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About ULI

The mission of the Urban Land Institute is to provide leadershigeinesponsible use of land
and in creating and sustaining thriving communities worldwide. Utbimsmitted to

¥ Bringing together leaders from across the fields of real emtatéand use policy to
exchange best practices and serve community needs;

¥ Fostering collaboration within and beyond ULIOs membership through mentoring,
dialogue, and problem solving;

¥ Exploring issues of urbanization, conservation, regeneration, land pgea| t@mation,
and sustainable development;

¥ Advancing land use policies and design practices that respect the ungjoiebeth built
and natural environments;

¥ Sharing knowledge through education, applied research, publishing, and electronic
media; and

¥ Sustaining a diverse global network of local practice and advisastethat address
current and future challenges.

Established in 1936, the Institute today has some 38,000 members in coemn@ies,
representing the entire spectrum of the land use and developmentmiscipliL] relies heavily
on the experience of its members. It is through member involvememfanaation resources
that ULI has been able to set standards of excellence in deveibpraetice. The Institute has
long been recognized as one of the worldOs most respected and widelpouiatesi of
objective information on urban planning, growth, and development.
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Executive Summary

The phrase Oyou canOt get there from hereO has a new applationate stabilization, a
commonly accepted target would require the United States to carlitsn dioxide (Cg)
emissions by 60 to 80 percent as of 2050, relative to 1990 levels. Carbaledewels have
been increasing rapidly since 1990, and so would have to level off amiedaatn more rapidly
to reach this target level by 2050. This publication demonstratethéhbk S. transportation
sector cannot do its fair share to meet this target through eendi fuel technology alone. We
have to find a way to sharply reduce the growth in vehicle milesmacross the nationOs
sprawling urban areas, reversing trends that go back decades.

This publication is based on an exhaustive review of existing reseattle relationship

between urban development, travel, and the €fitted by motor vehicles. It provides evidence
on and insights into how much transportation-related $28ings can be expected with compact
development, how compact development is likely to be received by consamershat policy
changes will make compact development possible. Several relstied &re not fully examined
in this publication. These include the energy savings from moréeeifiouilding types, the

value of preserved forests as carbon sinks, and the effectiveressng strategiesNsuch as
tolls, parking charges, and mileage-based feesNwhen used in conjunctivoonipact
development and expanded transportation alternatives.

The term Ocompact developmentO does not imply high-rise or even ynifigtmdensity, but
rather higher average OblendedO densities. Compact developmentuals® deaix of land
uses, development of strong population and employment centers, intercmnoéstreets, and
the design of structures and spaces at a human scale.

The Basics

Scientific consensus now exists that greenhouse gas accumulationshdoetoactivities
are contributing to global warming with potentially catastrophic consegsg|IPCC 2007
International and domestic climate policy discussions have gravitatedd the goal of
limiting the temperature increase to 2jC to 3jC by cutting greenhoussngasions by 60
to 80 percent below 1990 levels by the year 2050. The primary greenhouseayasis
dioxide, and every gallon of gasoline burned produces about 20 pounds efiXSions.

Driving Up CO , Emissions

The United States is the largest emitter worldwide of therdreuses gases that cause global
warming. Transportation accounts for a full third of Z&issions in the United States, and that
share is growing as others shrink in comparison, rising from 31 penct®®0 to 33 percent
today It is hard to envision a OsolutionO to the global warmirgtbasidoes not involve

slowing the growth of transportation @@&missions in the United States.
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The Three-Legged Stool Needed to Reduce CO2 from Au  tomobiles

Transportation CO2 reduction can be viewed as a three-legged sthabneileg related to
vehicle fuel efficiency, a second to the carbon content of thetée#fl, and a third to the amount
of driving or vehicle miles traveled (VMT). Energy and climataqyoinitiatives at the federal
and state levels have pinned their hopes almost exclusively on shoringfiugt ttveo legs of the
stool, through the development of more efficient vehicles (sublgtagd cars) and lower-carbon
fuels (such as biodiesel fuel). Yet a stool cannot stand on only ¢&o le

As the research compiled in this publication makes clear, technalagicrovement in vehicles
and fuels are likely to be offset by continuing, robust growth in VBice 1980, the number of
miles Americans drive has grown three times faster than tBeddpulation, and almost twice as
fast as vehicle registrations (see Figure 0-1). Average autonoobimute times in metropolitan
areas have risen steadily over the decades, and many Americasgarmaumore time
commuting than they do vacationing.

Figure 0-1 Growth of VMT, Vehicle Registrations, and Populabn in the United States
relative to 1980 Values
Source: FHWA 2005.

\— VMT — Vehicles — Population

25 -
2
=
n 15
o
[ee] — |
)]
)
x 1
©
£
0.5
O\\\\\\\\\\\\\\\\\\\\\\\\
O N ox O O H P> P
D XL P O O L O O
SRS S A - - N S O S

This raises some questions, which this report addresses. Whydtoverso much? Why is the
total distance we drive growing so rapidly? And what can be doneetdtak trend in a manner
that is effective, fair, and economically acceptable?

The growth in driving is due in large part to urban development, orsanag refer to as the
built environment. Americans drive so much because we have given oargtiwalternative.
For 60 years, we have built homes ever farther from workplacested schools that are
inaccessible except by motor vehicle, and isolated other destinatiooblés shoppingNfrom
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work and home. From World War Il until very recently, nearly all mievelopment has been
planned and built on the assumption that people will use cars virtwalty time they travel. As
a larger and larger share of our built environment has become aul®hependent, car trips
and distances have increased, and walking and public transit use hHawedd@&opulation
growth has been responsible for only a quarter of the increase in veilededriven over the
last couple of decades. A larger share of the increase ceacbd to the effects of a changing
urban environment, namely to longer trips and people driving alone.

As with driving, land is being consumed for development at a natesalthree times faster than
population growth. This expansive development has cause@@iSsions from cars to rise even
as it has reduced the amount of forest land available to abserb CO

How Growth in Driving Cancels Out Improved Vehicle Fuel Economy

Carbon dioxide is more difficult to control through vehicle technology thawca@nventional air
pollutants. Conventional pollutants can be reduced in automobile exhausbpitisticated
emission control systems (catalytic converters, on-board companersxygen sensors).
Carbon dioxide, meanwhile, is a direct outcome of burning fossil finelge is no practical way
to remove or capture it from moving vehicles. At this point in tithe only way to reduce GO
emissions from vehicles is to burn less gasoline and diesel fuel.

An analysis by Steve Winkelman of the Center for Clean Air Pabiog,of the coauthors of this
publication, finds that C@emissions will continue to rise, despite technological advancése as
growth in driving overwhelms planned improvements in vehicle efficiamclfuel carbon
content. The U.S. Department of EnergyOs Energy Information Attatiois (EIA) forecasts
that driving will increase 59 percent between 2005 and 2030 (red leeHi-2), outpacing the
projected 23 percent increase in population. The EIA also forecsttvaide fuel economy
improvement of 12 percent within this time frame, primarily essalt of new federal fuel
economy standards for light trucks (green line, Figure 0-2). Desjstartprovement in
efficiency, CQ emissions would grow by 41 percent (dark blue line, Figure 0-2).

Figure 0-2 Projected Growth in CQ, Emissions from Cars and Light Trucks
Source: EIA 2007.
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U.S. fuel economy has been flat for almost 15 years, as thardpiral of car weight and
power has offset the more efficient technology. Federal @tel afforts are underway to
considerably boost vehicle efficiency and reduce greenhouse gas emissibmse 2007, the
U.S. Senate passed corporate average fuel economy (CAFE) stahdawdsuld increase new
passenger vehicle fuel economy from the current 25 miles per galpmy) (0 35 mpg by 2020.
(As of this writing, the House has not acted.). California plamsplement a low carbon
standard for transportation fuels, specifically a 10 percent reduictifuel carbon content by
2020.

Even if these more stringent standards for vehicles and fueldavgoento effect nationwide,
transportation-related emissions would still far exceed targelsléor stabilizing the global
climate (see Figure 0-3). The rapid increase in driving wouldawem both the increase in
vehicle fuel economy (green line) and the lower carbon fuel content édurg). In 2030, C®
emissions would be 12 percatiovethe 2005 level, and 40 percent above the 1990 level
(turquoise line). For climate stabilization, the United Statast bring the C&level to 15 to 30
percentelow1990 levels by 2020 to keep in play a£€duction of 60 to 80 percent by 2050.

Figure 0-3 Projected Growth in CQ, Emissions from Cars and Light Trucks Assuming
Stringent Nationwide Vehicle and Fuel Standards*
Source: EIA 2007
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As the projections show, the United States cannot achieve suchddrgtions in
transportation-related G@missions without sharply reducing the growth in miles driven.

Changing Development Patterns to Slow Global Warmin g

Recognizing the unsustainable growth in driving, the American Associatidtatef Highway
and Transportation Officials (AASHTO), representing state iiey@snts of transportation, is
urging that the growth of vehicle miles driven be cut in half. How dag®wing countryNone
with 300 million residents and another 100 million on the way by mid-ogkislow the growth
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of vehicle miles driven? Aggressive measures certainly ar&abigiincluding imposing ever
stiffer fees and taxes on driving and parking or establishing no-drive porkays. Some
countries are experimenting with such measures. However, mang gotimtry would view
such steps as punitive, given the reality that most Americans doveoahéable alternative to
driving. The body of research surveyed here shows that much of tle vet@cle emissions can
be curbed simply by growing in a way that will make it easieAfoericans to drive less. In
fact, the weight of the evidence shows that, with more compactogeneht, people drive 20 to
40 percent less, at minimal or reduced cost, while reaping aslal &nd health benefits.

How Compact Development Helps Reduce the Need to Dr  ive

Better community planning and more compact development help people tine walking or
bicycling distance of some of the destinations they need to get todasdiyvork, shops,

schools, and parks, as well as transit stops. If they choose &ocasgetrips are short. Rather than
building single-use subdivisions or office parks, communities can plan maseedevelopments
that put housing within reach of these other destinations. The isétee&irk can be designed to
interconnect, rather than end in culs-de-sac and funnel traffiowetased arterial roads.
Individual streets can be designed to be Ocomplete,O with satmeenient places to walk,
bicycle, and wait for the bus. Finally, by building more homes as condamsntownhouses, or
detached houses on smaller lots, and by building offices, storestemdlestinations OupO rather
than Oout,O communities can shorten distances between destinatiomakesineighborhood
stores more economically viable, allows more frequent and converaasit tservice, and helps
shorten car trips.

Figure 0-4 Destinations within One-Quarter Mile of Cener for Contrasting Street
Networks in Seattle
Source: Moudon et al. 1997

15



This type of development has seen a resurgence in recent years, abgt g@ny names,
including Owalkable communities,O Onew urbanist neighborhoods,O andfkraedit-
developmentsO (TODs). OInfill® and ObrownfieldO developments pulaisiirsetban areas to
new uses, taking advantage of existing nearby destinations and infrastr@zme Olifestyle
centersO are now replacing single-use shopping malls with open-air shmppomnected
streets with housing and office space as part of the new develogmdmhany communities
have rediscovered and revitalized their traditional town centers andtawems, often adding
more housing to the mix. These varied development types are collectiferred to in this
publication as Ocompact developmentO or Osmart growth.O

How We Know that Compact Development Will Make a Di  fference: The Evidence

As these forms of development have become more common, planning reseanche
practitioners have documented that residents of compact, mixedausit-served communities
do less driving. Studies have looked at the issue from varying angleslinggl

¥ research that compares overall travel patterns among regions ghbdarebods of
varying compactness and auto orientation;

¥ studies that follow the travel behavior of individual households in varidtisgse and

¥ models that simulate and compare the effects on travel ofatiffeuture development
scenarios at the regional and project levels.

Regardless of the approach, researchers have found significant pdoertahpact
development to reduce the miles that residents drive.

A comprehensive sprawl index developed by coauthor Reid Exfithg National Center for
Smart Growth at the University of Maryland ranked 83 of the largestopolitan areas in the
United States by their degree of sprawl, measuring densitypfitaxd uses, strength of activity
centers, and connectedness of the street network (Ewing, Pendallhan 2002, 2003). Even
accounting for income and other socioeconomic differences, residentdairtess in the more
compact regions. In highly sprawling Atlanta, vehicles racked up ¥méch day for every
person living in the region. Toward the other end of the scalerttaRd, Oregon, vehicles were
driven fewer than 24 miles per person, per day.
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Figure 0-5 Average Daily Vehicle Miles Traveled
Source: Ewing, Pendall, and Chen 2002, p. 18.
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This relationship holds up in studies that focus on the travel habitdieidual households

while measuring the environment surrounding their homes and/or workpldeeknk between
urban development patterns and individual or household travel has beconustheavily
researched subject in urban planning, with more than 100 rigorous @hgitidies completed.
These studies have been able to control for factors such as socioecstaius, and can account
for the fact that higher-income households tend to make more and lopgeh#m lower-income
families.

