economic development 
efforts and find the right partners to stimulate economic development in both the short and 
long term.  This effort could include joint presentations to key manufacturing, retailing, and 
service companies to showcase the advantages of locating intermediate processing facilities 
in Arizona. 
 
An initial step to engage the private sector is the proposed formation of a Freight Advisory 
Council, which will work with state and local governments to ensure that freight issues are an 
integral part of the planning and resource-allocation process.21 
 
Test Bed for Advanced Technologies. Freight transportation is one of the most energy-
intensive activities in the United States, and a major producer of greenhouse gases.  As 
Arizona works to improve its position in energy conservation and other green technologies, 
the transportation and warehousing business is an obvious place to pilot new ideas.  For 
example: 
 

• Warehouses and freight terminals typically have large, flat roofs.  In Arizona, with its 
abundant sunshine, they are obvious places for installing solar panels and testing new 
solar technologies.  Similarly, remote parking areas, which are important for trucks, 
are a good place to install small, solar-powered water processing and other utilities. 

• Arizona has a significant pollution problem, and certainly some of it is associated 
with freight transportation.  The two major trucking companies could be excellent 
partners in developing new technologies for cleaner engines, less idling, etc. 

• As UP completes its upgrade of rail infrastructure, Arizona has an opportunity to shift 
even more of its “through” traffic to the more energy-efficient and less-polluting rail 
mode.  Since rail has a relatively large fixed cost per train, as well as lower service 
reliability and flexibility than trucks, there will always be a minimum length of haul 
below which rail transport is not economically viable. On the other hand, rail is three 
to four times more efficient than truck on a ton-miles per gallon basis. Depending on 
fuel costs, the minimum distance for economically viable rail transport is between 
600 and 1,000 miles.22 

• Arizona has several transportation-equipment manufacturers, including Honeywell, 
Boeing, and TRW.  These companies could help identify transportation technologies 
and other products that could be developed, tested, and perhaps even manufactured in 
Arizona. 

• Arizona’s membership in the I-10 Freight Corridor of the Future Coalition should 
give the state access to the latest in ITS technology, which will lead to more efficient 
use of Arizona’s transportation infrastructure. 

• Freight-handling equipment represents a potential opportunity to demonstrate and 
lead in new technology.  Arizona has large warehouse operations for companies such 
as Target, Wal-Mart, Fry’s, etc.  The forklifts used in these facilities are often 
propane or battery driven, but hydrogen-fuel-cell forklifts and hybrid electric-propane 
forklifts are beginning to penetrate the marketplace.23  
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List of Abbreviations Used  
 
ADOT Arizona Department of Transportation MVD Motor Vehicle Division of ADOT 
BNSF Burlington Northern and Santa Fe 

Railroad 
NACOG Northern Arizona Council of Governments

ITS Intelligent Transportation Systems PAG Pima Association of Governments 
MAG Maricopa Association of Governments   
  
Arnold Maltz is Associate Professor of Supply Chain Management in the W. P. Carey School of Business at 
ASU.  He worked in both trucking and industrial distribution prior to obtaining his PhD in Marketing and 
Logistics from Ohio State University.  Professor Maltz has done considerable research on logistics outsourcing 
and third-party logistics, transborder logistics and NAFTA, and international logistics issues.  He has also 
studied warehousing and port issues for various industry groups.  Professor Maltz has taught and/or done 
research in Israel, Mexico, Argentina, Peru, and Denmark. 
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Chapter 14 
 

STATE OF SAFETY IN ARIZONA 
 

Simon Washington and Kangwon Shin 
Arizona State University, Ira A. Fulton School of Engineering,  

Department of Civil, Environmental, and Sustainable Engineering 
  

Key Points 
 

• The motor-vehicle crash rate in Arizona is about 50% worse than the national 
average. Safety issues identified as priorities in Arizona include the use of 
safety restraints, young and inexperienced drivers, speeding, impaired driving, 
lane-departure crashes, and crashes at intersections.  

• Other significant safety concerns in Arizona include pedestrians and bicyclists 
involved in crashes, motorcycle crashes, crashes in work zones, and aggressive 
driving. 

• Behavioral and engineering safety countermeasures focused on priority safety 
issues are outlined in Arizona’s Strategic Highway Safety Plan.  

• Challenges to improving safety include lack of funding, lack of coordination 
among stakeholder agencies, and lack of fundamental knowledge regarding the 
effectiveness of safety countermeasures.  

• Opportunities for improving safety are provided by exciting new research on 
the effectiveness of safety investments, legislation that mandates statewide 
coordination of safety, and the possible significant rehabilitation of the nation’s 
transportation infrastructure as a result of the recent economic downturn.  

 
This chapter reviews the current status of safety in Arizona and highlights areas of future 
research and likely investment.  The chapter summarizes the kinds of crashes occurring in 
Arizona and discusses safety issues, including the lack of safety restraint use, impaired 
driving, and motorcycle safety.  The discussion is not exhaustive, but highlights some 
important issues facing the state.  The chapter concludes with challenges and opportunities 
for improving highway safety in Arizona.  While many of the safety effects associated with 
socio-demographic changes are discussed here, those associated with tribal lands and an 
aging population are discussed in Chapters 6 and 15, respectively.  
 
Current Conditions  
 
In Arizona from 2002 to 2006, an average of 136,946 motor vehicle crashes, 1,177 fatalities, 
and 71,869 injuries1 occurred each year (Table 14.1). In 2006, one person was killed every 
6.76 hours, and one person injured every 7.67 minutes in Arizona. The economic cost of 
motor vehicle crashes in Arizona was estimated at $5.8 billion in 2005.2 These costs include 
medical costs (hospital, emergency department, drugs, rehabilitation, and long-term care), 
quality-of-life costs, and indirect costs (police, ambulance, fire, insurance administration, 
loss of wages, legal/court costs, and property damage).   
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Table 14.1:  
Trend of Traffic Crashes and Vehicle 

Miles Traveled (VMT) in Arizona 

Year 
Total 

Crashes
Total 

Fatalities
Total 

Injuries 
Million 
VMT 

2002 134,887 1,132 74,542 52,014 
2003 131,170 1,121 72,081 53,345 
2004 138,650 1,151 73,528 57,260 
2005 139,828 1,183 70,619 58,796 
2006 140,197 1,296 68,574 62,528 
Average 136,946 1,177 71,869 56,789 
Source: 2006 Arizona Motor Vehicle Crash Facts 

 
Increased vehicle miles of travel have resulted in a 4% increase in crash frequency since 
2002.  Fatalities have increased about 15% over five years, while total injuries have 
decreased by about 8%.  On a population basis, the statistics paint a bleak picture of safety in 
Arizona (Figure 14.1). Fatalities have increased steadily since 2000, faster than population 
growth.  
 

Figure 14.1: Trend of Fatal Traffic Crashes and Arizona Population 
 

Source: Population Statistics Unit, Research Administration, Arizona Department of Economic 
Security 
 
Arizona’s fatality rate has decreased slightly over the past five years, but the rate of 2.07 
fatalities per 100 million vehicle miles traveled in 2006 is significantly higher than the 
national average 1.42, as shown in Figure 14.2.  This relatively high crash rate has 
illuminated several important transportation-policy challenges. Arizona’s Transportation 
Safety Plan3 and Strategic Highway Safety Plan4 set out specific policy and operational 
objectives to reduce the number of fatalities occurring on Arizona roads. 
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Figure 14.2: Arizona vs. U.S. Fatality Rate 

 
  Source: 2006 Arizona Motor Vehicle Crash Facts 
 

According to Arizona’s Highway Safety Plan, the six safety focus areas are: 
 

1. Restraint use 
2. Young drivers 
3. Speeding  
4. Impaired drivers 
5. Lane-departure and intersection crashes (separately) 
6. Improving the quality of Arizona’s safety data 

 
These six areas were identified through careful analysis of crash data by safety stakeholders 
in the state.  Table 14.2 shows the number of fatalities and serious injuries associated with 
the first five focus areas.  Note that these categories overlap; e.g., a fatality could involve an 
unbelted and impaired driver, adding to the count in both categories.  
 

Table 14.2: Arizona Fatalities and Injuries (2001 to 2005) by Focus Area 

Emphasis Area 
Number of 
Fatalities 

Number of 
Serious 
Injuries 

Lack of Restraint Use 3,437 15,100
Young Drivers 1,766 15,386
Speeding 2,194 12,670
Impaired Driving 2,385 5,728
Roadway/Roadside: Lane Departure 2,958 10, 957
Roadway/Roadside: Intersections 1,271 16,365
Data Improvement Not applicable Not applicable
Source: Arizona Strategic Highway Safety Plan, 2007 

 
The first five safety issues are discussed below.  The sixth, improving crash-data quality, was 
chosen as a focus area because inconsistencies and incomplete crash reporting make it 
difficult to conduct careful safety evaluations. 
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Lack of Restraint Use.  The choice to use or not use safety restraints has considerable impact 
on highway safety.  Proper use of seat belts and child restraints is enormously beneficial to 
vehicle occupants; choosing not to use a safety restraint significantly increases the risk of 
injury should a crash occur.  The Arizona crash facts below are based on safety-restraint-use 
data from 2005. 
 
• Of the 339,606 people in crashes for which restraint use was known, 14,564 were 

unrestrained (4%).  
• Among the 835 fatalities for which restraint use was known, about 69% of fatalities 

were unrestrained. 
• Of the 13,638 children (under five years old) in crashes, 416 were unrestrained (3%). 
• Among the 416 unrestrained children, about 32% (134) suffered ‘Possible Injury’ or 

more severe injuries compared to about 9% of restrained children in a crash.  
 
These facts demonstrate the importance of safety restraints in crashes.  The choice not to use 
safety restraints is a behavioral issue that must be addressed with behavioral policies such as 
enforcement and education.   

Young Drivers.  Young drivers are inexperienced drivers who tend to engage in risky and 
impaired driving relative to older drivers.  The combination of inexperience with risk taking 
or impaired driving considerably increases the risk of fatal and serious-injury crashes.  Figure 
14.3 shows the number of fatalities and injuries over a five-year period in Arizona.  While 
serious injuries declined between 2001 and 2005, fatalities increased.  
 

Figure 14.3: Fatalities and Injuries Involving  
Young Drivers (Age <25), 2001 to 2005 

 
       Source: Arizona Strategic Highway Safety Plan, 2007 

 
Speeding.  Driving too fast for conditions and speeding cause or contribute to motor vehicle 
crashes.  Roads designed for specific driving speeds become unsafe at higher speeds.  Higher 
speeds place exponentially higher loads on vehicle suspension and braking systems.  Higher 
speeds are associated with exponentially higher impact forces and energy upon impact, 
leading to more severe crashes.  Congestion, despite its overwhelming negative effects, 
generally reduces speeds and crash severity in urban areas, while rural roads see higher 
speeds and more severe crashes.  Serious injuries involving speeding decreased slightly from 
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2001 to 2005 in Arizona, while fatalities increased slightly (Figure 14.4).  Speeding and 
driving too fast for conditions are significant contributing factors in Arizona motor-vehicle 
crashes.  

 
Figure 14.4: Fatalities and Injuries  
Involving Speeding, 2001 to 2005 

 
Source: Arizona Strategic Highway Safety Plan, 2007 

 
Impaired Drivers.  Driving under the influence of drugs or alcohol is a serious problem in 
the Arizona, as it is in most states.  Impaired driving is considered a behavioral problem and 
is often addressed with behavior-based countermeasures.  The combination of impaired 
driving and driver inexperience is especially problematic.  The Arizona crash data below, 
from 2006, highlights the risks of impaired driving.  
 
• An estimated 315 people were killed in alcohol-related crashes.  
• Alcohol-impaired driving fatalities accounted for about 24% of total fatalities, but only 

about 6% of all motor-vehicle crashes.  
• The cost of alcohol-impaired driving in Arizona is approximately $547 million per year 

(2006$).  
 
Lane-Departure and Intersection Crashes.  When a vehicle departs the travel lane it usually 
enters an unforgiving environment.  In urban areas, these environments often consist of man-
made objects such as utility poles and walls, while in rural areas the roadside is often full of 
naturally occurring hazards such as trees, rocks, and steep side slopes.  Lane-departure 
crashes can be quite severe because many vehicles roll over, harming their occupants. Lane 
departures can also injure or kill pedestrians. 
 
The number of lane-departure crashes resulting in fatalities increased from 477 in 2001 to 
634 in 2005—a 33% increase.  Nearly 70% of all lane-departure crashes occur in rural areas; 
about 30% happen in urban areas.  About 51% of serious-injury, lane-departure crashes occur 
in rural areas and 49% in urban areas.  
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Intersections, with their complex vehicle and pedestrian movement, make high-level 
cognitive demands on drivers. Intersection violations often result in crashes.  Angle crashes 
are most common at intersections and are typically quite severe, because the human spinal 
cord cannot handle forceful sideways impacts at the base of the skull without being injured. 
 
Intersections are involved in a disproportionate number of serious crashes, and therefore a  
safety concern for motorists in Arizona.  The number of people killed at intersections in 2005 
was 259; 3074 were seriously injured.  About 75% of intersection fatalities occur in urban 
areas, and 85% of serious injuries (incapacitating or worse) occur in urban areas.  
 
Existing Plans and Programs 
 
To reduce Arizona crashes and their toll on the Arizona economy, and to improve public 
health and well being, the Arizona Strategic Highway Safety Plan identifies strategies for 
achieving the goal of zero fatalities on Arizona roads.  Although the long-term goal is zero 
fatalities, it will take considerable time to achieve and requires that milestones be set and met. 
The first milestone is to achieve a 12% reduction in fatalities by 2012. 
 
Achieving significant reductions in motor-vehicle crashes will require investment in both 
behavioral and engineering countermeasures.  Behavioral countermeasures are aimed at 
modifying driver behavior and typically include such things as graduated driver licensing 
programs, traffic-law enforcement, photo speed enforcement (intersections and road 
segments), educational programs, and click-it-or-ticket (buckle-up) campaigns.  All 
impaired-driving countermeasures focus on changing behavior; they include sobriety 
checkpoints, community-awareness programs, public-information campaigns, and 
educational programs.  
 
Engineering countermeasures are focused on improving the safe operation and design of 
transportation facilities.  Some countermeasures are focused on easing the impact should a 
motor vehicle depart from the road (roadside-clearance programs, safety barrels, etc.), others 
increase visibility (nighttime lighting, improved signal-head visibility, sign reflectivity, etc.), 
and some are designed to minimize conflict points (left-turn bays to an intersection, cable 
median barriers on highways, etc.).  
 
Complementary behavioral and engineering countermeasures are needed to achieve safety 
objectives.  These countermeasures will be selected, funded, and implemented through the 
state’s strategic highway safety plan to reduce crashes.  Crash types not identified as priority 
issues, but still significant, include those in which pedestrians are involved, motorcycle-
related crashes, work-zone crashes, crashes resulting from aggressive driving, and bicycle 
crashes.  The number of these kinds of crashes can be reduced by targeted safety investments 
and behavioral policies.  
 
Challenges 
 
The vast majority of motor-vehicle crashes are caused entirely or in part by human error; thus, 
human behavior modification is fundamental to improving safety.  Modification of driver 
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behavior requires the support of appropriate laws and adjudication procedures, which may 
not provide sufficient incentives to modify the behavior of regular offenders.  For example, a 
primary seat-belt law is needed for a law-enforcement officer to cite someone for failing to 
wear a safety restraint; Arizona currently has a secondary seat-belt law.  In secondary-law 
states, an officer must have another cause for citing a driver before citing a restraint-use 
violation as a secondary offense.  Drunk-driving and graduated-driver licensing laws are 
adopted through legislative changes, so making significant safety improvements requires the 
support of elected officials and their constituents.  While these laws are important to 
improving safety, many laws are perceived to result in loss of individual freedoms, so the 
political will to implement such laws has to be significant and broad. 
 
Despite years of research, there remains much to be learned about the link between safety 
and engineering countermeasures.  Understanding the safety impacts of engineering 
countermeasures is extremely complex and difficult, and sometimes even counterintuitive.  It 
is impossible to separate the effects of engineering improvements from human behavioral 
responses to them.  For example, a recent study examined the safety impact of the Scottsdale 
101 Speed Enforcement Cameras.5  The study found that the number of crashes dropped in 
the photo-enforcement zone, but it is not clear how much of the reduction is due to increased 
driver vigilance within the zone and how much to reduced travel speeds.  If some of the 
safety effect was due to increased driver vigilance, how much?  Would driver vigilance 
degrade over time?  Another important question is whether photo enforcement actually 
changes driver behavior, or whether drivers simply comply locally.  This simple example 
illustrates some of the complexities involved in understanding the safety implications of 
engineering countermeasures. 
 
Another challenge is how to fund safety improvements. Safety competes with other priorities 
such as congestion and air-quality issues, which often trump safety concerns.  Funds to 
manage and implement safety programs can be difficult to allocate, and no single agency has 
broad jurisdiction over safety within a region.  Often, behavioral programs are administered 
by the Governor’s Office of Highway Safety and the Department of Public Safety, while 
engineering countermeasures are administered by local and state transportation agencies.  
The historic lack of targeted safety funds combined with lack of statewide or even regional 
authority over transportation safety concerns has also hampered major improvements to road 
safety in the United States.  
 
Opportunities 
 
The recent adoption of Statewide Strategic Highway Safety Plans mandated in SAFETEA-
LU legislation provides the opportunity to coordinate efforts among stakeholder agencies 
within Arizona to achieve statewide safety objectives.  The economic recession that began in 
2008 may push the auto industry to produce more fuel-efficient and smaller vehicles, which 
may yield safety benefits. Improvements to transportation infrastructure offer opportunities 
to significantly improve safety.  Continued research on the safety effects of behavioral and 
engineering countermeasures and their interaction will also yield valuable knowledge about 
how to attain safety goals in Arizona.  
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Chapter 15 
 

AGING AND MOBILITY 
 

Dr. Sandra Rosenbloom 
University of Arizona, School of Landscape Architecture and Planning 

 
Key Points 
 

• Within two decades Arizona will have almost 2.5 million people over 65, of whom 
400,000 will be over 80.  

• The vast majority will have been drivers for decades and will have made housing and 
other family decisions that will genuinely require access to a car. 

• Few will have much experience or interest in alternative transportation modes 
thought “suitable” for them by experts. 

• To address these issues, the state should develop a multifaceted transportation and 
mobility strategy that is responsive to how and where older people live. 

• Communities should consider increasing paratransit services for the disabled, and 
support, expand, and improve a variety of public, non-profit, and entrepreneurial 
community-transport providers (from taxis to volunteer systems to voucher 
programs).  

• Communities could also expand and improve conventional public transit in multiple 
ways to respond to the special needs of older people. 

• Communities could expand the pedestrian network with special attention to the needs 
of older people, focusing on continuing enforcement and maintenance.  

• To prolong safe driving, the road system could be made easier and safer for older 
people while developing better ways to test and improve their driving. 

 
Current Conditions 
 
In 2006, roughly 13% of the population of Arizona was over 65; almost 70,000 Arizonans 
were older than 85.  The U.S. Census Bureau estimates that an astonishing age-wave will hit 
Arizona in the next two decades, driven both by aging of the existing population and a 
continuing influx of retirees from around the United States.  By 2030, the older (over 65) 
population of Arizona will expand to 2.4 million people, a 255% increase from 2000.  In a 
little more than 20 years, almost one of every four citizens in the state will be an older 
person.  But that is just the leading edge of the socio-demographic tsunami soon to engulf 
Arizona.  By 2030 the population aged 45-64 will also grow by more than 116%, ensuring 
successive and growing waves of Arizonans turning 65 throughout most of the 21st Century.  
 
These trends create both challenges and opportunities.  Many older Arizonans will remain in 
the full-time or part-time labor force long after age 65; many will be active volunteers 
contributing to their neighborhoods and communities, enjoying robust lifestyles facilitated by 
the easy access afforded by the car.  And if the past is a prologue to the future, few older 
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Arizonans will make the kind of housing and other decisions that would support their 
lifestyles when they can no longer drive.  Over three-fourths of all Americans over 65 live in 
suburban or rural areas; Arizonans are no exception.  In 2000 the Phoenix metropolitan area 
had the 14th highest percentage of its suburban population over 65, and the 6th fastest 
growth rate of the suburban population over 65 in the nation.  The Tucson metropolitan area 
had the 6th highest percentage of its suburban population over 65 and the 4th fastest growth 
rate.  University of Arizona (UofA) and Arizona State University (ASU) studies show why: 
most older migrants to the state move to the outskirts of metropolitan areas.  In fact, 
Tucson’s elderly population actually declined between 1990 and 2000 while that of suburban 
and surrounding unincorporated areas more than doubled. 
 
In 2006, 80% of men and 70% of women over 65 were licensed drivers.  Licensing rates 
were relatively high even among those over 85.  Since licensing is almost universal among 
those currently younger than 65, in a little over 20 years more than one out of every four 
Arizona drivers will be over 65 and a considerable number will be over 85.  National data 
clearly show that licensing rates are directly related to substantial increases in all attributes of 
“automobility.”  Those 65-85 take roughly 90% of all their trips in car, usually as the driver 
of that car.  Even those over 85 take 80% of their trips by car, driving half the time.  
 
As the MAG Regional Action Plan noted: 
 

The primary mode of transportation for seniors is and will most likely continue to be 
the automobile... they are unfamiliar with other modes of transportation and are often 
hesitant or unable to learn new modes at an advanced age.  Given current land-use 
trends and lifestyles, tomorrow’s senior citizens, especially those aging in the 
suburbs, are likely to be even more reliant on their automobiles. 

 
Older people should or do stop driving for complicated reasons.  Some have medical 
or other conditions, particularly associated with vision loss, that make them unsafe 
drivers.  Others have physical or cognitive problems that make it hard for them to 
deal quickly with the demands of a fast-paced road network.  Some drivers, 
particularly women, often lose confidence in their driving ability and some cannot 
afford to maintain and drive a car.  As a result older drivers begin to drive less and 
less and avoid situations that they consider stressful, like traveling in bad weather or 
in congested traffic.  And they generally do so some time before they entirely stop 
driving.  Thus self-regulation itself lowers mobility and adversely affects life-style, 
long before driving cessation.1  

 
While many older people will be able to safely drive for decades after they turn 65, on 
average, older people’s driving skills decline as they age.  Thus, some percentage of the large 
and growing older population of the State will need mobility alternatives to replace the 
freedom and independence afforded by the car.  As MAG’s Regional Action Plan on Aging 
and Mobility noted: 
 

The social isolation that results from the loss of personal mobility can lead to 
depression and sharp declines in physical health.  Social and economic capital is lost 
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too, since many that might have worked or volunteered are unable to do so without a 
reliable source of transportation.  The overall decline in quality of life associated with 
limited to no-mobility options produces an increase in the demand for in-home elder 
care services and costly assisted living facilities. 2 

  
While many analysts believe that older people will come to rely on traditional public transit 
as they age, they are often basing their views on data that historically showed that older 
people used public transit more than younger people.  But we know that data can reflect what 
is called a cohort effect; in the past, many people reaching 65, particularly women, had never 
driven and had long relied on public transit for some of their trips—they did not suddenly 
begin using transit upon retirement.  Today, the vast majority of people 65 and over have 
never done anything but drive.   
 
The second most important travel mode for older Americans is walking.  Walking is 
necessary for all other modes of travel and it can provide a healthful physical activity geared 
to older people’s needs.  About 9% of all trips taken by those over 65 are walking trips; 
among non-drivers over 65, walking accounts for almost 25% of all trips and its importance 
goes up with age.  A national study found that among respondents who reported problems in 
“getting around outside home,” over 75% said that their major issue is difficulty in walking.3 
Among older people with disabilities, the most significant transportation problems 
mentioned were barriers in the pedestrian environment—they far outnumbered reported 
problems with transit or paratransit modes. 
 
There is little evidence that Arizona is prepared for the challenge of the coming age-wave, 
the impacts of so many older drivers on the state’s highway system, or older people’s needs 
for mobility and access when they can no longer drive but wish to remain active and 
independent.  The actions of older citizens themselves, and the apparent lack of appropriate 
responses now on the part of public and private decision-makers, may doom older Arizonans 
in the future to a life of dependence on others, and ultimately to isolation and illness.  
 
Even those who recognize the enormity of the transportation problems that will face older 
Arizonans often believe that public transit or demand-responsive systems are already in place 
to handle them.  Yet most indications are that neither of these services will come anywhere 
close to meeting the needs of the state’s aging population.  Moreover, there is likely too little 
focus on enhancing the travel modes that do serve most older people in Arizona and the 
United States: cars and pedestrian facilities. 
 
Existing State Plans and Programs 
 
Automobile Travel. The direct safety issues associated with older drivers are addressed in 
Ch. 14; this chapter discusses the mobility losses associated with increasing driver self-
regulation and driving cessation.  Once drivers stop driving entirely, they face very serious 
mobility losses—as do any older non-drivers who depended on them.  Given these drastic 
losses, a number of studies have suggested ways to keep older drivers on the road, by helping 
them become or remain safe drivers. 
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Public Transit Services.  Part of the declining reliance on public transit among those over 65 
is due to conventional public transit services not being responsive to the needs of most older 
travelers, particularly those no longer in the full-time labor force.  In many studies, older 
travelers have expressed a variety of safety, personal-security, flexibility, reliability, and 
comfort concerns about public transit, even when it is physically accessible.  Since transit 
operators are required to provide half-fares in the off-peak to older and disabled people as a 
condition of receiving federal funds, operators have even less incentive to try new ways of 
attracting and accommodating older people unless they are provided with additional sources 
of funding. 
 
Special and Demand Responsive Services.  Many people assume that special services, and 
particularly the “complementary” (to fixed route public transit) paratransit services provided 
by public-transit operators under the mandates of the Americans with Disabilities Act 
(ADA), such as Tucson’s Van Tran and Phoenix’ Valley Metro Dial-a-Ride, will meet the 
needs of their aging relatives who do not or cannot drive.  But these assumptions can be 
wrong.  
 
Complementary ADA paratransit was designed to be a temporary alternative for most people 
with disabilities, until all buses and rail facilities were fully accessible.4  As more transit 
vehicles, transit stops, and the pathways to them become accessible, operators will be 
allowed to substantially reduce the paratransit services that they provide. 
 
Second, eligibility for complementary ADA paratransit services is based on disability and 
not age—and that disability must be severe enough to significantly interfere with the use of 
traditional public transit.  While disabilities and their severity increase with age, the majority 
of the elderly are not disabled and the majority of those with disabilities are not elderly.  
Even among the 42% of older people with at least one disability, many remain ineligible for 
paratransit services.  As a 2005 study by the National Center on Disability noted, many 
seniors are ineligible for ADA paratransit:  
 

because their functional impairments do not rise to the level of ADA eligibility. For 
example, frailty or a chronic medical condition could make travel on fixed-route 
transportation difficult, but this alone may not qualify an older adult for paratransit.  
As a result ...older adults fall through the cracks because they are not ADA eligible.5 

 
It is important to recognize that simply being required to stop driving or being unable to 
drive does not qualify seniors for ADA services unless the disability that caused their driving 
cessation is both fairly serious and prevents them from using traditional transit services.  The 
lack of transit service does not qualify older people for ADA services—in fact, quite the 
reverse!  Transit operators are only required to provide complementary paratransit services to 
eligible users in a three-quarters of mile corridor paralleling their existing bus routes, and 
only during the same hours of service.  National figures suggest that only about one-third of 
older people in the United States live within this distance of a bus line; even fewer make the 
majority of their trips within such corridors.  While most of the complementary ADA 
paratransit systems in Arizona do not restrict service to such narrow corridors (for various 
political and other reasons), it is still clear that: 1) the vast majority of older people in 
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Arizona do not and probably will not live in areas with ADA paratransit service, and 2) even 
if they do, they will likely not qualify for those services for most of their lives after they turn 
65. 
 
Paratransit services are extremely expensive.  It is hard to generate substantial economies of 
scale while carrying people within a large, low-density service area, while being forbidden 
by law from delaying their trips to pick up or drop off other passengers.  While the state’s 
ADA paratransit providers can make improvements to lower costs, the savings would be 
minor.6 
 
Table 15.1 compares ridership for ordinary bus services and for demand-responsive 
paratransit services in Coconino County and within the city limits of Phoenix and Tucson.  It 
clearly shows the substantial difference in costs.  In Phoenix, for example, the average 
operating cost for a bus trip is $2.37 compared with over $35 for a paratransit trip.  
 

Table 15.1. Paratransit Ridership and Costs, 2007 

City / County 
System Name 

Total 
Annual 
System 

Ridership* 

Annual 
Paratransit 
Ridership 

Paratransit 
as a % of 

Total 
Ridership 

Paratransit 
as a % of 
Operating 

Costs 

Average 
Cost per 

Paratransit 
Trip+ 

Coconino County 
Transport 
Services 
(Flagstaff) 

753,726 22,349 3.0% 18.8% $33.41  

City of Phoenix 
Valley Metro 
RPTA 

50,590,609 565,327 1.1% 13.6% $35.33  

City of Tucson       
City of Tucson 
Transit 

18,205,425 439,775 2.4% 23.0% $29.36  

Average of the 50 
Largest US Transit 
Operators# 

84,294,000 432,200 0.5% 5.0% $27.88  

* = unlinked trips           + = operating costs only         # = includes Phoenix       
Source: 2007 National Transit Database and FTA (2008) Transit Profiles: The Top 50 
Agencies. 