One of the most comprehensive studies, conducted in King County, Washingt@mr\blrank
of the University of British Columbia, found that residents of tlustvalkable neighborhoods
drive 26 percent fewer miles per day than those living in the rposivBng areas. A meta-
analysis of many of these types of studies finds that households livilegefopments with
twice the density, diversity of uses, accessible destinationsni@ndonnected streets when
compared to low-density sprawl drive about 33 percent less.

Many studies have been conducted by or in partnership with public healinatesrs interested
in how the built environment can be better designed to encourage dailygblagsicity. These
studies show that residents of communities designed to be walkabldrivetfewer miles and
also take more trips by foot and bicycle, which improves individuatihealrecent literature
review found that 17 of 20 studies, all dating from 2002 or later, éstadlished statistically
significant relationships between some aspect of the built envirdrand the risk of obesity.

Two other types of studies also find relationships between developnttmhpand driving:
simulations that project the effect of various growth options faresrdggions and simulations
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that predict the impact of individual development projects when sitedesigned in different
ways. In regional growth simulations, planners compare the effecinetropolitan-wide
business-as-usual scenario with more compact growth options. CoauitmoB&eholomew of
the University of Utah analyzed 23 of these studies and found that dosopaarios averaged 8
percent fewer total miles driven than business-as-usual onbsa wiaximum reduction of 31.7
percent (Bartholomew 2005, 2007). The better-performing scenarioghvesewith higher
degrees of land use mixing, infill development, and population densityelbas a larger
amount of expected growth. The travel models used in these studieshs@igected to
underestimate the impacts of site design, since most only crumbelyrd for travel within
neighborhoods and disregard walk and bike trips entirely.

Of the project-level studies, one of the best known evaluated greeiraf building a very dense,
mixed-use development at an abandoned steel mill site in the hédldrh versus spreading
the equivalent amount of commercial space and number of housing uhispretailing
patterns at three suburban locations. Analysis using transportation randafsced by coauthor
Jerry Walters of Fehr & Peers Associates (Walters, Eveind,Allen 2000), and supplemented
by the EPAOs Smart Growth Index (to capture the effects dsign) found that the infill
location would generate about 35 percent less driving and emissions tltamiberison sites.
The results were so compelling that the development was deemaaxottation control
measure by the federal government for the purpose of helping to impraegiteds air quality.
The Atlantic Station project has become a highly successful ofusatral city industrial land.

Atlantic Station today.
Jacoby Development Company
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What Smart Growth Would Look Like

How would this new focus on compact development change U.S. communites?bre
developments would look like the transiiented developments and new urbanist
neighborhoods already going up in almost every city in the country, and the&mpdems
would start filling in vacant lots or failing strip shopping centersnvould revitalize older
town centers, rather than replacing forests or farmland. Moslogewrents would no longe
be singleuse subdivisions or office parks, but would mix shops, schools, andsoffice
together with homes. They might feature grodindr stores and offices with living space
above, or townhomes within walking distance of a retail center. Mostlopments would
be built to connect seamlegsiith the external street network.

The density increases required to achieve the changes proposegubtitation would be
moderate. NelsonOs work shows that the average density of raki®rglopment in U.S
urban areas was about 7.6 units per acre in 2003. His predictiamitinfsnarket demanc
indicate that all housing growth to 2025 could be accommodated by building
condominiums, apartments, townhomes, and detached houses on small lets, whi
maintaining the current stock of houses onddajs. Under this scenario, while new
developments would average a density of 13 units per acre, the averagealens
metropolitan areas overall would rise modestly, to about nine unitcperMuch of the
change would result from stopping the spragldevelopment that has resulted in falling
densities in many metropolitan areas.

Several publications provide a glimpse of what this future might ikeklimages of
compact development are availabl@ims is Smart GrowtfiSmart Growth Network 2006
andVisualizing Densit§Lincoln Institute of Land Policy 2007).

The Potential of Smart Growth

The potential of smart growth to curb the rise in greenhousengiasiens will, of course, be
limited by the amount of new development and redevelopment that takesopkr the next few
decades, and by the share of it that is compact in nature. Hesns £ be little question that a
great deal of new building will take place as the U.S. populatiowgytoward 400 million.
According to the best available analysis, by Chris Nelson of Virgiecn, 89 million new or
replaced homesNand 190 billion square feet of new offices, institutgtoges, and other
nonresidential buildingsNwill be constructed through 2050. If that is so;thirds of the
development on the ground in 2050 will be built between now and then. Pursarigysoavth

is a low-cost climate change strategy, because it involvesghifivestments that have to be
made anyway.

Smart Growth Meets Growing Market Demand for Choice

There is no doubt that moving away from a fossil fuelbbased econonmgquilie many
difficult changes. Fortunately, smart growth is a change that iargyicans will embrace.
Evidence abounds that Americans are demanding more choices in whaatiey liveNand
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that changing demographics will accelerate that demand.

While prevailing zoning and development practices typically make spiguavelopment easier
to build, developers who make the effort to create compact comesiarg encountering a
responsive public. In 2003, for the first time in the countryOs hitttergales prices per square
foot for attached housingNthat is, condominiums and townhousesNwas higher thaof tha
detached housing units. The real estate analysis firm Robert £€hadger & Co. has conducted
a dozen consumer preference surveys in suburban and urban Iddati@ngariety of builders

to help them develop new projects. The surveys have found that in eveigioexamined,
about one-third of respondents prefer smart growth housing products and cdaesnQxiter
studies by the National Association of Homebuilders, the Nationalckd®on of Realtors, the
Fannie Mae Foundation, high-production builders, and other researchehamrated these
resultsNsome estimating even greater demand for smart growth housithgeps. When smart
growth also offers shorter commutes, it appeals to another onefqfatte market, because
many people are willing to trade lot or house size for shorter coasmut

Because the demand is greater than the current supply, the pragupee foot values of houses
in mixed-use neighborhoods show price premiums ranging from 40 to 100 peocepéred to
houses in nearby single-use subdivisions, according to a study by Chris gemifethe
Brookings Institution.

This market demand is only expected to grow over the next severdiedeeaa the share of
households with children shrinks and those made up of older Americanswgitbwise retiring

of baby boomers. Households without children will account for close tor@éngeof new
housing demand, and single-person households will account for a one-thih Nielgects that
the demand for attached and small-lot housing will exceed the cunpgaily $©y 35 million units
(71 percent), while the demand for large-lot housing will actualle&gthan the current supply.

! These locations include Albuquerque, Atlanta, BpBharlotte, Chattanooga, Denver, Orlando, Pho@&hixvo,
Savannah, and Tampa.
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Figure 0-6 2003 Housing Supply versus 2025 Housing Demand
Source: Nelson 2006.
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When viewed in total, the evidence on land use and driving shows thpacbdevelopment
will reduce the need to drive between 20 and 40 percent, as comptre@velopment on the
outer suburban edge with isolated homes, workplaces, and other dessintis realistic to
assume a 30 percent cut in VMT with compact development.

Making reasonable assumptions about growth rates, the market shanepaict development,
and the relationship between g€@duction and VMT reduction, smart growth could, by itself,
reduce total transportation-related £#nissions from current trends by 7 to 10 percent as of
2050. This reduction is achievable with land-use changes alone. It doesludé additional
reductions from complementary measures, such as higher fuel priceardon taxes, peak-
period road tolls, pay-as-you drive insurance, paid parking, and othaepalesigned to make
drivers pay more of the full social costs of auto use.

This estimate also does not include the energy saved in buildingsomitact development, or
the CQ-absorbing capacity of forests preserved by compact development. Whheetaal
savings, it is important to remember that land use changes propeenanent climate benefit
that would compound over time. The second 50 years of smart growth wodldbdhe base
reduction from the first 50 years, and so on into the future. Mameediate strategies, such as
gas tax increases, do not have this degree of permanence.

The authors calculate that shifting 60 percent of new growth to acirpatierns would save 85
million metric tons of C@annually by 2030. The savings over that period equate to a 28 percent
increase in federal vehicle efficiency standards by 2020 (to 32 nggjacable to proposals

now being debated in Congress. It would be as if the fleetwidresity for new vehicles had

risen to 32 mpg by 2020. Every resident of a compact neighborhood would provide the
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environmental benefit expected from, say, driving one of todayOsereffigibrid cars. That
effect would be compounded, of course, if that person also drove sudicemietar whenever
he or she chose to make a vehicle trip. Smart growth would becom@anant Othird legO in
the transportation sectorOs fight against global warming, along orighefificient vehicles and
lower-carbon fuels.

A Climate-Sparing Strategy with Multiple Payoffs

Addressing climate change through smart growth is an attractivegstiaecause, in addition to
being in line with market demand, compact development provides many otlegitdand will
cost the economy little or nothing. Research has documented that calepelopment helps
preserve farmland and open space, protect water quality, and inty@aie by providing more
opportunities for physical activity.

Studies also have confirmed that compact development saves taxpayess particularly by
reducing the costs of infrastructure such as roads and water asdlises. For example, the
Envision Utah scenario planning process resulted in the selectiacoof@act growth plan that
will save the region about $4.5 billion in infrastructure spending oeentinuation of sprawling
development.

Finally, unlike hydrogen-fueled vehicles and cellulosic ethanol, which lged attention in the
climate-change debate, the OtechnologyO of compact, walkable consnedistietoday, as it
has in one form or another for thousands of years. We can begin usirgglimslogy in the
service of a cooler planet right now.

Policy Recommendations

In most metropolitan areas, compact development faces an uneven pilalginigacal land
development codes encourage auto-oriented development. Public spending supports
development at the metropolitan fringe more than in already develogesl aransportation
policies remain focused on accommodating the automobile rather thanratilies.

The key to substantial GHG reductions is to get all policies, figndhcentives, practices, rules,
codes, and regulations pointing in the same direction to creatgliheonditions for smart
growth. Innovative policies often are in direct conflict with the comie@al paradigm that
produces sprawl and automobile dependence.

The specifics policy recommendations can be found in Chapter 7.
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1. Introduction

The phrase Oyou canOt get there from hereO has a new apflfeatibrited States cannot
achieve a 60 to 80 percent reduction in carbon dioxide)(@@issions by 2050 relative to 1990
levelsNa commonly accepted target for climate stabilizationNuntésstransportation sector
contributes, and the transportation sector cannot do its fair $imatgh vehicle and fuel
technology alone. We have to sharply reduce the growth of vehicular aesk the nationOs
sprawling urban areas, reversing trends that go back decades.

With regard to urban development and travel demand management, thiajparblasks and
answers three critical questions facing the urban planning profedstddand development
community, and federal, state, and local policy makers:

¥ What reduction in vehicle miles traveled (VMT) is possible inUinged States with
compact development rather than continuing urban sprawl!?

¥ What reduction in C@emissions will accompany such a reduction in VMT?

¥ What policy changes will be required to shift the dominant land develugragern
from sprawl to compact development?

1.1 Background

The transportation sector accounts for 28 percent of total greenyEaI$@HG) emissions in the
United States and 33 percent of the nationOs energy-relatechi3€ions (EIA 2006, p. xvi;

EIA 2007a, p. 15). The United States, in turn, is responsiblgXqrercent of C@emissions
worldwide and close to a quarter of worldwide GHG emissions (EIA 2q0A8). It is hard to
envision a OsolutionO to the global warming crisis that does not isiaieg the growth of
transportation C@emissions in the United States

The transportation sectorOs,@missions are a function of vehicle fuel efficiency, fuel carbon
content, and VMT, factors sometimes referred to as a Gdyged stool.O Energy and climate
policy initiatives at the federal and state levels have focuseasaexclusively on technological
advances in vehicles and fuels, the first two legs. Yet, thergrowing recognition that
managing VMT has to be part of the solution, that the third legeidatketo support the stool.

In A Call for Action the U.S. Climate Action Partnership (USCAP)Nwhich is mageof major
U.S. corporations and environmental groupsNincludes promoting Obetter glamtingO
(USCAP 2007). The United Nations Intergovernmental Panel on Clinfreztlegé (IPCC 2007c,
p. 20) lists Qinfluenc[ing] mobility needs through land use regulatiorisfaastructure
plannlngO among policies and measures shown to be effective in con@dlidgmissions.O
CaliforniaOs Climate Action Team (2007) expects Osmart landdiggelligent transportationO
to make the second-largest contribution toward meeting the statblisus GHG reduction
goals.
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The architects of the principal GHG stabilization frameworkbamgking on major changes in
urban development and travel patterns. OThe task of holding globabemissistant would be
out of reach, were it not for the fact that all the driving ayitdl in 2056 will be in vehicles not
yet designed, most of the buildings that will be around then are nbtijethe locations of
many of the communities that will contain these buildings and detetiriranhabitantsO
commuting patterns have not yet been chosen . . .O (Socolow and Padala 2006

Alternative futures, circa 2056.
© Scientific American (Socolow and Pacala 2006)

A recent report by the U.S. Environmental Protection Agency (EiRé3: OBy themselves,
individual approaches incorporating vehicle technologies, fuels, optteaason demand
management (TDM) approaches could moderately reduce, but not féattessjons from now
until 2050. Most of the system approaches analyzed, by contrast, couldarly flatten the
entire U.S. transportation sector emissions, despite the passehgee category representing
only half of the sectorOs emissionsO (Mui et al. 2007). In aihds,all three legs of the policy
stool will be required to flatten transportation £#nission levels.

1.2 The Nature of Compact Development

This publication makes the case for compact developmentNor its afizart growthNrather
than continued urban sprawl. It does so in the context of global clohatge.
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The term Ocompact developmentO does not imply high-rise or even ynifigimdensity
development. A discussion of alternatives to urban sprawl alwaysss® gravitate toward
high-density development, and leads to fears that more compact develophesult in the
OManhattanizationO of America. That is not what this book is about.

According to data provided by Chris Nelson of Virginia Tech, the blendehge density of
residential development in the United States in 2003 was about &anitet acre (see Figure
1-1). This estimate includes apartments, condominiums, and townhasisesl] as detached
single-family housing on both small and large lots. A net aae &cre of developed land, not
including streets, school sites, parks, and other undevelopable land.

Because of changing demographics and lifestyle preferences, Nelsarspaogggnificant
change in market demand by 2025. The mix of housing stock required tthisetmand
would have a blended density of approximately nine units per net acre. tlBe/excess of
large-lot housing already on the ground relative to 2025 demand, all nébaeimg built
between now and then would have to be attached or small-lot detaclethanihcluding
replacement of large-lot housing). The density of new and redeveloped hawusiligaverage
about 13 units per net acre, 75 percent above 2003 average blended dersiya Tyacal
density for a townhouse development. Apartments and condos boost the avhailegengle-
family detached housing lowers it.

Figure 1-1 Projections of Housing Demand and Density in 2025
Source: Nelson 2006.

Density 2003
(Units per Net| Units (in | 2025 Units | Difference (in
Acre) 1,000s) (in 1,000s) | 1,000s)
Attached 20 27,000 44,000 17,000
Small-lot detached 7 22,000 40,000 18,0
Large-lot detached 2 57,000 56,000 -1,000
Average blended
density (per net acre) 7.6 9.1 13.3

The role of density, however, should not be overemphasized. As importensaty is, it is no
more fundamental to compact development than are the mixing of landhesdsyelopment of
strong population and employment centers, the interconnection of stretbe design of
structures and spaces at a human scale (see Figure 1-2). bhegegact development are
available inThis is Smart GrowtfiSmart Growth Network 2006) andsualizing Density
(Lincoln Institute of Land Policy 2007).
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Figure 1-2 Nature of Compact Development versus Sprawl
Sources: Ewing 1997; Ewing, Pendall, and Chen 2002.
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1.3 The High Costs of Urban Sprawl and Automobile D  ependence

In 1997, theJournal of the American Planning Associati@d@PA) carried a pair of articles on
the merits of urban sprawl versus compact development (Gordon andd2amma®97; Ewing
1997). The authors debated the characteristics, causes, anof apstsvl, and briefly discussed
cures. Gordon and RichardsonOs lead articleNtitled OAre Compastadesirable Planning
Goal?ONargued that U.S. real estate markets are producingavisateers want; that the
social, economic, environmental, and geopolitical impacts of thatagewent are benign; and
hence that there is no need for urban planning intervention in maviagsrelevant to concerns
over global climate change, the authors contended that a Oglobal entggrgl vehicle
emission controls rendered compact development unnecessary.

EwingOs counterpointNOls Los AngelesDStyle Sprawl Desirable?ONdefiaatitsroadly as

1) leapfrog or scattered development, 2) commercial strip develdapare3) large expanses of
low-density or single-use development, as in sprawling bedroom commuaitcesompact
development as the reverse. The article argued that U.Sstat@ markets have many
imperfections that cause them to Ofail,O that the socfatevebsts of such failure are enormous,
and that urban planning interventions therefore are warranted. Ratyicelevant to the global
climate change debate is the following:

While the best case envisioned by [Gordon and Richardson] has thegealfgasoline
holding steady, it is the worst case that worries othersThe fact that the most recent
large-scale war fought was in the Persian Gulf is itsedg&inent to the risk of relying
on the political stability of this region for a commodity [oil] sssential to economic
activity . . . . Being unregulated, carbon dioxide emissions reprasegger threat to
national welfare than do regulated emissions. There is now &oesensus within the
scientific community that carbon dioxide build-up in the atmospheraugrgaglobal
climate change, and that the long-term effects could be catastrophi

A decade later, there seems to be little doubt that the Goasesd scenario is upon us. The
urbanized area of the United States has grown almost threefaéistersthan metropolitan
population, as urban development sprawled outwards unchecked (see Figurai%-3)
development pattern has boosted VMT and reduced the amount of forestddatle to absorb

COo.
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Figure 1-3 Growth of Population and Urbanized Land Area byCensus Region between
1982 and 1997
Source: Fulton et al. 2001.
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Vehicle miles traveled in the United States have grown thresstiaster than the population,
and almost twice as fast as vehicle registrations (see Figdireln one analysis, 36 percent of
the VMT growth was explained by increasing trip length (see Figure\viF&gh is a function of
development patterns. Another 17 percent was explained by shifts to adetripbifrom other
modes of transportation. Again, development patterns are implid&eenother 17 percent was
due to lower vehicle occupancy, as rates of carpooling declined. Onlycehpef the growth in
VMT was explained by population growth. Using comparable methodology, weaéstihat
one-third of the national growth in VMT between 1990 and 2001was due to kefgele trips®

2 Between 1995 and 2001, total VMT in the Unitedt&tancreased by 34 percent, while average vetipléength
increased by 11.5 percent (Hu and Reuscher 2004).
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Figure 1-4 Growth of VMT, Vehicle Registrations, and Populabn in the United States
relative to 1980 Values
Source: FHWA 2005
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Vehicle miles traveled have grown more than twice as fasghsvay capacity in urbanized
areas of the United States. In all 85 urbanized areas foh\statstics are available, highways
became more congested between 1982 and 2003 (Schrank and Lomax 2005)rukhevient in
regions that struggled to pave their way out of congestion and appearesutzéeding for a
time (see Figure 1-6). Highway building itself induces moreitrafid urban sprawl, in a never-
ending spiral. (This will be discussed in greater detail in Ch&pteduced Traffic and Induced
Development.)
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Figure 1-6 Growth of Annual Hours of Delay per Capita
Source: Schrank and Lomax 2005.
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Carbon dioxide emissions from the transportation sector have grownregniated pollutant
emissions actually declined, thanks to improved fuel and engine technsémgfigure 1-7).
Carbon dioxide emissions are proportional to gasoline consumption and, duipgribd,
improvements in vehicle fuel efficiency were overwhelmed by the grow¥MT. Under
business-as-usual policies, VMT growth will continue to surpassaemipngains. (See Chapter
2, The VMT/CQ/Climate Connection, for more details.)

% The advent of Ofirst-generationO catalytic coersein 1975 significantly reduced hydrocarbon aadbon
monoxide (CO) emissions. Because lead inactivaesatalyst, 1975 also saw the widespread intrémtu cff
unleaded gasoline. The next milestone in vehiclession control technology came in 1980 and 1981.
Manufacturers equipped new cars with more soplaistit emission control systems that generally irela®three-
wayO catalyst (which converts CO and hydrocaram@X and water, and also helps reduce nitrogen oxmles t
elemental nitrogen and oxygen). On-board compedsoxygen sensors help optimize the efficiencthef
catalytic converters. Vehicle emissions are beimther reduced under 1990 Clean Air Act amendmevhs;h
include even tighter tailpipe standards, improvexdtwl of evaporative emissions, and computerizadrbstic
systems that identify malfunctioning emission colstr
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Figure 1-7 Change in Transportation Emissions in the Unitg States Relative to 1995
Values
Source: EPA undated.
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The transportation sector has become the largest source;@@issions in the United States,
surpassing the industrial sector (see Figure 1-8). It now accourasdehird of the U.S. total.
Unless action is taken, the transportation sectorOs share ef@3ions is expected to increase
as VMT outpaces population growth (see Chapter 2).
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Figure 1-8 U.S. Carbon Dioxide Emissions by End-Use Sector
Source: EIA 2007a.
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The United States is home to only 5 percent of the worldOs popuatidhS. residents own
almost a third of the worldOs cars, which account for 45 percérat 63 emissions generated
by cars worldwide (see Figure 1-9). U.S. cars play a dispropowrioolatin global warming
because they are less fuel efficient than cars elsewhdre warld, and also because they are
driven farther.
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Figure 1-9 Light-Duty Vehicle Emissions by World Region, 2003
Source: DiCicco and Fung 2006.
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1.4 A Perfect Storm in Climate Policy

Author Sebastian Junger coined the expression Oa perfect stornu@ilie thes confluence of
different weather conditions that created a powerful 1991 storm itldnatic Ocean. The
phrase has come to describe the simultaneous occurrence of evehtgakeic individually,
would be far less momentous than the result of their confluenenitssan appropriate
metaphor for what currently is happening in two areas of public patidyin private real estate
markets. It also is a good metaphor for what will occur in UrBan development generally as
these three forces collide.

U.S. climate policy is one area in which a perfect storbrasving. The issue of climate change
has risen to prominence worldwide, and become compelling in the Unétes Sn only 15
years, as the following actions indicate.

¥ June 1992: The United Nations Framework Convention on Climate Chang€QIyF
opened for signatures at the OEarth SummitO in Rio de Jan&srimradhbilizing GHG
concentrations in the atmosphere. The United States is a signatory.

¥ December 1997: The Kyoto Protocol to the UNFCCC establishesoagpadntified
GHG emission targets for developed countries. The United Statesdbeatify the
protocol.

¥ June 2002: The U.S. government acknowledges for the first time thahlaatidty is

contributing to global warming, in a report issued by the U.S. Enviroraneratection
Agency (EPA) that is challenged by the White House.
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¥ June 2006: A committee convened by the National Academies of Scemdades that
human activities are largely responsible for recent global warming.

¥ September 2006: California becomes the first state to adoptisgidithe Global
Warming Solutions Act of 2006 (AB 32)Nrequiring regulations and markébastto
reduce the stateOs GHG emissions to 1990 levels by 2020. Eightestatebdater
adopt similar targets or mandates.

The pace has accelerated in 2007:

¥ January 2007: Major U.S. corporations and environmental groups, banding t@gether
the U.S. Climate Action Partnership, call for a 10 to 30 perashiction in CQ
emissions within 30 years (USCAP 2007).

¥ April: The U.S. Supreme Court rules that the EPA has the auwthoniegulate GHG
emissions, and has the duty to do so unless it can provide a scieswit for not acting.

¥ May: Tulsa, Oklahoma, becomes the 500th city to sign the U.S. M&Jiarate
Protection Agreement to reduce greenhouse gas emissions (U.S eGoafefr Mayors
2007).

¥ June: In the largest international public opinion survey ever taken ofnib&t world
identifies environmental degradation as the greatest dangerNabove nueksaons,
AIDS, and ethnic hatred (Pew Research Center 2007). Globalimgrin particular, is
viewed as a Overy seriousO problem (see Figure 1-11).