 
Even if we assume that all current paratransit riders are over 65 (something unlikely to be 
true since many younger people use the service), and that each user makes eight one-way 
trips per month, it appears that these three Arizona cities carry less than 40% of the older 
people with at least one serious disability (as classified by the Census).  Note that this 
estimate does not assume that the systems are failing to meet their mandates under the 
ADA—it is possible that they are providing all the service requested by all the older people 
who are eligible.  But that’s exactly the point: Even meeting ADA mandates still leaves large 
numbers of older people who have serious disabilities, or cannot drive or use public transit, 
without a means of transportation.  They are not eligible for ADA services because their 
disability is not severe enough to meet stringent ADA guidelines, or they don’t live or need 
to travel within three-quarters of a mile of existing bus routes. 
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Many Arizona communities, with or without public transit and ADA paratransit services, are 
served by a host of other paratransit systems provided by other governmental agencies, non-
profit organizations, faith-based groups, and advocates for the aged.  We know that many 
community transportation systems limit their services to a small number of agency clients, 
often restricting travel by trip purpose (medical or agency related only).  Some needy 
travelers are provided substantial transport service while many others are offered nothing. 
Most cities simply do not provide a substantial amount of demand-responsive transportation 
services in total to older people who might need those services. 
 
Pedestrian Facilities.  Current ADA regulations require that if local jurisdictions provide 
curb ramps, sidewalks, and/or bus stops, these elements must comply with the ADA.  But 
cities are not required to provide these pedestrian elements at any specific location if they do 
not already exist.  However, the ADA does require cities to undertake a program over time to 
provide access in their existing pedestrian facilities.  Since more than 18 years have passed 
since the ADA requirements went into effect, many cities should have brought almost their 
entire pedestrian environment into compliance with the ADA.   
 
However, without enforceable standards, many communities have done only the minimum. 
For example, they may provide some curb ramps (cuts) and require all new residential 
developments to provide accessible sidewalks, but they rarely substantially improve existing 
sidewalks and bus stops if they can be viewed as accessible (and in some cases when they are 
not accessible).  Moreover, many cities have been lax in maintaining the accessibility of 
sidewalks and bus stops that do exist (that is, repairing broken pavement or removing weeds 
and debris, ice in winter, etc.), and many fail to retrofit built-up areas without sidewalks.7  
 
Lack of accessible and well-maintained pedestrian facilities is a major safety issue; older 
people are involved in more pedestrian crashes than any group except children.  When 
involved in a pedestrian crash, including falling on pavements or at transit stops, older people 
are far more likely to be seriously injured or die than others.  People 65 and over constitute 
13% of the population but account for 22% of all pedestrian deaths and 32% of all nonfatal 
pedestrian injuries.  In fact, older people are substantially safer as car passengers or drivers 
than they are as pedestrians in almost any environment.  Some experts believe that older 
people are at least 15 times more likely to be injured or killed as pedestrians than as car 
drivers, on an exposure basis.8 
 
Both Tucson and Phoenix have made major commitments to improving pedestrian facilities 
in their regions.  In Tucson, the Transportation Improvement Program includes funding for 
over 96 miles of new sidewalks to be constructed by local jurisdictions, with another $5 
million for pedestrian safety programs including wheelchair ramps, shade, lighting, and 
signalized sidewalks at key locations. 
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Challenges 
 
Special and Demand-Responsive Services.  Earlier we suggested that both ADA paratransit 
services and community transport systems might be inadequate to meet the mobility needs of 
a large and growing number of older Arizonans.  A simple solution might be to provide 
additional demand-responsive services to older people who may have problems driving or 
using public transit, but who do not qualify for ADA services. And many Arizona systems 
do, to some extent, by relaxing service-area constraints or allowing all those over 80 or 85 to 
ride.   
 
Table 15.2 shows the extraordinary costs of providing not very much service to the large 
number of older people who currently might have difficulties driving or using traditional 
public transit (even if it existed near where they lived).  Tucson, for example, would have to 
spend $15.5 million per year (in 2007 dollars) just to provide four one-way trips per month to 
every older person within the city limits who has a severe disability.  
 
 

Table 15.2. Estimated Paratransit Costs for Serving All People 65+ with 
Disabilities 

    
Potential Annual Cost for All 
People 65+ with a Severe 

Disability 

City or 
County 

2007    
Cost per 

Pararansit 
Trip 

2007  
Demand-

Responsive 
Operating 

Costs 

Estimated* 
People 

65+ with a 
Severe 

Disability 
4 One-way 
Trips/Month 

8 One-way 
Trips/Month 

Coconino  $ 33.41   $ 66,932 794  $ 1,273,322   $ 2,546,644 

Phoenix  $ 35.33   $ 19,975,296 21,206  $ 35,961,983   $ 71,923,966 

Tucson  $ 27.88   $ 12,910,431 11,588 $ 15,507,525   $ 31,015,050 

* = estimated by taking Arizona's total population 65+ and multiplying it by the percent of 
Arizona's population 65+ who reported one or more disabilities: 24.8% (which is below 
the national rate, which ranges from 37% to 52% depending on source) and then 
multiplying it again by the US percent of those w/one or more disabilities who reported at 
least one severe disability: 75.6%. 

 
It is inescapable that because of their high costs, ADA paratransit services can only be a 
small part of the mobility and transportation options offered to older people in the future.  
They will need to be limited to those older people with the most severe disabilities.  For 
travelers with problems who are not facing severe disabilities (or only experience severe 
problems during certain seasons or for certain trips), it makes sense to see if there are more 
cost-effective ways to provide mobility.  
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Opportunities 
 
Building a family of transportation services for older people will require making better use of  
private, for-profit and non-profit community-transport providers, and facilitating the role of 
private individuals as well.  Here, we present some of the most important options 
communities should consider.  
 
Enhancing the Role of the Private Not-for-Profit Sector.  Many different kinds of 
community transport services are provided by NGOs and other social- and human-service 
agencies.  In 2006, federal legislation required regional areas to develop plans for 
coordinating public transit and human-services transportation to make them more effective 
and efficient.  Communities can lower costs by redistributing underutilized vehicle capacity, 
providing regional vehicle-maintenance facilities, developing state programs to lower 
insurance costs, or offering driver training programs 
 
A transit operator or other large public agency could develop a process that allows agencies 
with excess capacity to “sell” that capacity to other agencies that need it.  A regional facility 
might achieve economies of scale, and thus reduce individual maintenance costs.  State or 
regional agencies could provide group insurance coverage or establish insurance pools to 
which small providers could belong.  Finally, some public agency could offer driver training 
to agency volunteers and staff; training costs are significant for small providers. 
 
Facilitating the Role of Private Individuals.  Older people already depend substantially on 
riding in other people’s cars.  Therefore, it would be useful to develop ways to optimize the 
use of excess capacity in cars and the good will of volunteers to provide more services for 
older people, by supporting formal and informal volunteer networks and facilitating 
ridesharing programs. 

 
Communities could better support a variety of formal volunteer ride programs already 
underway by helping volunteer programs solve the liability and maintenance problems they 
face as soon as they begin to carry any appreciable number of riders.  A public agency or the 
transit operator could get group insurance coverage under which such volunteer programs 
could be covered.  A public agency could also develop ways for volunteers involved in 
formal systems to receive auto maintenance at reduced rates. 
         
Enhancing the Role of the Private For-Profit Sector.  Many communities have a number of 
commercial or for-profit providers who can or already do provide mobility for older 
travelers.  But their role can be strengthened, and made safer in some cases, by concerted 
community strategies, including regularizing extra-legal operations, expanding the role of 
taxis, or “growing” additional entrepreneurs. 
 
Public Transit Services.  A number of studies have suggested how traditional public transit 
services can be improved to meet the needs of an aging population.   Most emphasize 
changes such as improving conventional services, providing additional services targeted to 
the elderly, increasing safety and security in all parts of the system, and enhancing 
communication and information provision. 
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Suggestions for improving conventional public transit to make it more responsive to older 
travelers include expanding hours and routes, improving service reliability, enhancing driver 
training, and operating low-floor and smaller buses.  It is likely that at least the first three of 
these suggestions would have to be implemented together to attract older travelers to transit. 
 
Older people may travel at different times than most transit users, and they often have 
different origins and destinations.  Just improving conventional transit services may be 
insufficient to attract many elderly riders.  By identifying concentrations of older people in 
aging-in-place neighborhoods and in formal and informal active-adult retirement 
communities, transit operators could provide scheduled and charter-type services, or 
implement neighborhood-based services.  These services, if appropriately geared to the travel 
patterns of older people, might attract ridership even if provided only once or twice a week. 
 
Older people often report being fearful of walking to, waiting for, and riding in transit 
vehicles.  To provide services likely to be attractive to older travelers, transit operators could 
address these concerns by providing comfortable and safe waiting areas and increasing 
passive and active surveillance and enforcement. 
 
Almost every study of seniors and public transit has found that older people are very 
concerned about better trip information both before and during travel.  A number of U.S. 
transit systems have seen considerable increases in elderly ridership by providing either 
transit familiarization or training programs and improving information dissemination.  
 
Pedestrian Facilities.  Many studies have suggested measures that can facilitate walking for 
older people both as a mode itself and to access public transit.  Most of these measures can 
be used to retrofit existing neighborhoods where baby boomers are aging in place; they can 
also be incorporated into new suburban developments, formal or informal retirement 
communities, and existing or new urban neighborhoods, through subdivision and zoning 
regulations and impact or development fees.  
 
Cities can implement pedestrian-friendly measures like accessible curb cuts, lighting, 
pedestrian overpasses or tunnels at busy intersections, and measures to reduce conflict with 
cyclists and other path users.  Intersections can be improved with better signalization and 
pavement markings.  Traffic-calming approaches are also important, and include narrowing 
streets, lowering speed limits, raising crosswalks, and adding medians.  Improving access to 
public transit is another important measure, and includes ensuring that all bus stops meet 
ADA requirements and are accessible.  
 
Improving the Highway System.  Since so many older people are and will be drivers until 
very late in their lives, policymakers and analysts have advocated modifying and enhancing 
the entire auto-based infrastructure so that older people can drive safely longer.  Developing 
effective measures of driver competence, expanding appropriate driver training programs, 
and assisting safe older drivers to continue driving are three strategies to increase safe auto 
use by the elderly. 
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The first strategy is to develop better ways to identify which older drivers should be removed 
from the road, which can be re-trained in some way, and which left alone. Age-based testing 
of older people has proven ineffective at reducing older-driver crashes.  NHTSA has 
conducted tests of alternative ways to measure older-driver competence.  While it is not 
difficult to devise elaborate and lengthy tests of driving competence, such tests are too 
expensive to be feasible on a large scale.  
 
The second strategy is to develop cost-effective ways to retrain older drivers.  Most existing 
training programs, like AARP’s Mature Driver, are based entirely on classroom learning; 
there is very little hard evidence that enrollment in such programs actually reduces driver 
crashes.   Private driving schools across the country have long reported increased interest on 
the part of older people (and/or their families) in driver training programs, but most of these 
schools use one curriculum for both young and older drivers. There is a need to develop, test, 
and evaluate in-car training courses for older drivers, to which they can be referred or for 
which they can volunteer.  
 
The third strategy is to assist safe older drivers who have financial difficulties to continue 
driving.  A community can develop programs that provide assistance for maintenance or fuel, 
or even to purchase a car.  This approach has been adopted by several European countries, 
most notably the UK, to assist older drivers and those with disabilities. The UK Motobility 
program gives grants that may be used for taxi fares, to pay for rides from others, to purchase 
and/or equip a personal or household car with mobility devices, or to use as collateral for a 
car loan. 
 
Another way to help safe older drivers continue driving is with a car-sharing program like 
those for the general public that have been implemented in numerous U.S. and European 
cities.  Large residential complexes (independent living centers, trailer parks, naturally 
occurring retirement neighborhoods) could cooperatively buy and operate a small fleet of 
vehicles, allowing residents to reserve and drive them on an hourly or daily basis.  Public-
sector involvement could range from simply encouraging communities to set up their own 
programs (much as public agencies help private firms set up carpooling and vanpooling 
programs), or actually helping to purchase and maintain the vehicles, and structuring the 
rules and payment systems.  A large commercial car-share provider, ZIPCAR has now 
expanded to dozens of cities across the country and could play an important role. 
 
Two important approaches to making the roadway safer for older drivers (and a mixed-age 
driver pool) are modifying passive network elements and enhancing active, technology-based 
elements.  First, we can make the road network safer by altering the dimensions, marking, 
and contrast of streets and roads, signs, turn lanes, etc.  Efforts are underway to make 
roadways and signage more responsive to the changing abilities of older drivers.  The FHWA 
has developed design standards that reflect the aging of the driver pool.9 The MAG Regional 
Action Plan makes specific reference to requiring local jurisdictions to consider the FHWA 
guidelines in MAG grant guidelines and in the review of federally funded projects.   
 
The second approach is more proactive: using Intelligent Transportation Systems (ITS) 
technology in the road, on the vehicle, or in some effective combination.  This could include 
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providing en-route or in-vehicle safety and congestion information to drivers.  ITS 
technology could also help older drivers better manage the driving task, for example, by 
warning drivers that they are following another vehicle too closely.  Technology that helps 
drivers decide when it is safe to make left turns might reduce crash rates, since older drivers 
are over-represented in left-turn crashes.  
 
Pedestrian Improvements.  Older people are over-represented in pedestrian crashes.  
Communities can improve the pedestrian environment for older people by ensuring that both 
the neighborhoods where they are or will be aging-in-place and newly developing 
communities have accessible sidewalks, separate cycling facilities that reduce conflict 
between pedestrians and cyclists, and shaded street furniture like benches that allow travelers 
to stop and rest as needed.  But the existence of such facilities is not enough.  They must be 
maintained so that they remain level and don’t create tripping hazards.  Moreover 
communities should seriously enforce a variety of traffic regulations from those against 
parked cars blocking driveways to speed limits in residential neighborhoods.  Many traffic 
calming measures are likely to create safer and more attractive pedestrian environments for 
older people. 
 
Hopefully, among this list of suggestions are options for every community’s particular needs. 
These are difficult issues for any community to confront, though delaying action could lead 
to even greater costs and difficulty in the future as the aging population grows.  

List of Abbreviations Used  
 
ADA Americans with Disabilities Act MAG Maricopa County Association of Governments 
AARP American Association of Retired 

Persons 
NGO Non-governmental organization 

FHWA Federal Highway Administration NHTS
A

National Highway Traffic Safety 
Administration 

ITS Intelligent Transportation Systems   
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Chapter 16  
 

ALTERNATIVE-FUEL VEHICLES 
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Key Points 
 

• There are different kinds of alternative-fuel vehicles (AFVs) and different 
ways to make each kind of alternative fuel. 

• The United States is dangerously dependent on one type of vehicle and one 
type of fuel.  With rising gasoline prices, AFVs offer an alternative that does 
not depend on substantial behavioral or land-use changes.  

• Other benefits include local and global environmental benefits, reduced oil 
imports, and economic-development opportunities. 

• Major advances have been made in government-mandated, “green oriented,” 
commercial fleet operations. 

• Barriers to a transition to AFVs are availability and cost of refueling-station 
infrastructure, availability and cost of AFVs, higher cost of purchasing AFVs, 
and inconsistent public policy and leadership messages.  

• There is a “chicken and egg” problem with stations and vehicles. State and 
private fleets aim to help on the vehicle side of the problem, but this has not 
translated to many consumer-owned AFVs.  Many states develop public-
private partnerships to address the station side of the problem. 

 
Alternative-fuel vehicles (AFVs) have gotten a bad rap in Arizona from the controversial 
state incentive program in 2000.  However, with rising gasoline prices, over 85% of all trips 
made by automobile, and 96% of U.S. energy for the transportation sector coming from oil, 
we are dangerously dependent on one mode of transport powered by one form of energy.1 
While bus, rail, and air all play important transportation roles, we have structured our cities 
and our lives around the automobile.  For these reasons, it is important to look again at other 
energy sources for cars and trucks. 
 
Current Conditions 
 
Types of Alternative Fuel and Vehicles.  The alternative-fuel industry offers a dizzying array 
of current and future solutions, and there is no clear-cut best technology.2  Different original 
energy resources can be processed into a variety of energy forms or “carriers,” which can be 
used by various propulsion systems in vehicles.  When discussing AFVs, scientists refer to 
these as well-to-wheels “pathways.”  Electricity3 and hydrogen, for example, can be made 
from any of the energy resources in Figure 16.1, and biodiesel can be made from vegetable 
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oil or biomass. All energy carriers except electricity can be burned in an internal combustion 
engine (ICE), while hydrogen can be burned or used to generate electricity in a fuel cell.  
 

Figure 16.1: Alternative Fuel Pathways 

Source: Based on McCormick, B. 2008. Reinventing the Automobile with Hydrogen (General Motors). 
Presentation at Arizona State University. 
 
Table 16.1 summarizes the advantages and disadvantages of each type of AFV.  Hybrid-
electric vehicles are not included because they get all of their energy from gasoline.  Hybrids 
can save up to 25% on energy via regenerative braking and turning the engine off during 
stops, but this may not be enough to achieve our national goals. 
 
Benefits of AFVs.  AFVs provide options for consumers in the face of rising gasoline prices, 
and do so without requiring the substantial behavioral or land-use changes that other 
alternative modes do.  Most AVFs can be produced domestically and thus reduce U.S. 
dependence on foreign imports and Arizona’s dependence on other states.  Finally, they offer 
varying degrees of environmental benefits by reducing local smog and global warming.  
 
The energy efficiency and greenhouse-gas emissions of any AFV depend on its well-to-
wheels pathway.  The pathways are usually divided into two stages: well (or resource) to tank 
(or pump), and tank to wheels.  A number of different institutes such as Argonne National 
Labs, MIT, University of California-Davis, and the European Union maintain complex 
models for estimating the greenhouse-gas emissions, CO2 emissions, fossil-fuel use, and 
energy efficiency of various 

Energy  
Resources  

Vehicle 
Propulsion  

Energy 
Carrier

Oil 
•Conventional 
•Non-conventional  
(e.g., tar sands,  
oil shale, etc,)  

Natural Gas  

Coal  

Nuclear 

Renewable 
•Solar 
•Hydro  
•Wind  
•Biomass/Algae  

Liquid Hydrocarbons 
•Gasoline 
•Diesel /biodiesel 
•E85 (85% ethanol,  
15% gasoline)

Gaseous Hydrocarbons
•Compressed Nat. Gas 
(CNG) 
•Liquefied natural gas 

Electricity

Hydrogen

Conventional Internal 
Combustion Engine (ICE) for 
liquid fuels 

Plug-in Hybrid Electric Vehicle 
with ICE (PHEV)  

Battery Electric Vehicle (BEV)

Hybrid Electric Vehicle with ICE 
(HEV)

ICE for gaseous fuels  
•CNG 
•Hydrogen 

Fuel Cell (Electric) Vehicle 
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Table 16.1: Summary Table of Alternative-Fuel Vehicles 

 Energy Resource Advantages Disadvantages 
Biodiesel • Vegetable Oil 

• Tallow 
• Algae (soon) 

• Uses renewable domestic 
resources 

• Much lower CO2 emissions 
• Technology available now 
• Long driving range 
• Quick refueling 

• Uses scarce farmland and 
water 

• Cannot supply entire USA 
 

85% 
Ethanol 
15% 
Gasoline 
Blend 
(E85) 

• Corn (now) 
• Cellulose (grass, 

waste from wood, 
agricultural, and 
municipal sources 
(soon) 

• Algae (soon) 

• Uses renewable domestic 
resources and agric. waste  

• Lower (using corn) to much 
lower (using algae or 
cellulose) CO2 emissions 

• Technology available now 
• Flex-fuel vehicles (FFVs) can 

also run on gasoline 
• Medium driving range 
• Quick refueling 

• Uses scarce land and water 
• Cannot supply entire USA 
• Corn growing uses oil for 

fertilizers and equipment 
• Corn-based ethanol may drive 

up food prices and lead to 
tropical deforestation 

• Corn may be a transitional 
source of ethanol 

 
Compress
ed or 
Liquefied 
Natural 
Gas (CNG 
or LNG) 

• Natural gas • Cheap domestic resources 
• Technology available now 
• Lower CO2 emissions 
• Med. driving range (CNG) 
• Long driving range (LNG) 
• Quick refueling 
• Low cost per mile 

• Finite supplies, price could rise 
with greater use 

• Competes with home, 
industrial, power-plant uses 

• LNG uses costly specialized 
fueling equipment (-268°F) 

• Emits some CO2 
Liquefied 
Petrol-
eum 
Gases 
(LPG) 

• Petroleum (or nat’l 
gas) refining 

• A gas at ambient 
temperatures, but 
liquid under mod-
erate pressure 

• Cheap domestic resources 
• Technology available now 
• Liquid storage provides 

driving range close to that of 
gasoline, and fast refueling 

• Cleaner than gasoline 
• Inexpensive storage tanks 

• Emits some CO2 
• Competes with home, 

industrial, power-plant uses 
• Not as clean as natural gas 

Plug-in 
Hybrid 
Electric 
Vehicle 
(PHEV) 

• Gasoline and grid 
electricity 

• Most trips are short, thus 
possible with battery only 

• Long trips possible by 
refueling with gasoline 

• Power produced three ways 
(gasoline, braking, grid) 

• High efficiency 
• Infrastructure exists 

• Still depends on gasoline 
• Still emits CO2 
• High cost of dual systems 

(ICE/tank + electric 
motor/battery) 

Battery-
Electric 
Vehicle 
(BEV) 

• Grid electricity • Zero emissions (if using 
renewable electricity) 

• High energy efficiency 
(battery to wheels) 

• Short driving range 
• Slow recharging 
• Loses charge within days 

Hydrogen 
Fuel Cell 
Vehicle 
(H2-FCV) 

• From natural gas by 
steam reforming  

• From water by 
electrolysis using 
grid electricity 

• Seen by many as the ultimate 
long-run solution 

• Emits only water vapor 
• Produced many ways, could 

supply entire US eventually 
• High energy efficiency (pump 

to wheels) 
• Quick refueling 
• Medium driving range (now) 

• Currently most expensive fuel 
and vehicles 

• Commercialization in 2015? 
• Unfamiliar to consumers and 

agencies 
• Energy efficiency and CO2 

depend on energy source 
• Diverts renewable electricity 

from replacing coal power? 
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technologies, and employ different assumptions.4  Gasoline vehicles perform well on the 
well-to-tank stage but not as well on the tank-to-wheel stage.  Diesel and hybrids perform 
incrementally better than gasoline.  Natural gas is cleaner than gasoline and contains less 
carbon per million BTUs, and is also cheaper.  The models can show ethanol to be energy 
inefficient and environmentally unsustainable if the solar energy, fertilizers, water, and 
petroleum that goes into growing corn are counted, or the opposite if the free solar energy is 
not counted, cellulosic or algae sources replace corn, and its carbon removal from the air is 
considered.  Vehicles that use electric motors—BEVs and H2-FCVs—have an efficiency 
advantage over internal combustion engines because they generate less waste heat.  This 
advantage does not necessarily translate into longer driving range because of limits to the 
amount of electricity that can be stored in batteries, or to the amount of compressed gases 
(H2, CNG) that can be stored in tanks onboard the vehicles.  Storing H2 or natural gas in 
liquefied form can increase the energy density, but also increases cost and complexity.  BEVs 
and FCVs are the only zero-emission technologies, but they can only lower carbon emissions 
drastically if the electricity or hydrogen are made from renewable sources. 
 
Costs.  The benefits of AFVs will only be realized if the costs are reasonable.  Costs, 
however, are difficult to estimate due to economies of scale, externalities, and technological 
change.  Natural-gas vehicles cost about $3,000 (10-15%) more than similar conventional 
vehicles.5  Flex-fuel vehicle prices are comparable to their gas-only counterparts.  Mass-
produced, plug-in, hybrid-electric and battery-electric vehicles will hit the market in 2010-
2012, and major American, Japanese, and German auto companies are targeting 2015 for 
commercialization of H2 FCVs. 
 
Station costs are highly variable. E85 stations are most plentiful and increasing the fastest. 
The cost of converting an existing tank at an existing station and retrofitting the dispensers 
averages about $21,000, while new tanks average $71,000.6  
 
Figure 16.2 compares the cost of gasoline from 2005 to 2008 with the cost of an equivalent 
amount of energy from E85, natural gas, and propane.  E85 typically sells for 25-50¢ less per 
gallon of gasoline equivalent, while natural gas has consistently been cheapest.  Biodiesel 
(not shown) closely tracks the price of diesel fuel.  Hydrogen (also not shown) is still quite 
expensive to produce, either by steam-reforming natural gas or electrolysis of water.  A 
kilogram of hydrogen is equivalent to a gallon of gasoline. 
 
Heat value is only one of the factors in comparing fuel costs. Internal combustion engines 
average 22-28% efficiency because of the large amount of waste heat, while the electric 
motors of BEVs, PHEVs, and FCVs can be up to 90% efficient.  A second important factor is 
economies of scale: AFVs will become cheaper at higher production volumes.  Thirdly, as 
discussed in Chapter 1, the external costs of gasoline-fueled vehicles arguably include the 
costs of smog, global warming, sprawl, and “oil security.”  If a global warming agreement is 
signed by the United States, it could help level the playing field among AFVs and gasoline-
powered vehicles. 
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Figure 16.2: Recent Prices of Some Alternative Fuels 
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Source: Data from Alternative Fuels and Advanced Vehicles Data Center, U.S. Department of Energy 
www.afdc.energy.gov/afdc/data/#www.afdc.energy.gov/afdc/data/. 
 
Alternative Fuels and Vehicles.  On a per-person basis, Arizona consumes substantially 
more alternative fuels than the U.S. average (Table 16.2).7  This is due mainly to the 
extensive use of alternative fuel by fleet operations of municipalities, transit agencies, 
utilities, and Sky Harbor Airport, which requires all contract carriers serving the airport to 
use alternative fuel.  The largest alt-fuel user in the United States is Valley Metro, whose 
LNG transit buses use an equivalent of 9 million gallons annually. 
 
Table 16.2: Estimated Consumption of Alternative Fuels by Fuel Type, 2006 

(Gasoline-Equivalent Gallons) 

 CNG Electrica E85  H2 LNG LPG Total 
Arizona Total 7,367,000 159,000 1,218,000 0 8,919,000 5,202,000 22,865,000
AZ per person 1.19 0.03 0.20 0 1.45 0.84 3.71 
U.S. Total 172,011,000 5,104,000 44,041,000 41,000 23,474,000 173,130,000 417,803,000
US per person 0.58 0.02 0.15 0 0.08 0.58 1.40 
Source: Alternatives to Traditional Transportation Fuels 2006. U.S. EIA. 
www.eia.doe.gov/cneaf/alternate/page/atftables/afvtransfuel_II.html. Biodiesel data not available. 
 
The supply of AFVs in the United States is growing.  In 2006, auto manufacturers and 
aftermarket conversions supplied 1.23 million AFVs, up from 895,000 in 2002.8  Of these, 
over 1 million were flex-fuel vehicles burning ethanol-gasoline blends, and 216,000 were 
gas-electric hybrids. About 3,100 CNG vehicles and 2,700 BEVs were made available. 
 
Alt-Fuel Stations.  There were 167,000 retail gasoline stations in the United States in 2006, 
compared to 5,700 alt-fuel stations in October 2008 (latest data).  Arizona had 133 alt-fuel or 
electric charging stations (2008) and 2,190 gas stations (2006).9  Of the gas stations, 38% sell 
propane (LPG), but primarily for refilling BBQ tanks rather than vehicle tanks (Table 16.3). 
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Another 30% sell CNG. For these two fuels, Arizona has more stations per million people 
than the United States as a whole, but it lags behind in biodiesel, E85, hydrogen, and LNG.  
In addition, many of these stations are just for fleets and are not open to the public. 

 
Table 16.3: Alternative Fuel Stations, October 2008 

 Biodiesel CNG E85 Electric H2 LNG LPG Total 
Arizona Total 10 40 21 5 1 5 51 133 
Arizona per 
million people 1.6 6.3 3.3 0.8 0.2 0.8 8.0 21.0 
U.S. Total 625 777 1676 439 46 38 2141 5742 
U.S. per million 
people 2.1 2.6 5.6 1.5 0.2 0.1 7.1 19.0 
Source: Alternative Fuels and Advanced Vehicles Data Center. U.S. 
Department of Energy, 
www.afdc.energy.gov/afdc/fuels/stations_counts.html. 