¥ July: Congressional lawmakers have introduced more than 125 bills, i@s®/and
amendments specifically addressing global climate change and GHGiars|
compared with the 106 pieces of relevant legislation introduced dwergntire two-
year term of the previous Congress (Pew Center on Global Cl@haiege 2007).

¥ August: CaliforniaOs attorney general settles his sprawl amshoamissions case with
San Bernardino County. The county agrees to amend its general plaeatedacnew
GHG reduction plan within 30 months to outline opportunities and steafégspecially
land use decisionsNto reduce GHG emissions.

¥ August: Russian minisubmarines plant a national flag under the NorthcRafeing the
Artic seabed as Russian territory for future oil exploration andgredpitating an Artic
land grab. Arctic oil exploration will become feasible only becalsieal warming is
melting and thus shrinking the Artic icecapNand, ironically, the oil gad extracted
will only accelerate the problem as they are burned.

¥ September: President George W. Bush hosts a climate change $arnoptofficials

from the worldOs major economies to come to agreement on avénanfer lowering
global GHG emissions in the post-Kyoto era.
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Figure 1-10 World Views on Global Warming: How Serious a Problem?
Source: Pew Research Center 2007
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A paradigm shift can occur very rapidly in the physical scieragthe dominant scientific view
changes in response to overwhelming evidence. The 29,000 data seriesivavay the 2,500
top climate scientists on the U.N. Intergovernmental Panel ora@i@hange (IPCC 2007b)
constitute that evidentiary ba&&ince the early 1990s, the scientific community has come to
agree on the reality of climate change, on the contribution of humaityatdiclimate change,
and on the catastrophic consequences if current trends continue. Sauiations are slower
than scientific revolutions. Public opinion about global warming is chamgorg slowly than
scientific opinion, and political action may be slower still. Bigy, too, are changing,
irrevocably.

1.5 A Perfect Storm in Consumer Demand

There are many reasons why smart growth may be the Olow-hangi@gdruieducing CO
emissions in the transportation sector. The most compelling fadtoe large and rising
consumer demand for homes in neighborhoods that exhibit compact charestéristireal
estate analysis firm Robert Charles Lesser & Co. (RCL@&S)conducted a dozen consumer
preference surveys in suburban and urban locations for a variety ofrbtiddeslp them develop
new projects. The RCLCO surveys have found that about one-third of the respondentsyin ever
location are interested in smart growth housing products and comesuthitigan 2007).
Preference varies by geography, economic and demographic fundamenthlsyemgrofiles;

life stage and income are key variables. Other studies by timnblaf\ssociation of
Homebuilders (NAH), the National Association of Realtors (NARg, Fannie Mae Foundation,
high-production builders, and other researchers have corroborated ghdte vath some
estimating even greater demand for smart growth housing products (dfye@Gearin 2001).

Perhaps the best national assessment of the current demand fayremtir is the National
Survey on Communities, conducted for Smart Growth America (a nonadvfiicacy group)
and the NAR (Belden Russonello & Stewart 2004). In this survey, resmpisndere given a
choice between communities labeled OAO and OB.O Community Acwhasdlas having
single-family homes on large lots, no sidewalks, shopping and schoolda@ctw miles away,
commutes to work of 45 minutes or more, and no public transportatioantrast, community
B was described as having a mix of single-family and other houstteyyalks, shopping and
schools within walking distance, commutes of less than 45 minutes, ariy peiblic
transportation.

* The data series show significant changes in obsiens of physical systems (snow, ice, and frozemigd:
hydrology; and coastal processes) and biologicstiesys (terrestrial, marine, and freshwater biolkalgystems),
together with surface air temperature changes tneeperiod 1970 to 2004. A subset of about 29,041 deries
was selected from about 80,000 data series fronshitiles. These met the following criteria: 1) ergin 1990 or
later; 2) spanning a period of at least 20 yeard;3) showing a significant change in either dimttas assessed in
individual studies.

® These places include Albuquerque, Atlanta, Bai®rlotte, Chattanooga, Denver, Orlando,
Phoenix, Provo, Savannah, and Tampa.
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Overall, 55 percent of Americans indicated a preference fomzonty B, the smart growth
community. Of those who said they think they will buy a house withiméxéthree year§1
percent are more likely to look for a home in a smart growth community than a
conventional community. Commute time was a major factor in how respondents chose
between A and B. It appears that about a third of the market whatite the smart growth
community over the conventional community if commutes were compagatzienore than
another quarter would choose the smart growth community if it weatekbcloser to
employment than the conventional alternative, thereby reducing commute time

Figure 1-11 Attractions of a Smart Growth Community*
Source: Belden Russonello & Stewart 2004
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* For those choosing the smart growth community. Th e question was OLook at the community you
selected and choose the ONE most appealing charactestic of that community for you.O

When it comes to housing demand, demographics are destiny. As baby boaoerse bmpty
nesters and retirees, they are exhibiting a strong preferencenfiract, walkable
neighborhoods. So are single adults and married couples without chiltiese trends likely
will continue, because the baby boom generation represents Améargaisgenerational
cohort. By 2020, the number of individuals turning 65 years of age will skyrtkeore than 4
million per year (see Figure 1-12) Between 2007 and 2050, the shaeeldfS. population older
than 65 years of age will grow from 11 percent to 15.9 percent (UrSu€8ureau 2004).
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Figure 1-12 Americans Turning 65 Years Old Annually,1950 to 2025
Source: He et al. 2006
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Growth in households without children (including one-person households) alssevill r
dramatically. From 2000 to 2025, households without children will accoud8fpercent of

total growth in households. (Thirty-four percent will be one-person hous¢hBid2025, only
28 percent of households will have children (Nelson, 2006).

Some of this change in preferences also appears to be cultutialjlpdy among Generation
Xers who are now fully engaged in the homebuying market. Accordingedaroesby
Yankelovich, a leading marketing services consultancy, Gen Xers vatlittoinal face-to-face
relationships with neighbors and neighborhood characteristics such aalk&gand nearby
recreational facilities. Yankelovich president J. Walker 8Bmiscussed these findings at the
June 2004 NAHB conference, noting that Oplanned communities thatdgstverness and
neighborhood life will resonate with this generationO (NAHB 2004). Anattiestry analyst,
Brent Harrington of DMB Associates, reports that Gen Xersamiang for more diverse and
compact communities characterized by smaller but better-designess lasmvell as shopping
and schools in more central locations, reflecting an Oextrerthesgisiment with the bland,
vanilla suburbsO (Anderson 2004).

This means that the demand for homes located in downtown, in-taee;icl suburban, and
other relatively compact locations will continue to rise. The dehiar attached and small-lot
housing will exceed the current supply by 35 million units (71 percent)e Wie demand for
large-lot housing actually will be less than the current supplyRispee 1-13).
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Figure 1-13 2003 Housing Supply versus 2025 Housing Demand
Source: Nelson 2006.
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These trends are visible now: Downtown and in-town housing tops tlé hist markets each
year in the Urban Land InstituteEserging Trends in Real EstatdL| 2005, 2006, 2007). In
addition, new urban and smart growth communities are in such high démagticey not only
command a price premium at the point of purchase, but also hold taiupn values over time
(Eppli and Tu 1999, 2007; Leinberger 2007).

In addition to changing housing and neighborhood preferences, many stakeholdarefatky
watching changes in travel behavior and needs, especially among oldecakeeFor example,
the nonprofit association AARP has made transportation and qualitie-ofiditters one of its top
policy issues to tackle in the next decade. The AARP is concernaddeemughly one in five
people over 65 years of age do not drive at all, and more tharrikalbdly occasionally; that
is, they do not drive on most days (STPP 2004). Older adults whd&salility to drive tend
to lose their independence unless they have other ways of accessing sheppeadgon,
medical care, and other basic needs (see Figure 1-14).
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Figure 1-14 Average Daily Travel Patterns for Nondrivers over Agé5
Source: STPP 2004.
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AARP surveys suggest that most people want to Oage in placeQa(Ralfarper 2000; Mathew
Greenwald & Associates 2003). In most areas where older Aanerare aging in place, public
transportation services are not available. In fact, accordingati@nal poll, only 45 percent of

Americans over 65 live within close proximity to public transpastatiMathew Greenwald &
Associates 2003).

Fifty-five percent of respondents to another poll said that they woafdrdo walk more
throughout the day rather than drive everywhere (see Figure 1-15).dEnky ere particularly
inclined to walk when conditions are right (Mathew Greenwald & Aases 2003). These
results, plus the high cost of special transportation servieeseasons for making sure older
people can easily access transit and live in safe, walkable wors. Future community
design, development, and transportation decisions will strongly influbaizemobility choices.
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Figure 1-15 Americans Want to Walk More*
Source: Belden Russonello & Stewart 2003.
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*The question was: Please tell me which of theofslhg statements describe you more: A) If it weosgible, | would like to
walk more throughout the day either to get to dpeplaces or for exercise, or B) | prefer to drivey car wherever | go?

1.6 And a Perfect Storm in Urban Planning

Yet another perfect storm is brewing in the land use and traaparplanning fields. Although
it is much less intense, this storm is swirling in the sedirection as the ones in climate policy
and consumer preferences. The urban planning field has been overtaken bynisvem
promoting alternatives to conventional auto-oriented sprawl. Plannerachvmeate urban
villages, neotraditional neighborhoods, transit-oriented developments [T@Rsed-use
activity centers, jobs/housing balance, context-sensitive highway desighsaffic calming.

Alternative models of land development are everywhere. A 2003 Istiogs 647 new urbanist
developments in some state of planning or construction (New Urban 20883, even though
the new urbanist movement began only 12 years edrliansit-Oriented Development in the
United States: Experiences, Challenges, and Prospintsifies 117 TODs on the ground or
substantially developed as of late 2002 (Cervero et al. 2004). ThE@B guidelines were
issued about a decade earlier. In 2004, there were more thanesd@ditcenters (open-air
shopping centers fashioned after main streets) in the Unitesb SaaB5 percent increase from
2000 (Robaton 2005). The U.S. Green Building CouncilOs new rating afidatienti system for
green development, LEED (Leadership in Energy and Environmental Desigw¢ifjhborhood
Development, generated 370 applications from land developers, many moexpleated by the
program Sponsors.
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This series of photographs illustrates alternative models of land develbphop left: Southern
Village, a new urbanist village in North Carolina; top right: transit-oriedtdevelopment in
Bethesda, Maryland; middle left: CityPlace, a lifestyle ceiméNest Palm Beach, Florida;
middle right: infill/redevelopment (so-called OrefillO) in StuPMinnesota; bottom left: green

development in Prairie Crossing, lllinois; bottom right: Stapletonpnawtown in townO in
Denver, Colorado.
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Recognizing the unsustainable growth in driving, the American Associatidtate#f Highway
and Transportation Officials, representing state departmentnsportation, recently called for
VMT growth to be cut by half during the next 50 years (AASHTO 2007)h Satkely allies as
the Institute of Transportation Engineers and the Congress for th&Nanism have teamed
up to develop new context-sensitive street standards for walkable cotes(see the
illustration below). At the local level, several hundred traffdming programs have been
created in the past decade; the term traffic calming wasveot used in the United States until
the mid-1990s (Ewing, Brown, and Hoyt 2005).

Elements of a context-sensitive urban highway.
Kimley-Horn and Associates et al. 2006

Loss of farmlands and natural areasNand the public benefits they proviediédnind a number
of planning initiatives. The Maryland Smart Growth Program was ntetivarimarily by the
rate at which the urban footprint was expanding into resource aredsigsee 1-16). Nationally,
most urbanized areas have seen their land area expand sevesdhster than their population
(Fulton et al. 2001).

Figure 1-16 Parcel Development in Maryland, 1900 to 1960 (left) ari®61 to 1997 (right)
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Fiscal constraints at the state and local levels are pronguivgrnments to look for less
expensive ways to meet infrastructure and service needs. Compattt gréess expensive to
serve than sprawl, by an estimated 11 percent nationally foribasistructure (Burchell et al.
2002). The per capita costs of most services decline with densitisaras the spatial extent of
urbanized land area increases (Carruthers and Ulfarsson 2003)avikie: Utah scenario
planning process resulted in the selection of a compact growth ptamiltteave the region
about $4.5 billion (17 percent) in infrastructure spending comparechweibintinuation of
sprawling development (Envision Utah 2000). A major impetus for growatagement is the
desire to hold down public service costs.