 
Compared with other states, the geographic distribution of stations in Arizona is highly 
concentrated (Figure 16.3). Arizona has a mix of station types in Phoenix and Tucson, with 
little connectivity to other cities or states. In comparison, the Midwest boasts broad coverage  
 

Figure 16.3: Alternative Fuel Stations in the United States, 2008 

 
Source: U.S. Overview Maps. Alternative Fuels and Advanced Vehicles Data Center, U.S. 
Department of Energy. afdcmap2.nrel.gov/Website/Stations/viewer.htm.10 
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by E85 stations. Biodiesel stations are spread widely in the southeast and linked into linear 
networks in the Pacific Northwest, Colorado, and Pennsylvania. California is developing 
clusters of hydrogen and electric stations for zero-emission vehicles. Utah, Oklahoma, 
California, and the Mid-Atlantic states offer networks of CNG stations.  
 
Existing Plans and Programs 
 
Arizona’s Alt-Fuel Fiasco.  Arizona’s efforts to promote alt-fuels were dealt a severe 
setback in 2000 by a state incentive program gone awry.11  In April 1999, a last-minute 
change to legislation extended a 40% rebate on purchasing AFVs to include AFV aftermarket 
conversions of SUVs and pickups, and eliminated some fees.  The program was not 
monitored properly, and many consumers purchased flex-fuel vehicles and then disconnected 
the alt-fuel tank.  The program, initially projected to cost the state $3 million, ended up 
costing $200 million.  Many legislators and citizens who did not support alternative fuels in 
the first place became staunch opponents, with the media fanning the flames.  To their credit, 
fleet managers, who can employ central fueling, continued to adapt to alt-fuels. 
 
Current State and Federal Programs.  Federal tax credits of up to $4,000 have been 
available to buyers of hybrid, diesel, battery-electric, alt-fuel, and fuel-cell vehicles placed in 
service on or after January 1, 2006, based on weight, technology, and fuel economy.  The 
credit is phased out after the manufacturer has sold 60,000 eligible vehicles.  
 
In October 2008, Congress passed the Energy Improvement and Extension Act, which offers 
many tax incentives related to fuel production and AFVs.12  In particular, the bill expands 
incentive programs for biodiesel and cellulosic ethanol.  In addition, plug-in hybrids qualify 
for a $2,500 credit, plus $417 for each kWh of battery-pack capacity, up to 250,000 vehicles 
per manufacturer.  Electricity has been specifically included as a “clean-burning fuel” that 
qualifies for the AFV credit.  In February, 2009, the American Recovery and Reinvestment 
Act established competitive grant programs with: $2 billion for Advanced Battery 
Manufacturing, $400 million for Transportation Electrification, and $300 million for an 
Alternative Fueled-Vehicles Pilot Grants.  The latter program finances incremental costs for 
vehicles ranging from $2,000 for hybrid cars to $1 million for H2-FCV trucks, and cost 
sharing for refueling stations ranging from $50,000 for biofuel to $300,000 for hydrogen.13 
 
Arizona is a national leader when it comes to AFV fleet requirements.  Arizona applies EPA 
standards designed for federal fleets to all municipal fleets of 20 or more vehicles in EPA 
non-attainment counties.  Some of the other important and effective state-level programs in 
Arizona for advancing alternative fuels include:14   

• HOV-lane privileges for AFVs  
• Reduced license fee for AFVs 
• Law-enforcement AFVs exempted from special AFV license plate 
• Neighborhood-electric vehicles (e.g., golf carts) allowed on local streets 
• School-bus idle-reduction programs 

 
Clean Cities Coalitions.  The Clean Cities Coalitions in the Greater Phoenix15 and Tucson16 
areas are charted by the U.S. Department of Energy.  Their goal is to assist in the 
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displacement of petroleum fuels to achieve cleaner air and energy security.  Clean Cities has 
been instrumental in promoting the use of alt-fuel vehicles through basic coordination of 
outreach, demonstrations, and legislative involvement.  
 
Challenges 
 
Barriers to Alternative Fuels.  A 2006 study by the National Renewable Energy Laboratory 
(NREL) ranked the various barriers to alternative fuels based on the scientific literature, 
NREL scientists, and Clean Cities coordinators.  The following barriers ranked in the top 
eight on the lists from all three sources:  
 

• Availability of refueling station infrastructure 
• High cost of constructing infrastructure 
• Availability of AFVs 
• Inconsistent public policy and leadership messages 
• Higher cost of purchasing AFVs 
 

All three sources ranked the lack of alt-fuel stations as the number-one barrier.  Most 
consumers who purchase AFVs today face major inconveniences and detours when refueling 
their vehicles, or even a complete lack of stations in their area.  Other barriers mentioned in 
the NREL report included competition against the economies of scale of conventional 
vehicles, lack of economic incentives, lack of customer awareness and market acceptance, 
lack of trained maintenance technicians and station operators, poor perceived or actual AFV 
performance, low oil prices, unfamiliarity with the properties of alternative fuels, and 
inconsistent codes, CAFE standards, and automaker warranties.17 
 
A strong disincentive has been the federal government’s failure to enforce (and eventual 
abandonment of) the progressive requirements of the EPAct fleet-management target goals.  
The petroleum-fuel lobby has been effective in blocking major legislative incentives.  To a 
great degree, the vehicles are available or can be adapted to use alternative fuels.  It will, 
however, take major support and mandates to establish the public fueling sites, as well as 
“truck stop” fuel availability for the long-distance freight haulers, necessary to realize the full 
potential of alternative-fuel use. 
 
The “Chicken and Egg” Problem.  It is often said that the transition to alternative fuels faces 
a chicken-and-egg quandary.18  Auto manufacturers will not mass-produce AFVs until 
consumers are able to refuel the cars conveniently.  Likewise, energy companies will have no 
market for alt-fuels until reasonably priced vehicles are available.  The typical solution to this 
vicious cycle is government subsidies for an initial alt-fuel infrastructure, along with 
incentives or mandates for government and industry fleets of AFVs.  This two-pronged 
approach is meant to provide guaranteed initial demand for vehicles and stations 
simultaneously.  Yet, a major message from the NREL study was that the fleet market “was 
not sufficient to generate significant sales for vehicle manufacturers,” and that “finding a way 
to transition from fleets to consumers is equally critical.”19 
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The “Valley of Death.”  Introducing a new type of car is extremely costly. Manufacturers 
refer to the process of moving from prototypes to batch production to full-scale mass 
production as “crossing the Valley of Death.”  With the help of six automakers, Oak Ridge 
National Laboratory estimated that a decline from $100,000 per car to about $20,000 can be 
expected after 60,000 vehicles are produced, but that the first 60,000 vehicles must be sold at 
a large loss or be heavily subsidized.20  Flex-fuel and HEVs are past the Valley of Death, 
while PHEVs, BEVs, and FCVs are just entering it. 
 
Opportunities 
 
The U.S. EPA and DOE maintain several web sites summarizing federal and state AFV 
programs by technology, type of program, and state.21  
 
Fleet Requirements. Arizona is already a leader in mandating fleet conversions, but other 
opportunities exist. California’s Safe School Bus program replaced 777 old diesel buses.22 
With a similar program, Arizona could “convert” school buses to run on biodiesel with no 
retrofitting of buses. 
 
Refueling Infrastructure Development.  The federal government has a fund-matching 
program for E85 station conversions: $30K or 30%, whichever is greater.  Arizona has 
similar legislation, but the program has not been funded. 
 
Picking a Winner . . . or Spreading the Bets?  The sheer weight of the required fueling 
infrastructure has been the main roadblock to AFVs.  To get Arizona consumers driving 
AFVs sooner, the state would need to partner with private industry to seed a minimal public-
refueling infrastructure.  Less assistance would be needed for E85 stations because flex-fuel 
vehicles are already mass-produced, while more assistance would be needed for NGVs, 
BEVs, and H2 FCVs.  A dilemma facing Arizona is whether to spread its bets or focus 
investments on one type of fuel.  Investing in one type of fuel would establish a critical mass 
of stations earlier than investing in several types.23  A U.S. DOE study of required hydrogen 
infrastructure suggests that roughly 100 stations (or 7%) would break the chicken-and-egg 
cycle for an alt-fuel in the Phoenix area.24 
 
Some areas of the country are specializing in a particular alt-fuel in which they have a 
comparative advantage or see unusual promise (Figure 16.3). Several examples stand out: 
 

• California’s Hydrogen Highway, proposed by Governor Arnold Schwarzenegger in 
2004 based on hydrogen’s zero-emission potential and California’s high-tech 
leadership (more information below). 

• Texas’s dense propane-station network, based on their petrochemical industry. 
• Hawaii’s (and the Hawaii Electric Company’s) endorsement of a comprehensive plan 

for BEVs with swappable batteries and intelligent charging stations.  The venture 
capital firm, A Better Place, is rolling out networks in Israel and Denmark in 2011, 
and in Australia, California, and Hawaii in 2012.25 
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Arizona’s advantage may lie in solar energy, which is well suited to making electricity and 
hydrogen, and for growing algae in tubes and ponds to make biofuels or hydrogen.  Of 
course, there is a risk in focusing on a fuel that turns out to be a technological dead end. 
 
Clustering and Connecting.  If an alt-fuel infrastructure is to be developed in Arizona, where 
should stations be placed?  A lesson can be learned from California’s Hydrogen Highway.  
The initial plan called for 200 refueling stations at 20-mile intervals by 2010, at a cost of up 
to $100 million. By 2007, the strategy shifted to clustering stations in the densely populated, 
wealthier, and more polluted Los Angeles and San Francisco-Sacramento regions, thus 
maximizing the likely adopters.26  Connecting these clusters with stations on interstate 
highways has been postponed to a second phase.  Similarly, the U.S. DOE has shifted to a 
clustering strategy.27  With this clustering strategy, early adopters are likely to be multi-
vehicle households that would purchase one AFV for commuting and other urban trips, and 
keep a second, conventional vehicle for inter-city trips.  To move beyond this demographic, 
it will be important to either coordinate with neighboring states to develop alt-fuel station 
corridors on heavily traveled routes, or offer flex-fuel vehicles that run on gasoline or alt-
fuels. For long-haul truck carriers, there will need to be interstate corridors with biodiesel 
stations at perhaps 75-mile intervals, coupled with idle-reduction equipment to keep the truck 
engines turned off while drivers take their mandatory 8-10 hour rest. 
 
Research and Economic Development.  Arizona’s three state universities are conducting 
scientific research on producing, storing, and utilizing alternative fuels and electricity.  With 
its solar resources, Arizona has an opportunity to parlay innovation into an in-state source of 
alternative fuels, as well as exports of fuels and high-tech equipment.  Abundant solar 
electricity is the key to several long-term visions of sustainable economies. The solar-
hydrogen economy envisions cheap solar electricity being used to electrolyze water into 
hydrogen, which is then burned for heat or used in fuel cells for electricity, all with zero 
emissions.28  The algae-biofuels vision calls for using the planet’s oldest and most efficient 
form of plant life to produce ethanol, biodiesel, and jet fuel; if co-located with coal-fired 
power plants, algae could also capture CO2 emissions and convert them to transportation 
fuels. 29  Investment in research could pay great dividends and break Arizona’s dependence 
on transportation energy imported from other states. 
 
Leadership.  There are always doubters in the development of new technologies—a reaction 
that was exacerbated by Arizona’s alt-fuel legislation fiasco of 2000.  But if countries such as 
Brazil, Iran, and Pakistan can each put 1 million CNG vehicles on their roads, surely the 
United States can make similar progress.  This is where leadership comes into play.  As 
mentioned earlier, the NREL study on barriers highlighted the inconsistency of public policy 
and leadership messages.  They called on leaders to convey the “significance of transition, 
including energy security, enhancement of domestic economy, and environmental 
stewardship.”30  While all of these reasons are important, they imply different 
implementation strategies and different priorities on specific fuels or technologies.  NREL 
also highlighted the inconsistent and possibly conflicting objectives of federal, state, and 
local policy makers.  Arizona needs a clear and consistent strategy for the highly challenging 
transition phase to alternative fuels.   
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List of Abbreviations Used  
 
AFV Alternative-fuel vehicle FCV Fuel-cell (electric) vehicle 
BEV Battery electric vehicle FFV Flex-fuel vehicle 
Btu British Thermal Unit  H2 Hydrogen 
CAFE Corporate Average Fuel Economy 

standards 
HEV Hybrid electric vehicle 

CNG Compressed natural gas ICE Internal combustion engine 
CO2 Carbon dioxide LNG Liquefied natural gas 
DOE (U.S.) Department of Energy  LPG Liquefied petroleum gases (propane) 
EIA (U.S.) Energy Information 

Administration 
NREL National Renewable Energy Laboratory  

EPA (U.S.) Environmental Protection 
Agency 

PHEV Plug-in hybrid electric vehicle 

E85 Blend of 85% ethanol and 15% 
gasoline 
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Chapter 17 
 

PUBLIC INVOLVEMENT IN ARIZONA’S 
TRANSPORTATION DECISION MAKING 

 
Keiron Bailey 

University of Arizona, Department of Geography and Regional Development  
 
Key Points 
 

• Public participation in project planning is a basic element of a democratic 
society and is important to implementing effective transportation systems. 

• Public involvement in transportation is a complex, often contested 
undertaking because of diverging stakeholder desires. 

• An effective public-participation process can overcome these problems by 
fostering trust and communication and effectively arriving at compromises 
and solutions. 

 
Current Conditions 
 
Public involvement in transportation decision-making in Arizona and elsewhere is a complex 
undertaking.  Projects can range in geographic scale and temporal scope from highway 
rehabilitation to interstate-corridor plans or new transit-system developments that take a 
decade or more.  They also range in concept from rather nebulous planning or visioning 
questions to hard criteria such as design alternatives for structures such as noise walls. 
 
Arizona Transportation Projects.  A number of controversial large transportation projects 
are in the planning and design stages.  An example is the I-10 bypass in central and southern 
Arizona, intended to allow heavy commercial-vehicle traffic to bypass downtown Phoenix 
and Tucson.  For the Tucson bypass section, four potential routes are being discussed. Some 
of the concerns raised in various media are about the environmental impacts on each of the 
proposed corridors,1 but others are related to the legitimacy of the proposal within a 
democratic system.  For example, one source notes: 
 

Of course, even with the overwhelming public opposition to this road, plans may still 
go forward.  As ADOT representative Buskirk noted on Wednesday, the State 
Transportation Board [does] not report to, nor are they accountable to, the state 
legislature.2  
 

For local-scale projects, considerable time and effort has been spent gathering commentary 
on design and redevelopment preferences.  For example, the transcript of public comments 
on the proposed Grant Road improvement in the Tucson area contains 400 comments totaling 
58 pages. 3  In the transcript, these are categorized primarily with respect to their impact on 
the alignment issue being considered.  But the mechanism by which specific comments are 
translated into design guidance is not clear. 
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The fact that a variety of agencies and governmental levels collaborate on planning and 
constructing transportation projects further complicates the public-involvement process.  
Two successful examples of intra-agency collaboration on public involvement are the Route 
179 project near Sedona (see Opportunities, below) and the Grant Road Improvement Plan in 
Tucson.  A key to their success was the proactive approach of regional and local 
stakeholders, including Metropolitan Planning Organizations (MPOs) and city transportation 
departments.  For example, at a federal peer-exchange workshop in Tucson in 2004, agency 
representatives from a number of states shared their procedures for enhancing inter-agency 
cooperation in public involvement.4 
 
Perceptions of Public Participation.  Although little hard data exist by which to evaluate the 
quality of public involvement, there is some evidence that involvement is not perceived by 
stakeholders to be as meaningful as it could be.  Bailey and Grossardt have gathered 
nationwide and Arizona data on the quality of public involvement in transportation planning 
and design from both public respondents and professional groups.5 Their data use an eight-
step scale proposed by planner Sherry Arnstein to describe levels of public involvement in 
planning (Figure 17.1).6  The “Arnstein ladder” ranges from non-participation and a feeling 
of being manipulated (Step 1) to outright citizen control of project planning (Step 8).  
 

Figure 17.1: Arnstein Ladder of Public Participation 

 

Source:  Arnstein (1969) 

Bailey and Grossardt7 asked two questions at open public meetings related to transportation.  
The questions were “In your experience as a citizen participating in transportation planning, 
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where do you believe you are now?” and, “In an ideal world, where should you be?” 
Respondents were asked to place their answers among the “rungs” of the Arnstein ladder. 
The Arizona data are summarized in Figure 17.2.  
 
The difference between the desired and actual levels of participation measures the public-
involvement quality deficit, as stakeholders see it, and is known as the “Arnstein Gap.”  
What it means is that citizens perceive the quality of their involvement in transportation 
decision-making, at about 3.7, to be significantly lower than they desire.  Transportation 
professionals also acknowledge that actual public involvement is in the “tokenism” range, 
though they perceive participation to be one step higher (4.6) than the public does. It is also 
notable that citizens desire level six, “partnership,” and not level eight, or “citizen control,” 
as some professionals assume, and that professionals and citizens actually agree quite 
strongly on the ideal level of participation, namely level six—partnership. The Arnstein Gap 
in the data from Arizona is consistent with that obtained from other states.8  

Figure 17.2: Stakeholder Evaluation of Public Involvement  

3 4 5 6 7

Level on Arnstein Ladder

Actual

Desired Public
Professionals

 
Source: Data obtained in 2004-2006 by the author at various forums in Tucson and Phoenix (n=88). 
 
Existing Plans and Programs 

Legislative Background.  At the federal level, many observers believe that the drive for 
public involvement began with Title VI of the 1964 Civil Rights Act.  This states that, “No 
person in the United States shall, on the grounds of race, color, or national origin, be 
excluded from participation in, be denied the benefits of, or be subjected to discrimination 
under any program or activity receiving Federal financial assistance.”  Since the National 
Environmental Policy Act (NEPA) of 1969, public involvement has been mandated in 
federally funded projects, or those that generate impacts on federally prescribed factors.  
Many states followed NEPA and its Environmental Impact Statement provisions with their 
own state mandates for public involvement in similar cases.  Particularly since the passage of 
the Intermodal Surface Transportation Equity Act (ISTEA) in 1991, public involvement has 
become a more formal and prominent mandate in legislative documents.  Subsequently, a 
series of federal initiatives level have sought to codify the relationship among the 
environment, stakeholders, and the transportation system. For example, context-sensitive 
solutions are an initiative promulgated by the federal government to improve transportation 
solutions by fitting them more effectively into their social and environmental contexts 
through collaborative planning processes.9  The 1997 USDOT Environmental Justice 
mandate sought to strengthen and codify Title VI specifications,10 causing new rules to be 
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adopted by both FHWA and FTA.11  Although these initiatives contain extensive reference to 
the benefits of public involvement, they are couched in broad terms and lack specificity 
about process objectives or outcomes. 

Legally, public involvement must be executed at the state or local level.  Many transportation 
projects must be approved by, or are funded by, ADOT.  Therefore, private-sector firms 
working on contract for state offices are hired to facilitate much public involvement.  
Sometimes these performing organizations are large civil-engineering firms that conduct an 
in-house public involvement process, and sometimes they are firms specializing in public 
involvement, or even marketing or public relations firms.  However, the mandated form of 
public involvement is limited under Arizona law.  For example, in terms of public input into 
large-scale processes such as highway surveys, Arizona Revised Statute §28-6952 only 
requires “a public hearing held at the office of the board to review the program and hear 
objections and protests from an individual or group.”  As with many such statutes, the precise 
nature and objectives of the public involvement, and the link between information obtained 
and planning or design output, is not specified.12 
 
Visioning processes like the regional general plans developed by MPOs and/or city or county 
authorities include public involvement.  In the early 1990s, the Pima Association of 
Governments (PAG) developed a public involvement plan.13  General principles for public 
involvement have become increasingly codified since then.  For example, ADOT has 
published a set of Public Involvement Guidelines.14  The Guidelines define public 
involvement as “any level of participation by the public in helping to shape the outcome of a 
project.  It includes processes to gather input from the public and using that input to make 
better decisions.”15 
 
Challenges 
 
Improving the Quality of Public Involvement. Moving forward, public involvement faces 
systemic challenges.  Compared with, for example, the technical qualities of engineering 
designs that can be assessed using standardized performance metrics, public involvement is 
much more challenging to execute and evaluate.  As the scale of public involvement 
increases, the demands on the project sponsor increase. Infinite time and money are not 
available to conduct such involvement, creating pressure on the sponsoring agencies to distill 
recommendations in a short time, using few meetings.   

 
Arizona faces some serious challenges in integrated transportation and land-use planning.  
There are large cultural differences in attitudes towards transportation, growth, economic 
development, and the environment among and within groups such as ranchers, rural dwellers, 
urban neighborhood groups, suburbanites, exurbanites, and incoming migrants. And with 
sizable populations of recent immigrants and households where a language other than 
English is spoken, Arizona’s public agencies need to give special attention to the outreach 
and communication approaches they use. Because of language and cultural barriers, many 
people feel marginalized by the typical public process. After more than 40 years of Title VI 
(Civil Rights Act) experience, this is still an important and unsolved issue nationally and in 
Arizona. Indeed, Executive Order 13166 (August, 2000)16 restated the importance of paying 
attention to including populations with limited English proficiency, and in December, 2008 
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the National Academy of Sciences began a project to develop methods to improve the 
involvement of “traditionally underserved populations.”17 
 
Bureaucratic Attitudes. The aforementioned Public Involvement Guidelines contain a 
number of useful techniques in project management and process delivery.  The stipulation for 
project managers to be present as the “public face” of the project, for example, is certainly 
helpful.18  However, engaging the public effectively is another matter.  An ADOT report on 
Tools to Improve Partnering and Project Delivery19 notes that a direct link exists between 
citizen trust and the value of transportation decisions, and refers to public perception as “the 
reality of [an] organization’s value.”  This ADOT report provides a number of useful 
techniques for engagement, but it also contains areas that may benefit from some of the 
emerging techniques described below.  
 
Public Attitudes.  The idea of “consensus” is central to much research on public 
involvement.  Consensus, in terms of agreement on outcome, is often difficult to reach 
among large numbers of stakeholder groups.20  Many researchers have noted the problematic 
dynamic in transportation, one in which stakeholders refuse to participate in, or do not 
believe in the legitimacy of, public-involvement processes conducted at a low level on the 
Arnstein Ladder.  Some stakeholders believe their time will be wasted by attending mandated 
public meetings at which the sponsors have a hidden agenda; that their choices are controlled 
in ways that validate designers’ egos literally at public expense; and that groups with extreme 
positions will create a hostile climate and intimidate majority view-holders or those without 
formal training or knowledge.  Even people more open to the process may stay away because 
they believe their input cannot effectively be captured in a short period of time.  Then, when 
the process is finished and the outcome is not to their liking (or sometimes even if the 
outcome is acceptable to them), that reinforces their initial refusal to participate. 
 
Unstructured public involvement often consists of adversarial public meetings driven by 
interest-group politics, which citizens may deem a waste of their time.  This leads to what the 
Arizona Star termed “civic detachment,” which “creates a situation where political and 
economic control of the city’s future by default falls to a relatively small nucleus of natives 
or long-term residents.”21  Consequently, many stay home and do not contribute their 
valuations to the transportation-system designers.  The effects of this are clear.  Until such 
time as the Arnstein Gap is closed, severe and continuing conflicts can be expected.  In a 
large group with strong and diverse opinions, it will never be possible to eliminate all conflict 
over outcomes.  However, it is possible to increase the quality and legitimacy of 
transportation planning processes by ensuring that the mechanisms used to elicit and value 
public inputs are transparent, efficient in terms of time and resources, and that they are 
perceived by stakeholders as fair and equitable.  These objectives can be achieved by 
designing the public-involvement process from the ground up, in accordance with basic 
democratic principles, and at the desired “partnership” level. 
 
Stakeholders increasingly expect and demand a higher quality of public involvement.  
Achieving this will not be easy.  It requires more analytic attention to public involvement.  
Given the enormous sums of public money being spent, taxpayers will demand more efficient 
processes that can produce efficient solutions.  They are increasingly intolerant of 
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“tokenism” in public involvement.  The “silent majority” that declines to participate in public 
forums comprises the majority of stakeholders.  Therefore, the input from public meetings 
typically doesn’t represent the range of stakeholder views, and that erodes confidence in the 
legitimacy of actions undertaken on the basis of such input.  To overcome civic detachment, 
the public involvement process needs to be seen as legitimate.  Ultimately, closing the 
Arnstein gap would help ensure that every participant feels that their views have been heard 
and included, even if the outcomes are not in accordance with their preferences.   
 
Opportunities 
 
Practical, methodological, and educational steps can improve the public-involvement 
process.  The transportation community is now paying attention to these issues.  State DOTs 
(such as Utah’s) are beginning to introduce indicators for public involvement and decision 
quality that are tied to contractors’ payments.  States are requiring use of best-practice 
methods for designing large-scale public-involvement processes, such as techniques for 
managing meetings and eliciting meaningful valuations from large numbers of stakeholders, 
using face-to-face and remote or online survey methods.  Citizens and professionals need to 
appreciate the relative strengths and weaknesses of different public-involvement techniques, 
ranging from the “meeting in a bag,” to more structured protocols using electronic polling at 
large, open public meetings.   
 
Two developments demonstrate the significant improvements that can be made in public 
involvement, given the right effort and tools. ADOT recently underwent a process of 
“context-sensitive solutions” for the upgrade to State Route 179 from I-10 through Oak 
Creek Village to Sedona. An extensive outreach process with frequent regular meetings 
incorporated input from a range of stakeholders. Stakeholders initially defined a set of “core 
values” that served to guide many of the ensuing discussions and charrettes, which are 
collaborative sessions in which a group of designers drafts a solution to a design problem.22 
Dozens of meetings with the community produced a range of design options. Because of the 
outstanding outcome and support from the community, the project went on to receive the 
International Best Project Award from the prestigious Institute of Transportation Engineers 
2005 Transportation Planning Council and a Best Practices in Context Sensitive Solutions 
award from the American Association of State Highway and Transportation Officials. 
 
Another approach when dealing with large numbers of stakeholders is the Structured Public 
Involvement (SPI) approach, designed by the author (see www.u.arizona.edu/~kbailey/ 
Research2.htm).  SPI is designed to sort through politically contentious and conceptually 
complex public-goods problems (e.g. transportation planning, bridge design, power-line 
placement, etc.) objectively, based on a theoretical framework of procedural justice.23  The 
approach elicits input from a wide range of stakeholders along with their perspectives and 
concerns, using electronic polling at public meetings, and integrates these into decision-
making using Geographic Information Systems, three-dimensional computer visualization, 
and decision modeling.  SPI allows technicians, engineers, and planners to understand the 
social context within which their decisions are made, and illustrates technical issues to 
stakeholders in ways they can understand.  Within SPI, the Casewise Visual Evaluation 
technique decomposes the public’s preferences for complete designs into their preferences 
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for individual elements, thus helping designers, planners, and architects to narrow down 
public preferences for design options to specific sets of elemental combinations that are 
likely to be preferred.  This methodology has been applied to highway design in a rural area 
of Kentucky and to a block-scale transit-oriented development in Louisville, KY.  SPI has 
been applied to transportation questions across the United States ranging from the $4.5 
billion Louisville Southern Indiana Ohio River Bridges project to integrated transportation 
and land use planning for an Indiana town.  SPI projects have won numerous awards, 
including most recently the Transportation Research Board's 2008 Herrington Award for 
Excellence in Visualization. SPI protocols consistently deliver high process evaluation scores 
from anonymous real-time evaluation polling at open public meetings dealing with real, and 
often contentious, projects. 
 
Citizens would benefit from access to best-practice examples of large-scale public 
involvement, so that they can evaluate the quality of their local engagement by comparing it 
to these examples.  Another critical need is better training for civil engineers, who often 
design and implement public-involvement protocols or manage subcontractors without 
sufficient preparation in or knowledge of public involvement.  With $104 billion spent 
nationally in 2004 on transportation infrastructure, of which 93% was taxpayer money,24 the 
quality of public involvement in these processes is not a small matter.   
 
List of Abbreviations Used 
 

ADOT Arizona Department of 
Transportation 

MPO Metropolitan Planning Organization 

FTA Federal Transit Administration SPI Structured Public Involvement 

FHWA Federal Highway Administration   
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TRANSPORTATION FINANCE 
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Key Points 
 

• Transportation funding comes from overlapping federal, state, regional, and 
local sources. 

• There is a growing imbalance between future revenues and the costs of the 
maintenance, operations, and system expansions that will be necessary in the 
future. 

• The state and its regions, counties, and municipalities must evaluate the many 
alternative methods for funding transportation using economic analysis as 
well as political considerations. 

 

Current Conditions 
 
As the 17 previous chapters have shown, Arizona has many pressing transportation needs.  
Its population is expected to continue growing rapidly for the next 25 years, so there will be 
rapid growth in all transportation modes.  According to an Arizona Investment Council (AIC) 
report, over the next 25 years, passenger vehicle-miles traveled (VMT) are expected to grow 
by 103%, rural bus ridership by 108%; air traffic by 109%; urban bus ridership by 100%; 
intercity bus traffic by 52%; and truck VMT by 117%.2  System demands are outpacing 
investment and system maintenance costs are competing with capital improvements.  Arizona 
cannot afford to divert its attention from transportation to other budget arenas. 
 