The U.S. obesity epidemic and associated mortality, morbidity, aithleare costs have added
to the momentum for walkable communities. Circa 2000, a new collatiotzetween urban
planning and public health advocates, began under the banner of activeOwirgj.this came
the Active Living by Design Program of the Robert Wood Johnson Foundationgtire A
Community Environments initiative of the Centers for Disease CoatrlPrevention (CDC),
numerous Safe Routes to School programs, and dozens of MayorsO HsaittitjaGves. A
recent literature review found that 17 of 20 studies, all datorg 2002 or later, had established
statistically significant relationships between some aspebiedbuilt environment and the risk
of obesity (Papas et al. 2007).

Public support for smart growth policies appears to be strong andngréMyers 1999; Myers
and Puentes 2001; American Planning Association 2002; Kirby and Hollander 2082000
national survey, a majority of respondents favored specific policies timelgeneral heading of
smart growth (see Figure 1-17). In the 2000 election, 553 stédeadballot initiatives in 38
states focused on Qissues of planning or smart growthO and higragescpassed (see Figure
1-18). In 2004, voters approved 70 percent of ballot measures supportingtrautgicand
rejected three out of four ballot initiatives on Oregulatory takiimgs©ould have significantly
crimped planning efforts (Goldberg 2007).
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Figure 1-17 National Opinion Poll Results
Source: Belden Russonello & Stewart 2000.
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Figure 1-18 State and Local Ballot Measures Passed, 2000 Elenti
Source: Myers and Puentes 2001.
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1.7 The Impact of Compact Development on VMT and CO  , Emissions

CaliforniaOs landmark Global Warming Solutions Act of 2006 (AB 38)foa restoring
CaliforniaOs GHG emissions to 1990 levels by 2020, a 25 percenicedeilztive to current
emissions (see Figure 1-19). AB 32 also requires the Air ResoBozed (ARB) to identify a
list of Odiscrete early action greenhouse gas reduction meagimes.én the list, these
measures are to be developed into regulatory proposals, adopted byBhandiRnade
enforceable by January 1, 2010.

Figure 1-19 CaliforniaOs Projected GHG Emissions and Targets
Source: Climate Action Team 2007.
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Pursuant to the act, the ARB releagedposed Early Actions to Mitigate Climate Change in
California (ARB 2007). At the same time, the California Environmental tiote AgencyOs
Climate Action Team recommended 21 additional actions for which &HiGsion reductions
have been quantified (Climate Action Team 2007). Of all the actionise original list, those
expected to achieve the second-largest reduction (originally 18 nmikdnc tons per year GO
equivalent by 2020, since lowered to 10 million metric tons) fell utsehéading of Osmart
land use and intelligent transportation.O No details were providedvastt this category of
actions might entail, or how the targeted reduction might be achieved.
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How much could a transition from sprawl to compact development reagaedbkce U.S.
transport CQlevels relative to current trends? The answer is the produog dbitowing six
factors:

¥ market share of compact development;

¥ reduction in VMT per capita with compact development;

¥ increment of new development or redevelopment relative to the base;
¥ proportion of weighted VMT within urban areas;

¥ ratio of CQ to VMT reduction for urban travel; and

¥ proportion of transport C£due to motor vehicle travel.

Each factor is discussed below and quantified in turn.

1.7.1 Market Share of Compact Development

The first factor that will determine G@eduction with compact development is market
penetration during the forecast period, 2007 to 2050. The market sltamapdct development
in the United States is growing but probably still small (Sobel 200&omprehensive
inventory exists.

Two factors, however, suggest that whatever the market shadais it will increase
dramatically during the forecast period. One factor is the muardersupply of compact
development relative to demand (see section 1.5). OA reviewsthgxdtudies on consumer
demand for smart growth products as well as consumer survegsnsistently find that

at least one third of the consumer real estate market psafiers growth developmentO (Logan
2007). The other factor is changing demographics (also discussed imgeB). OThe aging of
the baby boomers is an inexorable force likely to increase the nahbeuseholds desiring
denser residential environmentsO (Myers and Gearin 2001). The questaw fast will the
supply of compact development respond to this demand?

Over the long run, it is reasonable to assume that what is supplteeé development industry
will roughly equal what is demanded by the market, with a timeThis will be true, provided
government policies allow and encourage it. If a third of the matkegéntly wants the density,
diversity, and design of smart growth, and almost another third Wentkestination
accessibility of smart growth (see section 1.5), the markeb&inclined to provide these
product types.

Changing demographics and lifestyles will increase these proportionpolitye
recommendations presented in Chapter 7 will facilitate markegelsaas well as make a
contribution of their own to growing market shares. We will assiivaebetween now and 2050,
thelower bound on the proportion of compact development is six-tenths and the uppeisbound
nine-tenthsconsistent with demographic trends and the current undersupply. Assdiaos
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subsection 1.7.3, this still leaves more than 40 percent of developmiéig today, largely
sprawling and auto oriented.

1.7.2 Reduction in VMT per Capita with Compact Deve lopment

Based on the urban planning literature reviewed in this publicatiappéars that compact
development has the potential to reduce VMT per capita by anywher@@oom40 percent
relative to sprawl. The actual reduction in VMT per capitd dgpend on two factors: how bad
trend development patterns are in terms of the so-called Ofieé®Qy, diversity, design,
destination accessibility, and distance to transit); and how goodadite® growth patterns are in
terms of these same five Ds. The five Ds, which are descmb@&hapter 3, are qualities of the
urban environment that urban planners and developers can affect, whioh affect travel
choices.

Considering all the evidence presented in Chapter 3, it is reasto@lisume aaverage
reduction in VMT per capita with compact development relative to $faree tenthsThis
fraction applies to each increment of development or redevelopment Butatoefect base
development.

1.7.3 Increment of New Development or Redevelopment  Relative to the Base

The cumulative effect of compact development also depends on how mudevelapment or
redevelopment occurs relative to a regionOs existing development. gdteeamount of new
development and redevelopment depends, in turn, on the time horizon arehthe growth rate.
The longer the time horizon and the faster the rate of developmestemelopment, the greater
will be the regionwide percentage change in VMT per capita.

A recent article in thdournal of the American Planning Associatioegan with the following
words: OMore than half of the built environment of the United Stategilwsee in 2025 did not
exist in 2000, giving planners an unprecedented opportunity to reshape thepadigelson
2006). Between 2005 and 2050, the number of residential units of all tygegomafrom 124
million to 176 million, or a total of 52 millioA.In addition, each decade, roughly 6 percent of the
housing stock of the previous decade is repldaeith about two-thirds being rebuilt on site and
another third consisting of new units built elsewhere because ofis&nconversions (such as a
strip mall replacing houses, with the displaced homes rebuilt leése) Counting

compounding effects, perhaps 37 million homes will need to be reptatieely through
conversion processes between 2005 and 2050. The number of new plus repideertalamits
may reach 89 million units between 2005 and 2050, or more than 70 perdenstifdk that
existed in 2005.

® The American Housing Survey reports about 124ioniltesidential units in 2005 while the Census repa
population of about 296 million for the same ydar,a ratio of 0.42 units per capita. As houselsi is not
projected to change substantially over the nexeration, the Census projected population for 2850ultiplied by
the ratio of residential units to population in 800 estimate future residential demand (see
http://www.census.gov/hhes/www/housing/ahs/ahshtml

" The 1990 Census reports 102 million residentigisumhile the 2000 Census reports that 96 milliarvived to
2000, indicating a loss rate of about 6 percentdgeade (see www.census.gov).

8 There is no consensus on the actual rate of lbsssilential units through demolition and convensio another
land use. The one-third figure is conservative daseDelphi consensus of experts (see Nelson 2006).
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Even more dramatic is the construction of nonresidential spagelyldrecause, on average,
about 20 percent of such space turns over each dédameesidential space includes retail,
office, industrial, government, and other structures. From 2005 to 205@sidmntial space will
expand from about 100 billion square f8¢d about 160 billion square feet, or by 60 billion
square feet' However, about 130 billion square feet will be rebuilt; some wtres will be
rebuilt two or more times because their useful life istleas 20 years. Perhaps a total of 190
billion square feet of nonresidential space will be constructedeleat®005 and 2050, or nearly
twice the volume of space that existed in 2005.

The magnitude of development ahead suggests there may be unprecedented tigpootuni
recast the built environment in ways that reduce a variety a&fseons, especially GO
Furthermore, as noted in section 1.5, a very large share of thidevelopment will be driven
by emerging market forces that desire compact development, not décadices CO
emissions but rather because it is responsive to changing tastesf@nenues.

Much of the built environment existing in 2005 will remain, of coursdudicg most existing
residential stock, institutional buildings, and high-rise structiNegsetheless, we may assume
that easilytwo-thirds of development on the ground in 2080 be developed or redeveloped
between now and then.

1.7.4 Proportion of Weighted VMT within Urban Areas

A shift to compact development will affeatban VMT, notrural VMT. Put another way,
compact development policies will affect travel within citiest travel between cities. Two-
thirds of the total VMT in the United States currently is urlddeavy vehicles produce about
four times more C@emissions per mile than light vehicles, and heavy vehicles repiese
higher proportion of rural VMT. Weighting VMT accordingly, 62 percefihe nationOs VMT is
presently urban. This estimate includes cars, trucks, and buses.

The proportion of urban VMT is growing as the United States becewssnore urbanized.
Projecting current trends out to 2050, abfoutr-fifths of the weighted VMT in 2050 will be
urban

1.7.5 Ratio of CO , to VMT Reduction

Compact development may not reduce;€Rissions by exactly the same proportion as VMT.
The reasons, discussed in Chapter 2, are thep€Ralties associated with cold starts and lower
operating speeds in compact areas. For the project-level siomglatiesented in section 3.4, the
ratio of CQ to VMT reduction for compact development projects is around 0.95.

° The U.S. Department of EnergyOs Energy Informaibninistration conducts the Commercial Buildingsegy
Consumption Survey (CBECS) about every five ye@ihe 1992 survey reported 68 billion square feet of
nonresidential space excluding industrial space. T¥09 survey (the most compatible in format) reggbb8 billion
nonresident square feet existing in 1992 survivm 999, or an imputed loss rate of slightly mdrarnt 20 percent
per decade (see http://www.eia.doe.gov/emeu/cbecs/)

9 This figure includes industrial space (see Nel2006).

" This figure assumes about 580 square feet of gperctill- and part-time worker. It is the quotiefttotal
nonresidential space (see Nelson 2006) and workaeslJ.S. Department of CommerceOs Bureau of Edonom
Analysis reported there were 173 million total flhd part-time workers in 2005 (se&w.bea.goy) In contrast,
the CBECS for 2003 estimates 1,000 square fedufigime worker. The more conservative figure ged.
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The material presented in section 2.3.3 indicates that a redurcti/MT of 30 percent would be
expected to produce a reduction in G about 28 percent. This figure factors in{@nalties
associated with cold starts and reduced vehicle operating speedshd haiso of CQto VMT
reduction would be around 0.93.

Given these three pieces of evidence, and weighting the second malst neawill
conservatively assumeGO, reduction equal to nine-tenths of the VMT reduction

1.7.6 Proportion of Transportation CO , from Motor Vehicles

Motor vehicles (automobiles, light- and heavy-duty trucks, and busesjochat 79 percent of
transportation C@emissions in 2005 (EPA 2007, Table 3-7). This percentage is imgeasr
time, largely because of the growth of heavy-vehicle traffie.Will assume thanotor vehicles
contribute four-fifths of transportation G@missionswith the balance coming from aircratft,

ships, and trains.

1.7.7 Net CO, Reduction in Comparison to Other Actions
Projecting out to 2050, the net g@duction is estimated to be as follows:

6/10 to 9/10 (market share of compact development)

3/10 (reduction in VMT per>((:apita with compact development)

2/3 (increment of new deve>l(opment or redevelopment relative to base)
4/5 (proportion of weighted )§/MT within urban areas)

9/10 (ratio of CQ to VMT reéuction)

4/5 (proportion of transportaﬁion Cofrom motor vehicles).

Doing the math, compact development has the potential to reducedospdrtation Co
emissions by 7 to 10 percent, when compared to continuing urban sprawl.

A 7 to 10 percent reduction in G@missions should be put into perspective. The long-term
elasticity of VMT with respect to fuel price is around B8&®(review by Victoria Transport

Policy Institute 2007). The price of gasoline would have to double to pra@duegquivalent (30
percent) reduction in VMT. If one-quarter of the projected gasolieevese replaced with
petroleum diesel, biodiesel, or electricity (a replacemeatviaived as OreasonableO within a 25-
year time frame), transportation g@missions would decline by an estimated 8 to 11 percent
(Pickrell 2003). This does not include an adjustment fos f@@n sources other than motor
vehicles. The C@savings through 2030 would be at least as large as a 31-mile-per{gapg)
corporate average fuel economy (CAFE) standard (2020 combined mpgsfandarght

trucks), or one-third of the savings expected from the SenateOs ZBAFBgtandard.
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The 7 to 10 percent reduction is an end-year estimate. Duringyeadperiod, the cumulative
drop in CQ emissions would be about half this amount. Yet, the very phenomenomiitst i
the short- and medium-term impacts of compact developmentNthe longsatede of

buildings and infrastructureNmakes the reduction essentially permanesbambundable. The
next 50 years of compact development would build on the base reductiomé&dinstt 50 years,
and so on into the future. More immediate strategies, such é&xgasreases, do not have the
same degree of permanence.

The 7 to 10 percent reduction only relates to the transportation.S€otopact development,
however, would reduce G@missions for other sectors as well. An order-of-magnitudeatst
for the residential sector is provided in Chapter 6. Controllingdoroeconomic and climatic
variables, an equivalent household uses 20 percent less primary eneggc®iheating and
cooling in a compact area than in a sprawling one. This savingsniarity due to less exterior
wall area in attached and multifamily housing, and less flo@ @@asumed at higher densities.

The 7 to 10 percent reduction does not consider the impact of iméligasportation systems,
congestion pricing, pay-as-you-drive insurance, or other complementdegisa These might
be used to better manage existing roads and public transportation, supgugrhgrowth or,
alternatively, could be used to accelerate highway capacity expansgermining the smart
growth impacts documented in this publication.

1.8 The Organization of this Book

Chapter by chapter, this book addresses the impacts of the following:

vehicular travel on greenhouse gas emissions;

urban development on vehicular travel,

residential preferences on urban development and travel;

highway building on urban development and travel;

urban development on residential energy use; and, finally,

policy options for encouraging compact development and reducing vehicular travel.

K K K K K K
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2. The VMT/CO,/Climate Connection

There is now a scientific consensus that greenhouse gas accumuagdnshuman activities

are contributing to global climate change (Greenough et al. 2001; Bandeftdger 2003;

Hegerl et al. 2007; IPCC 2007a). The Fourth Assessment ReportdiNhéntergovernmental

Panel on Climate Change (IPCC 2007a, p. 2) concludes that: OGlobspla¢nic concentrations

of carbon dioxide, methane and nitrous oxide have increased markedlkysa#t @f human

activities since 1750 and now far exceed preindustrial values detdrfrone ice cores spanning
many thousands of year&€enhouse gas concentrations have risen from preindustrial levels of
approﬁmately 280 parts per million (ppm) €€guivalent (C@e) to 430 ppm Ce2 (Stern

2006).

Figure 2-1 Atmospheric Concentration of Carbon Dioxide (CQ) over the Last 10,000
Years
Source: IPCC 2007a, p. 3.

The result is climate change. OWarming of the climate systenequivocal, as is now evident
from observations of increases in global average air and ocean temgeraidespread melting
of snow and ice, and rising global mean sea levelO (IPCC 2007 [@veh of the last 12
years are among the 12 warmest globally since the instrumetrtaad fgegan in 1850 (IPCC

2 carbon dioxide equivalent (G6) is an internationally accepted measure of theuarnof global warming of
greenhouse gases (GHGSs) in terms of the amourarbbn dioxide (C@) that would have the same global warming
potential.
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2007a, p. 5} Long-term changes have been observed in Arctic temperatures aarhiegidns,
ocean salinity, droughts, heavy precipitation, heat waves, and tropatahe intensity.

With current trends, the atmospheric concentration ofeG®expected to rise from 430 ppm to
630 ppm by 2050. Even if GHG emissions were held at year 2000 levgianie¢ would warm
by 1;C over the next 100 years. Under a variety of scenarios withidgffassumptions about
growth, technology, and climate feedback, the likely range of warhyir 00 is between 1.1;C
and 6.4iC, with a best estimate of 1.8;C to 4.0;C (IPCC 2007a,)p. 12

Figure 2-2 Global Average Surface Temperature Warming under Berent Scenarios
Source: IPCC 2007a, p. 14.

International and domestic climate policy discussions have gravitatedd the goal of limiting
the temperature increase to 2iC to 3jC (European Commission 20d3i)iz&tian at 450 ppm
COseis expected to produce a 50/50 chance of keeping warming to + 2jC above prigihdust
levels, whereas 550 ppm would result in a 50/50 chance of keepingngaon3;C
(Meinshausen 2006).

With a 2jC increase in global average temperature, all cee#d are at risk of being bleached.
At 3iC, more than one-third of all species will be at riskwadrgual extinction. With an increase
of 2jC to 3jC, coastal flooding threatens to harm or displace A@mib 250 million people,
respectively, and hundreds of millions of people face an increa&enf hsinger. In this same
range of temperature increase, the Amazon rainforest andl(ie=s ecosystems are at risk of
collapse (Meinshausen 2006). From 1;C to 4{C, a partial deglaciatitve @reenland Ice Sheet

13NASADs Goddard Institute for Space Studies idestifie five warmest years for global temperatageén
descending order): 2005, 1998, 2002, 2003, and 2B06dard 2007). Five of the last nine years haentthe
warmest on record in the United States (in descendider: 1998, 2006, 1999, 2001, 2005) (Natiorimh&te Data
Center 2007).
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will occur, with the sea level destined to increase by four tmsbers over centuries to
millennia (IPCC 2007b, p. 17; DEFRA 2006).

A shrinking Arctic icecap threatens many species, includg the polar bear.
NRDC undated

Stabilization at 450 ppm C@® would require global GHG emissions to peak around

2015 and be reduced 30 to 40 percent below 1990 levels by 2050 (HShne, Phghgsen,
Moltmann 2007; Meinshausen and den Elzen 2005). The British governmerg@sarelthe
IPCC report show that the less we limit GHG emissions globallye near term, the harder it
will be to stabilize them at the target concentrations (@& Treasury 2006; IPCC 2007c,
p.15). For each five years that the peak in global emissions is ddlayend 2015, the annual
rate by which emissions must decline will increase by an additiopatcent (Meinshausen and
den Elzen 2005). One percent per year is a substantial level if efimparable to the reduction
the United Kingdom achieved nationally after it switched all ofat=l-fired power plants to
natural gas in the 1990s (Helme and Schmidt 2007).

Determining the necessary GHG reductions in the United Statesdbglobal targets requires
assessment of and assumptions about expected GHG reductions in othescaurgremerging
consensus is that industrialized countries will need to reduceGhkx emissions by 60 to 80
percent below 1990 levels by 2050 (European Commission 2007; Helme and X0widt
HShne, Phylipsen, and Moltmann 2007; Meinshausen and den Elzen 2005; New England
Governors/Eastern Canadian Premiers 2001; Schwarzenegger 2005). Tioisrieat-term
goal, industrialized countries must reduce GHG emissions 15 to 3tpbetew 1990 levels by
2020 (European Commission 2007; HShne, Phylipsen, and Moltmann 2007; Meinshausen and
den Elzen 2005). In August 2007, industrial nations agreed to GHG cutsi@9ercent below
1990 levels by 2020 as a nonbinding starting point for a new round of internatiorate
negotiations (Reuters 2007).
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2.1 Prospects for the U.S. Transportation Sector

The transportation sector is responsible for 33 percent of U.Se@3sions (28 percent of U.S.
GHG emissions), and its emissions are projected to grow fhatethe average rate for all
sectors of the economy (EIA 2007, Table A18). Passenger vehidesafxhlight trucks) are
responsible for more than three-fifths of transportation sectere@@sions.

The GHG reduction OrequiredO from U.S. transportation is a fuottiumlevel of reductions
that can be expected in other sectors of the economy to meet thB®BPeent reduction

target. While certain sectors of the economy may be able toe€sidG emissions more than
others, it is unlikely that they will be able to sufficiently overpemsate for limited progress in
the transportation sector. As discussed below, current policy proposaéhicle technology and
fuels would leave passenger vehicle @&missions well above 1990 levels in 2030, significantly
off course for meeting the 2050 target. Reduction in travel demahblenain important element
of effective climate policy.

There is a popularly held expectation that electricity or hydrogds Wik provide long-term
solutions to energy security and transportation GHG concerns, edgatiifiing transportation
GHG emissions upstream to other sectors of the economy. Biofselsalld potentially play
an important role, but their use will be limited because of land¢osstraints, high costs, and
ecological and social concerns. A shift to electric or hydrogenamand certainly reduce
petroleum use if major technological breakthroughs and cost reductioashé@eed on battery
and fuel cell technologies. (Plug-in hybrid vehicles currently caagst premium on the order
of $10,000, and the cost premium for hydrogen fuel cell vehiclestiseoorder of $500,000 to
$1 million.)

Achieving significant GHG reductions also will require significarveistments and political will.
Since electricity and hydrogen are energy carriers, they resai savings only if their
production and transportation processes are relatively more carmenetihan the current
approach. Thus, for electricity or hydrogen to result in GHG reshstithey must be generated
via low-emitting processes. Three primary energy sources couldagetar-GHG electricity or
hydrogen. First, renewable sources such as solar, biomass, and wargigmaficant but limited
potential. Although these sources could potentially provide a large awioemergy, issues such
as intermittent generation and local resource availability preldfictlties. Second, nuclear
power has great potential as a low-GHG energy source, but fgodiant cost and political
barriers. Third, carbon capture and sequestration (CCS)Nin whichi@moved from a coal
(or other) power plant smokestack and injected underground into geologiatitms such as
oil fields, gas fields, or saline formationsNoffers the poséipidf continued use of coal
resources with a much improved GHG profile. There is actseareh on CCS to assess costs,
permanence, and storage capacity. Each of these three low-GHf$ sorces holds significant
promise but can offer no guarantees.
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2.2 VMT and CO, Projections

The U.S. Department of EnergyOs Energy Information Administ{&ié forecasts VMT to
increase by 59 percent from 2005 to 2030 (the red line in Figureo2tBgcing projected
population growth of 23 percent (EIA 2007, Table A7). The projected Wfidiease represents a
slowdown relative to historic VMT growth rates, but is withie tikely range for future VMT
growth (Polzin 2006). Over this time period, the EIA projects égehomy for new passenger
vehicles to increase by 16 percent (from 25 to 29 mpg) and the fuel econtme full stock of
vehicles (the green line in Figure 2-3) to increase by 13.3peas more efficient vehicles
penetrate the fleet. G@missions would increase by 40 perteaver the same time frame (the
dark blue line in Figure 2-3). In this case, transportation €fissions in 2030 would be 75
percent above 1990 levels (the turquoise line in Figure 2-3).

Figure 2-3 Projected Growth in CQ, Emissions from Cars and Light Trucks
Source: EIA 2007
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U.S. fuel economy has been flat for almost 15 years, as the uppreatlof car weight and

power has offset more efficient technology (Schipper 2007). In June th@03,S. Senate
passed new CAFE standards that would increase new passengerfuehiet®nomy (cars and
light trucks combined) to 35 mpg by 2020 (U.S. Congress 2007). The s@adifofnia is
implementing a low carbon standard for transportation fuels thatfoaks10 percent reduction
in fuel carbon intensity by 2020 (Schwarzenegger 2007). If Califorrasibon fuel standard
were applied at the national level (the purple line in Figure B¥&pnjunction with the SenateOs
CAFE standard of 35 mpg by 2020 (the green line in Figure 2-4), passehgde GO

emissions in 2030 would be 12 percent above 2005 levels, or 40 percent aboverdl89nle

14159% [vehicle miles traveled] / 1.133 [mpg] = 14020, ] with constant fuel carbon content.
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other words, projected growth of VMT would still overwhelm the,G@vings from vehicle and
fuel regulations?

Figure 2-4 Projected Growth in CQ, Emissions from Cars and Light Trucks, Assuming
Stringent Nationwide Vehicle and Fuel Standards
Sources: EIA 2007; U.S. Congress 2007; Schwarzenegger 2007.
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* With Senate new passenger vehicle fuel econon8bahpg and California low carbon fuel standar®@f percent in 2020,
applied nationally. Assumes a 10 percent rebound.