In addition to population growth, the slow deterioration of roads, rail, airports, and transit 
facilities drives Arizona’s transportation needs.  The American Society of Civil Engineers 
(ASCE) rates the current state of Arizona’s transportation infrastructure as average: roads get 
a C, transit a C+ and aviation a B-.3  The ASCE estimates that it would take $1.6 trillion over 
the next five years to bring all U.S. infrastructure up to “good” condition.  The AIC indicates 
that given Arizona’s projected population growth of 65% from 2008 to 2032, it would take 
$199 -$257 billion to meet the growing demands for transportation (depending on inflation).4  
This chapter accepts that numerical range, although there is empirical evidence that 
“delusional optimism” is common when large infrastructure projects are originally budgeted.  
Around 90% of projects went over budget and ridership was less than half of that predicted.5  
In addition, there may be some moral hazard embedded when engineers forecast demand for 
their services.  Finally, none of the estimates account for possible reductions in demand or 
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changes in travel mode that may result from higher, more direct pricing, such as user fees.  
The estimates assume the current mix of travel mode shares will continue. 
 
The three main problems identified in a national study of infrastructure finance pertain to 
Arizona as well.6  
 

• Revenue is not sufficient to maintain the surface-transportation network and build 
needed improvements. 

• Funding mechanisms and revenue levels are not closely linked to the use of the 
transportation system, which allows costs to grow faster than revenues. 

• Politics drives critical components of the current approach to financing infrastructure, 
and cost-effectiveness is not structurally important.  

 
This chapter focuses on the financing of major roads and public transit.  It ignores local-
government road responsibilities.  Local governments fund surface transportation through 
general local government revenues as well as local sales taxes, impact fees, special 
assessments, community facilities districts, and local debt (usually bonds that anticipate state 
motor-vehicle fuel taxes).  It also ignores the two major freight railroads in Arizona—Union 
Pacific and Burlington Northern Santa Fe (see Ch. 13), as well as Amtrak, which operates 
three intercity rail services and leases tracks from the freight lines (see Ch. 12).  Amtrak is 
run like a private enterprise and operates on a mixture of subsidies, fare revenues, and other 
income.  For freight rail, the estimated capital cumulative need from 2008-2032 is about $5.9 
billion.  There is some federal money involved in financing these rail systems and some 
federal investment tax credits are available.7  Natural gas pipelines and electricity 
transmission lines are operated (and self-financed) by public utilities, with rates subject to 
approval by the Arizona Corporation Commission.  Private-sector oil and gasoline pipelines 
are privately financed. 
 
Although not the focus of this chapter, many of the ideas presented here apply to aviation 
(see Ch. 11).  There are 309 registered airports in Arizona, 92 of which are open to the 
public, and most of which are quite small.  It is projected that Arizona airports will need 
about $12.1 billion during the next 25 years.  This money will come from federal, state, and 
local funds, and is principally derived from taxes on airline tickets, flight property taxes, 
aviation fuel taxes, and user fees and charges.  The Arizona Department of Transportation 
(ADOT) funds a capital improvement program, with the money allocated using a point 
system.8  The state aviation program provides about 55% of the total reported need.  There 
are also federal funds for aviation, distributed by project eligibility and priority.  Passenger 
facilities charges ($3.00-$4.00 in Arizona) also generate revenues for airports, subject to 
Federal Aviation Administration limitations. 
 
Transportation financing has societal implications, many of which are beyond the scope of 
this chapter.  For example, we will ignore the ways in which different financing mechanisms 
may encourage or discourage sprawl, economic development in the long and short run, or 
business and labor mobility. 
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Existing Plans and Programs  
 
Arizona formed the State Highway Commission in 1927 and ADOT in 1974.  Governed by a 
seven-member State Transportation Board, ADOT is responsible for constructing and 
maintaining all interstate and state highways in Arizona, and for providing financial 
assistance to public airports.  
 
The history of transportation finance in Maricopa County illustrates the intricacies of 
transportation finance.  The first formal roads in Arizona were toll roads, authorized in 1864.  
(Even Central Avenue in Phoenix was once a toll road from McDowell Road north to the 
Arizona Canal.)  The Legislature also declared that the existing rough roads were to be toll 
free, while counties were authorized to levy a road tax for construction.  Counties were the 
principal builders of roads, even after statehood in 1912.  In 1960, before the formation of 
ADOT, Maricopa County adopted the first long-range transportation plan for the area.  This 
plan was re-evaluated in 1978, and the Maricopa Association of Governments (MAG) 
adopted a guide for regional development in 1980.  New studies augmented the plan in 1984 
and 1985, and in October 1985, voters in Maricopa County voters approved Proposition 300, 
a half-cent sales tax dedicated to construction of a freeway system.  After Proposition 400 (to 
increase and extend the sales tax) was defeated in 1995, the freeway plan was updated three 
times by 1999 to reflect changes in funding streams and federal legislation.  In 2004, a new 
Proposition 400 passed that continued the countywide half-cent sales tax for regional 
transportation improvement, which should raise about $14.3 billion between 2006 and 2025.  
Proposition 400 allocates 56.2 % of revenues to the regional-area road fund for freeways and 
other routes in the state highway system, 10.5% for major arterial-street and intersection 
improvements, and 33.5 % to public transportation, including light rail.  The legislation also 
included firewalls to prohibit any transfer of the newly raised funds from one mode to 
another.   
 
To finish setting the stage, several important factors affect transportation finance in the state, 
directly and indirectly.  The federal government is in grave economic straits: there are now 
estimates of a potential $1 trillion national deficit.  This means that the state should not 
anticipate any major increases in federal transit funding.9  To illustrate the potential 
instability of federal funding patterns, on September 5, 2008, the Federal Highway Trust 
Fund temporarily declared bankruptcy due to lower-than-expected gas tax revenues, although 
Congress replenished it from general funds only days later.10  The current federal 
transportation-funding legislation, the Safe, Accountable, Flexible, Efficient, Transportation 
Equity Act: A Legacy for Users (SAFETEA-LU), needs to be renewed during 2009, which is 
a politically volatile process.  Arizona is also in a poor fiscal condition due to the recession.  
The estimated state budget deficit for 2008-2009 is approximately $1.6 billion.  For the 2009-
2010 fiscal year, the deficit could be as high as $3 billion.  In addition, costs such as health 
care and pension expenses are likely to increase. 
 
Under the existing model, Arizona transportation plans are part of the Arizona State 
Transportation Improvement Program (STIP).11  Before release of federal funds, the federal 
government must approve this plan, mandated by SAFETEA-LU regulations to be prepared 
every four years.  The projects in the STIP must be consistent with the statewide long-range 
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transportation plan and metropolitan transportation-improvement programs.  Several regional 
planning and development districts develop these programs, with metropolitan planning 
organizations (MPOs) established for the larger urban areas of Phoenix, Tucson, Flagstaff, 
Prescott, and Yuma.  The MPOs develop long-range transportation-improvement plans and 
short-term transportation-investment plans.  See Ch. 3 for more details about these processes, 
which become part of a regional transportation plan.  In air-quality non-attainment areas, 
only “regionally significant projects,” which have been determined to conform under the 
requirements of the Transportation Conformity Rule of 1995, may be included.  Importantly, 
highways needs must be identified as a product of input from citizens (see Chapter 17), local 
governments, state legislators, councils of governments, planning organizations, chambers of 
commerce, the business community and ADOT professional planners and engineers.  These 
planners and engineers rely on technical measures to identify needs, for example, traffic 
counts, traffic projections, truck studies, accident studies, route corridor studies, and the State 
Highway plan.  There is no measure of the use of congestion pricing or other tools that might 
alter the calculated needs.  Upon completion of this analysis, ADOT prioritizes the proposed 
projects by significance of the route, average daily travel, number of accidents, safety factors, 
route continuity, cost effectiveness, and expert recommendations.   
 
Table 18.1 demonstrates the large number of sources that channel revenues into Arizona’s 
transportation system.  Nearly all of the federal funds come from SAFETEA-LU revenues, 
although not all of these funds go to highways.  The other principle source is the State’s 
Highway User Revenue Fund (HURF).  The principal source of inflow to this fund is the gas 
tax, followed by the vehicle license tax, user fuel taxes on diesel, motor carrier fees and 
others.  Article 9§14 of the Arizona Constitution requires that all of these revenues be used 
only for highway and street purposes.  The vehicle license tax is split between local 
governments (55%) and HURF (45%).  Some sources of ADOT revenue are not included in 
Table 18.1.  For example, the Maricopa County Transportation Excise Tax (Prop 400) 
generates about $393 million per year (of which over half goes to freeways); vehicle fees and 
the state’s General Fund also provide revenue. 
 
Several facts are apparent from these and other data.  First, Arizona relies on the motor-fuel 
tax for about 34 % of highway revenues (in 2004).  This is below the U.S. median of 47%.  
The motor-fuel tax is a per-gallon tax, so tax revenues do not increase as the price of gas or 
diesel increases, but rather are likely to fall as these prices increase.  Second, Arizona has 
been innovative in generating money for capital in the past. For example, in the mid-1990s, 
using the State Infrastructure Bank, ADOT developed a Highway Expansion and Extension 
Loan Program (HELP), which worked with a creative financing mechanism called Board 
Funding Obligations. In partnership with local governments, HELP cut seven years off the 
completion date of the Maricopa Freeway system.12  Another creative example is the 
Statewide Transportation Acceleration Needs (STAN) program, which in 2007-2008 
received $307 million to expedite new highway construction in Maricopa and Pima 
Counties.13  Third, highway construction costs rise faster than inflation, which implies 
increasing future cost pressures.  Rising environmental-mitigation costs are likely to 
exacerbate cost pressures.  The AIC study indicates that increasing construction costs may 
lead to complete cessation new infrastructure building within seven years.  Fourth, as the 
population increases, there will be increased demand for roadways and increased delays 
during peak travel hours.  Because of these demand factors, the percentage of road passenger  
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Table 18.1: ADOT Funding Sources and FY 2007  
Actual Revenue (in millions) 

State Sources:  
Highway User Revenue Fund $1,382.5 
Vehicle License Tax $875.7 
Regional Area Road Fund (RARF) & MAG $392.5 (less $8.1 for RPTA) 
Local Transportation Assistance Funds  $39.5 
State Aviation Fund $28.1 
Safety Enforcement and Transportation Infrastructure Fund $3.2 
Federal Sources  
SAFETEA-LU Funds (total Obligation Authority) $637.5 
Other $16.5 
Financing Options  
HURF Bonds $325.0 
RARF Bonds $0.0 
HELP Bonds $14.0 
Grant Anticipation Notes $0.0 
Board Funding Obligations  $0.0 
Transportation Infrastructure Finance and Innovation Act  $0.0 
Source: Arizona Department of Transportation, Funding Sources and Authorities, FY 2007. 
www.azdot.gov/inside_ADOT/fms/PDF/ADOTFUNDING07.pdf. 
 

travel at an acceptable “level of service” (i.e., congestion) is expected to drop from 78 % 
statewide in 2002 to 38 % in 2025, increasing the average delay per trip six-fold.   
 
Although the state has calculated that there will be about $101 billion available for road and 
highway infrastructure for 2008-2032, this projection appears to be based on optimistic 
assumptions.14  For example, the compound growth rate of HURF funds is assumed 5.1%.  
Assumptions about the re-enactment of SAFETEA-LU may be inaccurate.  A national study 
from the Brookings Institution states that the national transportation-financing program is 
fundamentally broken because it distributes funds to states without adequate purpose, 
oversight, or accountability, and without tying the funds to goals.15  The study also argues 
that increasing federal revenues to the states may lead states to use the new federal money for 
funds they otherwise would have to raise for themselves—essentially becoming a state-tax 
relief program. Regardless of these concerns, estimated Arizona revenues for 2008-2032 
would be insufficient to cover the estimated needs of $199-$257 billion. 
  
Challenges 
 
The AIC identifies several challenges confronting the state, all of which have financial 
components.  They project new transportation corridors, new connections to emerging 
population centers, new alternative routes around congestion, additional multi-modal options 
for commuting, and new facilities for commercial vehicles.16  Although the AIC does not 
emphasize maintenance expenditures in this list of challenges, they will become increasingly 
important as the current infrastructure ages. 
 
All of these additions to the transportation system will require new funding sources, since the 
state will be highly constrained in its ability to fund new capital improvements.  Inflation is 
eroding the purchasing power of the 18-cents-per-gallon (cpg) fuel tax, while the improving 
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fuel efficiency of automobiles simultaneously reduces the number of gallons consumed (see 
Ch. 2).  It may be politically difficult to either increase this tax (perhaps by indexing for 
inflation), or to apply the general sales tax to gasoline, from which it is currently excluded. 
(This is done in California.) 
 
Increased federal aid is also unlikely.  The national infrastructure funding-gap may reach 
$134 billion in 2017.  Total revenues are predicted to fall roughly 21% short of the funds 
needed to adequately maintain the existing system, and 35% short of what is needed to 
improve the system.  Since in Arizona, 25 % of all highway revenues and 46 % of highway 
capital investments come from these declining  federal funds, pessimism seems justified.  For 
federal highway projects, the mean length of time it took to get a road from planning stages 
to completion was 13.1 years.17   
 
We must confront four basic questions before examining opportunities to solve them: 
 
1. What are the best ways to evaluate specific transit projects and different funding 
mechanisms in a world of financial constraints?  In a world of unlimited resources, all 
public-transit projects for which the current value of  benefits exceeded the current  costs 
would be implemented.18  We do not live in that world.  When there are limits to public 
funds, it is justifiable to prioritize funding decisions based on the ratio of benefits to costs.  
Arizona does not use this procedure.  It first allocates funds, based on politically negotiated 
percentages, to different levels of government (HURF gets a portion and regional planning 
agencies get a portion).  Then projects are ranked using a complex system of awarding 
points. Transit projects seldom go through a formal economic-evaluation process. 
 