If the fuel economy and fuel carbon content trends represented in Bigusere extended
through to 2030, so that new vehicle fuel economy would increase to 45hfigedcarbon
content would decrease to 15 percent below current levels, then 2Q30X3ions would be
reduced to 1 percent below 2005 levels, or 24 percent above 1990 levels ZFjure

Bn this scenario, VMT growth increases by 2 petage points (61 percent growth by 2030) due tahebound
effectO whereby driving increases as fuel econoengases (10 percent short-run elasticity).
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Figure 2-5 Projected Growth in CO2 Emissions from Cars andLight Trucks, Assuming
Even More Stringent Nationwide Vehicle and Fuel Standards
Sources: EIA 2007; U.S. Congress 2007; Schwarzenegger 2007.
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*Extrapolating trends from Figure 2-4 with new pasger vehicle fuel economy of 45 mpg in 2030 and darbon fuel standard
of B15 percent in 2030.

Clearly, lowering transportation G@missions to 60 to 80 percent below 1990 levels by 2050
would require even greater improvements in vehicles, fuels and,taiertanly, reductions in
VMT per capita.

2.3 Other Influences on CO , Emissions

Carbon dioxide emissions are a function not only of VMT but also of nindberehicle trips
(VT) and vehicle operating speeds. The number of vehicle tripseistigirelated to the number
of vehicle starts, while average vehicle operating speed is a fmothe entire driving cycle
(starts, acceleration, cruising speed, deceleration, and dBapis)affect vehicle operating
efficiency and C@emissions per vehicle mile.

2.3.1 Vehicle Trip Frequencies

Starting a vehicle when it is cold uses more energy and emits@@rihan does starting the
vehicle after it has warmed up. For an average car indDailif, the California Air Resources
Board EMFAC model shows cold start emissions of 213 gramsa@€r a 12-hour soak.To
put this in context, an average passenger car emits 386 grams péQ@ile when traveling at
an average speed of 30 miles per Hour.

18 AuthorsO calculations based on data from EMFAQ,20D.3 Nov. 1, 2006, provided by Jeff Long, Califia
Air Resources Board, July 24, 2007.
17 AuthorsO calculations based on data from EMFAQ,20D.3 Nov. 1, 2006, provided by Jeff Long, Califia
Air Resources Board, April 25, 2007.

57



Still, any cold start penalty associated with compact developmgkelisto be small. From the
EMFAC model, CQ emissions fronall vehicle starts (cold, intermediate, and hot) account for
just 3.3 percent of total annual passenger vehicle@d@ssions in Californi&® Moreover, while
there has been some speculation in the literature that compalcisheget could increase trip
frequencies, the weight of evidence suggests otherwise. Ovgralites appear to depend
largely on household socioeconomics and demographics. Controlling for thesedediue
vehicle trip rates are lower in compact areas because soarfeooiseholdOs daily trips shift from
the automobile to other modes (Ewing, DeAnna, and Li 1996; Ewing aneérGe2001).

2.3.2 Vehicle Operating Speeds

Compact development policies could have secondary effects prr@i€sions by lowering (or
raising) average vehicle speeds. Motor vehicles with internal coimbestgines are most
efficient at an average speed of about 45 miles per hour, with &ffi@ency and higher CO
emission rates for speeds above and below this Osweet spoi@ufseR-6). The data in Figure
2-6 come from the California Air Resources Board EMFAC modefrepisksent average speed
for vehicle trips that have been calibrated to reflect realdadyiving behavior, including
acceleration, starts, idling, and so forth.

Figure 2-6 CQ, Emission Rate versus Average Vehicle Speed*
Source:Jeff LongCalifornia Air Resources Board
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*Data from EMFAC 2007, V2.3 Nov. 1, 2006, provideg Jeff Long, California Air Resources Board, A@@07. Data include

all model years in the range 1965 to 2007. The ritad@ of the curve (not the shape) is a functioteafiperature and humidity
assumptions, in this case 80jF and relative hupifits0 percent.

18 AuthorsO calculations based on data from EMFAQ,20D.3 Nov. 1, 2006, provided by Jeff Long, Califia
Air Resources Board, July 9, 2007.
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Can we therefore conclude that it would be most efficient to degigs and roadways to
maximize vehicle operating efficiency? No, because the efficigamed by designing roads for
high average speeds would be negated by an increase in miles trBesieldpment can and
would become ever more dispersed. The phenomena of indudedamdfinduced development
are discussed in Chapter 5. Moreover, the most efficieredsfor todayOs cars is probably
higher than the most efficient speed for tomorrowOs caissiBmrate curves for hybrid
vehicles, in particular, look different, because these vehigf@srience less of a low-speed
emissions penalty.

2.3.3 Synthesis

With the transition from sprawl to compact development, both \&dd VT would be expected
to decline, though by different percentages. The result would be &d@&p emissions per
capita. Vehicle trips will decline as travelers shift frima automobile to alternative modes, and
VMT will decline as mode shifts occur and as automobile tripslyatter. Vehicle operating
speeds also may decline, and would have an opposite effect.oen@$3ions per capita.
Compact development may mean lower cruising speeds and more stop-andngg lakeince
higher emissions per mile traveled (assuming conventional vehiblediegy).

We can get a sense of the magnitude of these effects based ahlawafbrmation. All else
being equal, there is a one-to-one relationship between VMT apdri€sions; a 30 percent
reduction in VMT will result in a 30 percent reduction in {&dnissions.

Figure 2-7 Close Relationship between VMT per Householand CO, Emissions in the

Chicago Metropolitan Area
Source: Center for Neighborhood Technology undated.
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Let us posit that regional density will be 50 percent higher in 2050 gondgpact development
than with current trends, a not unreasonable assumption, given theesd&tated in section 1.7.
Given an elasticity of peak hour speed with respect to density of @@ Subsection 3.1.4), the
average peak hour vehicle operating speed might decline by 0.15 timesé&ft,par 7.5

percent, with compact development. If so, average daily speed woliltkd®cabout 3 percent,
since the morning and afternoon peak periods represents two-fifihermaige daily traffic in
metropolitan areas. Such a decline would cause a 1 to 2 percezase in C@emissions per
mile at typical urban speeds (see subsection 2.3.2). Therefoomjfact development reduced
VMT by 30 percent, lowered average vehicle operating speed by 3 percehfachno effect on
vehicle trips, the net impact would be a 28 percent drop ineB@ssions?

The next chapter addresses the extent to which compact urban develcpmestuce VMT and
associated CQemissions.

19100% B (70% [VMT] x 102% [Cper mile] x 96.7% [running emissions] + 3.3% [start
emissions]).
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3. The Urban Development/VMT Connection

Four different rich empirical literatures inform the discussibarban development and its
impacts on VMT, the primary determinant of transportation-relat@ge@issions:

¥ aggregate travel studies, such as sprawl index research condu@ethfoiGrowth
America;

¥ disaggregate travel studies, such as Smart Growth Index ejastitinates;

¥ regional simulation studies, such as PortlandOs LUTRAQ (Land tasesportation, Air
Quality) study; and

¥ project simulation studies, such as the EPAOs Atlantic Stdgl s

In this chapter, we review each literature in turn and presdet-of-magnitude effect sizes. For
two literaturesNdisaggregate travel studies and regional simulatimiesNthe sample of
studies is large enough to permit meta-analyses of study resufistadanalysis is a special kind
of literature synthesis, conducted most often in scientifidgidk is more than a literature
review, as it generalizes across studies quantitatively, takiingdual studies as units of
analysis and combining study results to arrive at average effestasizl confidence intervals.

The different literatures provide a consistent picture. Compactapement has the potential to
reduce VMT per capita by anywhere from 20 to 40 percent relatsgréovl. The actual
reduction in VMT per capita will depend on the specific form of pact development, as
outlined in the following sections.

3.1 Aggregate Travel Studies

For decades, it has been known that compact areas have lowepfeugtsmobile use per
capita and greater use of alternative modes of transportation tispnasding areas. They also
tend to generate shorter trips. The combined effect is signifydast VMT per capita in
compact areas (see Figure 3-1). This fact has been documentddmmstly by Newman and
Kenworthy (1989a, 1989b, 2006, 2007), Holtzclaw (1991, 1994), and Holtzclaw(20@).
This same-shaped exponential decline in vehicular travel with desméitynd in many data
series (see Figures 3-2 and 3-3 for communities in the Baltianeeeand for higher-income
cities worldwide).
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Figure 3-1 Vehicle Miles Traveled per Household for Neightrhoods in the San Francisco
Metropolitan Area
Source: Holtzclaw et al. 2002.

Figure 3-2 Vehicle Miles Traveled per Capita versus Regential Density for Baltimore
Neighborhoods
Source: Baltimore Metropolitan Council, 2001 Travel Survey.
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Figure 3-3 Vehicle Kilometers Traveled per Capita versugctivity Intensity for 58 Higher-
Income Cities Source: Newman and Kenworthy 2006.

Four facts, however, preclude broad generalizations about urban develgattems and fuel
consumption or C@emissions. First, dense areas may experience more congestiowand |
travel speeds than sprawling areas, hence lower vehicle fuel ecémowlyatever VMT they
produce. Second, dense areas may have different population charestid¥ast sprawling areas,
differences that could confound urban development and travel relationBhius.density is
only one aspect of urban form, albeit an important one. Urban sigrdefined more broadly as
any development pattern in which homes, workplaces, stores, schootghandctivities are
widely separated from one another. Fourth, any relationships that appgaregate statistics
for neighborhoods, cities, or metropolitan areas would not necessarijytapptiividual
households, the ultimate travel decision mak&rs.

In a paper entitled OThe Transport Energy Trade-Off: Fuel-Eifi€iaffic versus Fuel-Efficient
Cities,0 Newman and Kenworthy (1988) addressed the first of théi$erguad hey concluded
that the lower VMT in compact areas overwhelms any effecveéil vehicle fuel economy (see
Figure 3-4). They subsequently substantiated this relationship for maeryptdces (Newman
2006; Newman and Kenworthy 2006, 2007).

# This is due to the so-called ecological fallackie®cological fallacy is a widely recognized eiirothe
interpretation of statistical data, whereby inferem about individuals are based solely upon agtgegatistics for
the group to which those individuals belong.
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Figure 3-4. Per Capita Gasoline Consumption in Inner and Ouer Portions of the New
York Metropolitan Area
Source: Newman and Kenworthy 1988.

The second qualifier is not so easily dismissed. In Figures 3-2 thBadgresidential density is

not the only characteristic that distinguishes Taneytown from Gh&tteet in the Baltimore
metropolitan area, or one higher-income city from another, or the amueouter areas of the

New York metropolitan area. Culture, socioeconomics, demograplaosittavailability, and

even gas prices could account for most or all of the differenqeey icapita vehicle use. Critics

of these early studies argued, correctly, that until these @ttier$ were controlled, the
independent effect of urban development patterns would be unknown and unknowable-(Gome
Ibanez 1991; Gordon and Richardson 1989).

Likewise, the third qualifier also is not easily dismissegolbr accessibility is the common
denominator of sprawl, then sprawl is more than low-density developfrtesnterm also
encompasses scattered or leapfrog development, commercial stigpdesmet, and single-use
development such as bedroom communities. In scattered or leapfrog develapsidents and
service providers must pass vacant land on their way from one develepdd another. In
classic strip development, consumers must pass other uses on tinerwaype store to the next;
this is the antithesis of multipurpose travel to an activityaerei a single-use development, of
course, different uses are located far apart as a reshi eégregation of land uses. Poor
accessibility also could be a product of fragmented street nettakseparate urban activities
more than need be (see the photos below of sprawling development patterns).
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Sprawling development patterns include low-density and single-use develofopéeit),
uncentered strip development (top right), scattered and leapfrog develofirottoin left), and
sparse street networks (bottom right).

The fourth qualifier has led to a host of studies using disaggregaé tlata; that is, data for
individuals or households. Such studies are summarized in sectioBr, the focus is on
aggregate relationships, where the unit of analysis is the place.

3.1.1 Measuring Urban Sprawl

Around 2000, researchers began to measure the extent of urban sprawhifldleattempts

were crude. For examplgSA Todailon the basis of an index presented in its February 22,
2001, issueNdeclared: OLos Angeles, whose legendary traffic congestispraad-out
development have epitomized suburban sprawl for decades, isnOt smgatieviall. In fact,
Portland, OR, the metropolitan area that enacted the nationOstaumgiyeowth laws, sprawls
more.O Indeed, accordingdSA Toda{s index, even the New York metropolitan area sprawls
more than Los Angeles (Nasser and Overberg 2001).