In The Path Forward, 15 different evaluation criteria for funding sources are listed; in the Arizona 
Investment Council report, five criteria are developed (Table 18.2).19  While there is a great deal of 
overlap, there are some subtle differences between the lists.  For example, “sustainability” in the AIC  
 

Table 18.2: Criteria for Evaluating Funding Sources in Two Recent Studies 
Arizona Investment Council 
Criteria 

National Surface Transportation Infrastructure Financing 
Commission Criteria 

Growth Pays for Itself Revenue Potential 
Mechanism Efficiency Sustainability 
Generation of Funds Political Viability 
Sustainability of Funding Mechanism Promotes Safe and Effective System Operations/Management 
Local Economy Effects Ease of Compliance 
 Ease/Cost of Administration 
 Level of Government 
 Promotes Efficient Use 
 Promotes Efficient Investment 
 Ease/Cost of Implementation 
 Addresses Externalities 
 Minimizes Distortions 
 Promotes Spatial Equity 
 Promotes Social Equity 
 Promotes Generational Equity 
Sources:  Arizona Investment Council (2008); Interim Report of the National Surface Transportation 
Infrastructure Financing Commission (2008). 
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report refers to the level of security of the funding source; “sustainability” in the Path Forward refers to 
the how easily the source can be adjusted to meet needs.  A close examination and ultimately an 
explicit prioritization of a set of criteria to evaluate funding mechanisms would facilitate 
decision-making in the future.  
 
2.  What does efficiency mean and how important is it?  Financial efficiency has multiple 
dimensions.  First, financing mechanisms should be designed to maximize economic 
benefits.  This means encouraging the use of financing tools, such as tolls and congestion 
charges, to help discover what citizens want in terms of size, placement, and investment 
timing.  These pricing mechanisms would encourage citizens to demand a level of service 
that reflects an efficient level of resource allocation.  This service level would include not 
only new capital construction but also operating practices of existing facilities so that service 
would be provided to those who value the service more highly than the costs of producing 
it.20  Efficiency is also concerned with cross-generational resource allocation.  For example, 
pay-as-you-go financing saves future generations money, and maintains government’s credit 
capability.  Debt financing, on the other hand, allows faster construction (with generates a 
higher current value of benefits since benefits are recognized earlier in the life cycle), and 
spreads the financing of the benefits to future generations who will enjoy them.21  Efficiency 
also relates to aligning the responsibilities of federal, state, and local governments so that the 
lowest level of government  representing the parties who directly benefit from a 
transportation facility takes responsibility for funding and providing that facility.22  Thus, the 
case for federal support is strongest for public goods that accrue to broad geographic areas or 
the nation as a whole, such as interstate highways.  However, federal grants to state and local 
governments do not always serve their intended purposes.  In response to federal highway 
grants, states have offset roughly one-half of the increases by reducing their own funding. 
This rate of substitution seems to have increased during the 1990s.23 
 
3. Who are the beneficiaries of transportation infrastructure and who should pay for it?  
There are at least two groups of people who should pay for surface-transportation 
infrastructure: the people who use it and the general populace, who receive “public-good” 
benefits from infrastructure.  Both pay in the current system through different financing 
mechanisms; however, the linkages between those paying for the infrastructure and the 
beneficiaries of the infrastructure are indirect and unclear. 
 
Payment by users is the most common form of highway finance.  Arizona charges an excise 
tax on gasoline and diesel fuel, and vehicle licensing fees to generate these revenues.  
Underlying this approach is the assumption that people who drive more should pay more 
(through gas taxes) for road construction and maintenance, and for the external costs of 
driving borne by society as a whole (e.g., air pollution).  The state vehicle-fuel tax has not 
been increased since 1991, and with improved fuel economy and the increased price of 
gasoline, it is unlikely that large increases in revenues will occur without increasing the tax 
per gallon.  To send the correct economic “signals” to consumers and firms, an efficient level 
of pricing should equate the price of use with the full marginal cost of use.  This clearly does 
not occur. While a straight fuel tax does make users pay for some of the costs of driving, it 
also misses many costs.  For instance, for trucks, the marginal cost should relate to the 
marginal road damage imposed by the truck, which is related to total weight per axle, not 
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total weight (which drives fuel consumption).24  The costs of congestion and environmental 
damage caused by increased driving are usually ignored in the tax-setting process.25,26   
 
The second group that benefits from transportation infrastructure is the general public. 
Because of the positive economic-development effects that a good transportation system 
generates, even non-users of the system benefit.  Nationally, public investments have been 
show to stimulate economic growth.27  All residents share the benefits of this growth, and 
thus all should pay for a portion of this infrastructure.  This does happen at the national level, 
because SAFETEA-LU is financed by nationally collected gasoline taxes and general federal 
revenues.  In Arizona, HURF is financed entirely by transportation users, rather than by the 
general public. Even people who walk to work receive benefits from the economic 
development and transportation cost-savings generated by new infrastructure (reflected in 
their salaries and the goods and services they consume); thus, they should contribute some 
tax revenues to these projects.  Several counties implement this idea by using a one-half cent 
sales taxes to finance transportation, though the right balance between user fees and sales tax 
is not addressed directly and openly in debate.  
 
4.  How do we address equity concerns?  We cannot ignore the possibility that the less 
wealthy bear a larger tax burden under certain types of financing mechanisms.  It is difficult 
to determine the extent to which this occurs.  It is often argued that sales taxes are regressive, 
meaning that low-income households pay a larger share of their income for sales tax; thus, 
the financing of much of Arizona’s existing transportation infrastructure is probably 
regressive.  Furthermore, low-income travelers tend to own older cars with lower gas 
mileage, which means that a gas tax is regressive. Of course, if low-income travelers take 
public transit, which is heavily subsidized, some of these concerns disappear.   
  
Equity also varies geographically (e.g., rural drivers tend to drive longer distances than urban 
drivers, see Ch. 4) and generationally (e.g., leaving debt or decayed infrastructure to our 
children to payback or maintain). HELP funds appear to be used mostly in metropolitan 
areas. There are calls for increasing the use of HELP funds on federal lands.  
 
Equity concerns are also relevant to toll roads and have contributed to the failure of many 
congestion-pricing proposals.  However, actual equity effects can vary considerably from one 
project to another depending on user demographics and program design.  For example, if 
low-income travelers take public transit, they do not have to pay congestion tolls.  Or if low-
income travelers without access to public transit have children in day care, and if congestion 
tolls reduce commute times, then the savings from the shortened commute (lower child-care 
costs) may offset the congestion toll.  It is also possible to address this equity concern by 
dedicating congestion-toll revenue to subsidize mass transit or to provide tax credits based on 
income.28  In any case, equity concerns are important, but the assumption that tolls are 
always inequitable may not be correct.29 
 
Opportunities 
 
The Government Accountabilty Office argues that federal surface-transportation programs 
are not effectively addressing challenges because federal goals and roles are unclear, and 
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many programs lack links to needs or performance.30  Many of the concerns at the federal 
level are similar to those at the state level, and give the state an opportunity to confront them.  
To develop an effective, comprehensive funding system we should re-examine the rationale 
for the politically negotiated percentage distribution of funds, determine criteria for funding 
mass transit (including commuter rail) versus highways, and decide if congestion pricing is a 
legitimate method for determining the optimum level of construction.  
 
We do know that: 1) the current funding system is inadequate over the long term, 2) the weak 
link between driving and taxes does not promote efficient use of the system, and 3) facing 
major problems can force a reexamination of the entire transportation funding system.  The 
last section of this chapter will offer a menu of options that can help solve this problem.  
Some are traditional, and some require a willingness to face political consequences that 
might be uncomfortable.  All can be part of the solution package.       
 
Doing More of What We Do Now—Tax.   
 
Option 1:  Increase the excise taxes on gas and diesel fuels, which have not been increased 
since 1991.  In Arizona, both taxes are currently set at 18 cpg, slightly below the weighted 
national averages of 18.4 and 18.9 cpg for gas and diesel, respectively.31  Excise taxes, 
however, are not the only taxes states levy on fuel.  Arizona’s total tax on gasoline comes to 
19 cpg, compared with a weighted national average of 30 cpg.  For diesel fuel, Arizona’s 28 
cpg is more in line with the national average of 29.4 cpg.  At the very least, fuel taxes should 
be indexed for inflation so that they rise as costs of construction and maintenance rise. 
 
Option 2:  Expand the standard sales tax to gasoline and diesel.  California does this.  It 
would generate a revenue stream that would increase as the price of gas increases.  To the 
extent that this tax is shifted to the consumer, it would also have secondary effects such as 
encouraging a shift to more efficient cars, reducing fuel use and emissions, and slowing 
global warming. 
 
Option 3:  Increase (and in some cases, allow) add-on sales taxes at the local and regional 
level.  The Transportation and Infrastructure Moving Arizona's Economy (TIME) initiative 
would have added a penny to the state sales for 30 years. Maricopa, Pima, and Pinal Counties 
have added half-cent sales taxes.   
 
Doing More of What We Do Now—Debt  
 
Option 4: Continue and expand the use of infrastructure bank loans for segments of surface 
transit.  These banks complement the traditional Federal-Aid highway and transit programs, 
and allow accelerated completion of projects, as well as flexible project financing.  
SAFETEA-LU financing can capitalize these banks.32 
 
Option 5:  Continue to use Grant Anticipation Revenue Vehicles (GARVEE) financing.  
GARVEE funding occurs when the recipient borrows money to advance highway 
construction, with the debt service funded by anticipated receipts of aid from the federal 
government.  Arizona does an admirable job of using available GARVEE funds.   
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Option 6:  Make use of other revenue streams to finance debt service.  In 2007, ADOT 
showed no actual funding from RARF Bonds, Grant Anticipation Notes, Board Refunding 
Obligations, or the Transportation Infrastructure Finance and Innovation Act. 
 
Learning from Others 
 
Option 7:  Implement congestion pricing wherever possible.  Congestion pricing is not a 
new idea.  Many governments, in the United States and abroad, have experimented with and 
implemented congestion-sensitive toll systems to reduce peak-hour traffic on intercity 
highways.  These systems can allocate road space efficiently, reduce peak-hour congestion 
by spreading traffic to off-peak times, produce additional revenues for transportation 
improvements, and reduce emissions.33 The Congressional Budget Office argues that the 
demand for spending on highways (at the national level) could be reduced by as much as $20 
billion annually if congestion pricing were implemented to encourage efficient use of 
existing infrastructure.34 The FHWA suggests that this is the same amount as the annual 
appropriation needed to keep transportation services at current levels.   
 
Option 8:  Adopt other types of more narrowly defined congestion charges.  First, “High 
Occupancy Toll” (HOT) lanes can be established, in which drivers can choose a HOT lane 
and pay a charge for that use, while carpoolers and bus riders can use the lanes for free or at a 
reduced cost.  This saves travel time, and drivers would decide whether the time spent in 
congestion on the “free” lanes would offset the charge for using the HOT lane.  Transceivers 
mounted on cars would automatically activate as the car made the lane choice.  Two 
California highways use these.  The charge can be easily changed according to time of day or 
amount of congestion.  A second type of charge, which is local, is a cordon charge on all 
vehicles entering the congested central zone.  It has been used successfully in London, but 
was recently rejected by the New York State Legislature, preventing New York City from 
adopting it;  New York may revisit the issue in light of growing fiscal problems.  In addition 
to raising funds from the users who contribute most to congestion, the cordon charge would 
have the indirect effects of reducing the need for new highway construction and encouraging 
transit use.  Of course, for cities that want to stimulate activity in their core, the cordon 
charge would work against that.  A third type of congestion charge is based on VMT using 
GPS.  Once some of the technical problems with GPS are worked out, it becomes feasible to 
charge cars based on how many miles they have been driven. 
 
Option 9:  Use tolls for financing maintenance and new construction.  Tolls for road 
maintenance and construction are relatively common along parts of the interstate highway 
system in many of the eastern states, and bridge tolls are common throughout the United 
States.  However, trip length often determines the toll amount, rather than congestion and 
time of day.  Tolls are often politically difficult to increase, so rates would have to be 
carefully set, in conjunction with congestion mitigation.35  
 
Option 10:  Impose land (parcel) taxes for benefits.  Landowners often see an increase in the 
value of their land when new highways reduce the time to get to their property.36  It is 
equitable to have these beneficiaries pay for at least a portion of the construction costs 
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through a tax on the increase in land value.  A land tax is not only progressive but has the 
fewest economic distortions of any major tax.  Note that this is not a form of tax increment 
financing—the focus is only on land, and the boundaries would be drawn with respect to new 
infrastructure construction.  Legally, a land tax is a special assessment, and property owners 
would have a right to a hearing. Politically, of course, this may be a non-starter in the short 
term, although as its use increases in other places, it may gain some support in Arizona.37 
 
Option 11:  Involve the private sector through Public-Private Partnerships (PPPs or P3), 
whereby the private sector may finance, construct, manage, or even operate specific 
infrastructure, such as a freeway under contract and oversight from a local public agency.  
There is a wide variety of PPP arrangements for roadways. At least 22 states have formal 
legislation that allows some form of PPP.  PPPs are legal in Arizona for county and private 
toll roads.38  Common motivations for using infrastructure PPPs are public budget 
constraints, large upfront proceeds, greater flexibility for using the proceeds, technology 
transfer, and a transfer of risk to the private sector (assuming appropriate monitoring, strict 
accountability for service, financial performance, and transparent accounting).  PPPs are 
increasing in the United States; for example, Indiana has leased its portion of I-90 under a 
75-year agreement and received an upfront $3.85 billion payment.  Chicago leased its 
Chicago Skyway for $1.82 billion, and its Pocahontas Parkway for $661 million.  Chicago 
used these funds to reduce debt, establish a $500 million “rainy day” fund, allocate $375 
million to the annual operating budget, and fund several social-service programs.39 
 
Option 12:  Establish a “Blue Ribbon” Commission focused solely on transportation finance.  
Unlike earlier Blue-Ribbon Tax Reform Commissions, which covered a broad set of issues, 
there may now be a need for a more narrowly focused Commission concerned solely with 
transportation finance.  Such a commission could focus first on planning needs, and then, 
choosing from the menu above, recommend the mix (including choice and amount) of 
potential new funding sources. 
 
List of Abbreviations Used  
 

ADOT  
 

Arizona Department of 
Transportation 

MPO Metropolitan Planning 
Organization 

AIC Arizona Investment Council 
 

NACOG Northern Arizona Council of 
Governments 

ASCE American Society of Civil 
Engineers 

PAG Pima Association of 
Governments 

cpg Cents per gallon PPP Public-Private Partnerships 
GARVEE Grant Anticipation Revenue 

Vehicles 
RARF Regional Area Road Fund 

Bonds 
HELP Highway Expansion and 

Extension Loan Program 
 

SAFETEA-LU Safe, Accountable, Flexible, 
Efficient, Transportation Equity 
Act: A Legacy for Users 

HOT High Occupancy Travel STAN Statewide Transportation 
Acceleration Needs 

HURF Highway User Revenue Fund STIP State Transportation 
Improvement Program 

MAG Maricopa Association of 
Governments 

VMT Vehicle-Miles Traveled 
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