The most notable feature of these early studies was theirefaiutefine sprawl in all its

complexity. Population density is relatively easy to measure, ane lsemeed as the sole
indicator of sprawl in several studies. Judged in terms of averageapopuensity, Los
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Angeles looks compact; it is the endless, uniform character oftjt@s density that makes it
seem so sprawling. Another notable feature of these studieteveddly different sprawl
ratings given to different metropolitan areas by different analyéts. the exception of Atlanta,
which always seems to rank among the worst, the different vegiabésl to measure sprawl led
to very different results. In one study, Portland was ranked ascmogtact and Los Angeles
was way down the list. In another, their rankings were essgniaiersed.

Meanwhile, others were developing more complete measures of urlban. <palster et al.
(2001) characterized sprawl in eight dimensions: density, continuityestration, clustering,
centrality, nuclearity, mixed use, and proximity. The conditionNsphwas defined as a
pattern of land use that has low levels in one or more of thesasionse. Each dimension was
operationally defined, and six of the eight were quantified for 13 urbdrreas. New York and
Philadelphia ranked as the least sprawling of the 13, and Atladti&liami as the most
sprawling.

Since then, Galster and his colleagues have extended their sprasureseto 50 metropolitan
areas, and are closing in on 100. Their recent work confirmsutiglmensional nature of
sprawl. In one study, metropolitan areas were ranked in 14 diomsnsiome related to
population, others to employment, and still others to both (Cutsinger2€0&). The 14
dimensions were reduced to seven factors through principal componentssaivdyopolitan
areas ranking near the top on one factor were likely to rank nelwottioen on another. Los
Angeles, for example, ranked second on both Omixed useO and Ohousiityg, Ocioita48th on
OproximityO and 49th on Onuclearity.O With so many variables arid eaotes, this type of
analysis can get very confusing.

Building on this work, Cutsinger and Galster (2006) identified foumdissprawllike patterns
among the 50 metropolitan areas: 1) deconcentrated, dense areagfrayjlareas; 3) compact,
core-dominant areas with only moderate density; and 4) dispersedSireasnone of the 50
metropolitan areas exhibited uniform sprawllike patterns in all asoas, the authors judged it
incorrect to treat sprawl as a single phenomenon.

Multidimensional sprawl indices also were developed for the U.8.dfld Smart Growth
America. They defined sprawl as any environment with 1) a populataely dispersed in low-
density residential development; 2) a rigid separation of homes, stmapw/orkplaces; 3) a lack
of major employment and population concentrations downtown and in suburban taens ce
and other activity centers; and 4) a network of roads marked byargeyblock size and poor
access from one place to another. These indices were usedsirengaraw! for 83 of the
nationOs largest metropolitan areas (Ewing, Pendall, and Cher2@08),

Principal components analysis was used to reduce 22 land use andetiveek variables to
four factors representing these four dimensions of sprawl, each feing a linear combination
of the underlying operational variabfésThe four factors represent a balanced scorecard of

21 OResidential densityO was defined in terms of grad net densities and proportions of the pomudiving at
different densities; seven variables made up thieapelitan density factor. OLand use mixO was elefim terms of
the degree to which land uses are mixed and balanitkin subareas of the region; six variables magl¢his
factor. ODegree of centeringO was defined as tlet éx which development is focused on the regi@ofe and
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sprawl indicators. ODensityO and Omix,O while correlatedryadifferent constructs, as are
OcenterednessO and Ostreet accessibility.O The four faetomswiéned into an overall
metropolitan sprawl index.

A simpler county sprawl! index also was developed to measure therbuitireanent at a finer
geographic scale, the individual county. This index is a linear comtanattisix variables from
the larger set, these six being available for counties, whe@ag ohthe larger set were
available only for metropolitan are&dnitially calculated for 448 metropolitan counties
(McCann and Ewing 2003), the index is now available for 954 metropolitan eswntcounty
equivalents representing 82 percent of the nationOs population (EwingsBnpand Berrigan
2006).

All sprawl indices were standardized, with mean values of 100tandasd deviations of 25.
The way the indices were constructed, the bigger the value of the thderpre compact the
metropolitan area or county; the smaller the value, the more lspgdate metropolitan area or
county. Thus, in the year 2000, the New York metropolitan statistiea had an index value of
178, while Atlanta had a value of 58. Manhattan had an index value of BB2 Geauga
County (outside Cleveland) had a value of 63 (see photographs below).

regional subcenters; six variables made up thimfa®Street accessibilityO was defined in terrttsedength and
size of blocks; three variables made up this factor

2 The six variables are as follows: 1) gross popatatiensity (persons per square mile); 2) percentddhe
county population living at low suburban densitigsecifically, densities between 101 and 1,499qerper square
mile, corresponding to less than one housing waritgore; 3) percentage of the county populationgdivat moderate
to high urban densities, specifically, more tharb0R persons per square mile, corresponding totabght
housing units per acre, the lower limit of densigeded to support mass transit; 4) the net deimsityban areas,
which was derived from the estimated urban land &weeach county; 5) average block size; and 6)greage of
blocks with areas less than 1/100 of a square mhiéesize of a typical traditional urban block bdad by sides just
over 500 feet in length.
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Satellite photographs show the nationOs most compact countyNNew York Csorkgpaln as
ManhattanNat left and its most sprawling countyNGeauga County, OhioNat right Bot
photographs are presented at the same scale.

Source: www.maps.google.com

3.1.2 Relating Urban Sprawl to Travel Outcomes

The study for the EPA and Smart Growth America analyzedaekdtips between sprawl and
various travel outcomes. The overall sprawl index showed strong aisticattly significant
relationships to six outcome variables. All relationships wetkdrexpected directions. As the
index increases (that is, as sprawl decreases), averageevahligrship, daily VMT per capita,
the annual traffic fatality rate, and the maximum ozone lev@kdse to a significant degree. At
the same time, shares of work trips by transit and walk made=ase to a significant degree.

The significance of these relationships rivaled or, in some cases|ly exceeded that of the
sociodemographic control variables. The index was the only variable#gato the level of
statistical significance for walk share of work trips and mmaxn ozone level, and had the
strongest association to daily VMT per capita and the annual tfaiffility rate. It had
secondary, but still highly significant, associations with averageheetnvnership and transit
share of work trips.

Obviously, these relationships are not independent of each other. Thddeglef vehicle
ownership in dense metropolitan areas contributes to higher mode felnaiésrnatives to the
automobile. These, in turn, contribute to lower VMT, which contribtddswer traffic fatalities
and ozone levels. Because of the different data sources, unitdysigrend sample sizes, it
would be treacherous to model the causal paths among these outcolvles/aBiat, intuitively,
they should be related as indicated.
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3.1.3 Sprawl versus VMT

The relationship between the overall metropolitan sprawl index and MM Tapita is plotted in
Figure 3-5. The simple correlation is significant. The more cotrgpaarea (the larger the index
value), the lower the VMT per capita.

Figure 3-5 Simple Correlation between Daily VMT per Capitaand Metropolitan Sprawl
Index*
Source: Ewing, Pendall, and Chen 2002.

*Larger index values = less sprawl.

Recall that the overall sprawl index is composed of four factierssity, mix, centeredness, and
street accessibility (as discussed in section 3.1.1). The yléasdior has the strongest and most
significant relationship to travel and transportation outcomesHigeee 3-6). It has a significant
inverse relationship to average vehicle ownership, VMT per cagathg tfatality rate, and
maximum ozone level, and a significant direct relationship to publsprortation and walk
shares of commute trips. With the exception of the traffidifatate, all relationships are
significant at the 0.01 probability level or beyond.

To illustrate the strength of density relationships, a 50-unit isergathe density factor (from
one standard deviation below average to one standard deviation above asaasg@jiated
with a drop of 10.75 daily VMT per capita (50 x ©0.215). That is, adinty for metropolitan
population, per capita income, and other factors, the differenced&etaw- and high-density
metropolitan areas is more than 10 VMT per capita per day, orrd@mpeFifty units is roughly
the difference in density between San Francisco (denser) andnigtashiD.C. (less dense), or
between Chicago (denser) and St. Louis (less dense).

The centeredness factor has the next most significant environmehtahce on travel and

transportation outcomes. It is inversely related to annual delasapéa and traffic fatality rate,
and is directly related to public transportation and walk sharesnoiute trips. These
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associations are in addition toNand independent ofNthose of density, whicbritrolled in the
same equations.

The relationship between degree of centering and VMT per cajuist short of significant at
the 0.05 level. A 50-unit increase in the centeredness factor ¢inerstandard deviation below
the average to one standard deviation above) is associated witdaal2\BMT per capita (50 x
D0.0462), about one-quarter the change associated with the densitylfaztwo effects are
additive. Fifty units is roughly the difference in degree of cemgoetween New York (more
centered) and Philadelphia (less centered), or between Portlarel ¢emtered) and Los Angeles
(less centered).

Figure 3-6 Transportation Outcomes versus Sprawl Factors*
Source: Ewing, Pendall, and Chen 2002

Transportation Outcomes
Mean
Vehicles | Transit Walk |Travel| Annual VMT per Fatalities | Peak
per Share of | Share of | Time |Delay per Ca i?a per 10,000( Ozone
Household| WorkTrips WorkTripg to Capita P Population| Level
Work

Density P D - - P D D pb
factor
Mix factor b b +
Centers pD ++ -+ D D B D B
factor
Streets facto ++ ++
Metro . + ++ + ++
population
Average
household + ++ ++
size
Percentage
of working ++ ++ +
age
Per capita -+ + B
income
Adjusted R? 0.56 0.67 0.36 0.61 0.63 0.28 0.44 0.40

*+ indicates a positive relationship significantla¢ 0.05 probability level; ++ a positive relatshrip significant at the 0.01
probability level; B a negative relationship sigraft at the 0.05 probability level; and b b a tregaelationship significant at
the 0.01 probability level.

The mix factor is significant for only three transportation outcrae a mitigating influence on
travel time to work and fatal accidents and an aggravating influntdee maximum ozone
level. The big surprise is that land use mix does not significaffeict other outcomes,
including VMT per capita. It may be that land use mix has not beeessfally operationalized
because of problems with the underlying data sets (Ewing, Penda@hand2002).

The streets factor is significant for two transportation outsprakeit just barely and with
unexpected signs. Average travel time for commute trips and anrftialdeday per capita are
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directly related to the streets factor. Perhaps the reasdhi$ counterintuitive result is that the
additional intersections in metro areas with dense streettgaitidate into more total delay,
since most delays occur at intersections rather than on thénetétetween them. This is the
conventional wisdom among traffic engineers. In any case, stréetnsaappear to be much less
important than land use patterns as correlates of travel argphdraation outcomes.

3.1.4 Sprawl versus Congestion

It has been argued that the dispersal of jobs and housing allodesntssio live closer to their
workplaces than they could if jobs were concentrated in downtown and ettiersc It also has
been argued that the dispersal of jobs and housing eases traffic mmniggstispersing origins
and destinations. These effects, if dominant, would lead to shigpseand less congestion in
sprawling metro areas. But the dispersal of jobs and housing alseesugiyin jobs/housing
imbalances across the region, cross commuting, and significanty\rF per capita than
with more compact urban development. The average commute has beenstgiiiiyg longer in
miles and minutes (Hu and Reuscher 2004). The net effect of spmavaffic congestion is
unclear a priori.

Evidence from aggregate travel studies suggests that density aggcavegestion, but not
much. One study found that congestion rises with population density for canrfiakfornia
(Boarnet, Kim, and Parkany 1998). Urbanized counties as a groupeseangested than rural
counties. However, this same study found Osurprisingly congested counies #ither rural
or on the fringe of urban areas.O These fringe counties genaraté Y¥MT. We reanalyzed
congestion data from that study and, excluding one outlier, computed aritglabtongestion
with respect to density of 0.14.

Another study found little relationship between density and commutertithe largest urban
areas (Gordon, Kumar, and Richardson 1989). OTravel times may be tglg-ior low-density
cities (e.g., New York or Houston) or short (e.g., Los Angetd3allas).O Basically, shorter trips
and mode shifts in dense areas largely offset any effect of kpeeds.

The Texas Transportation InstituteOs Urban Mobility database fop&tiaed areas also shows
a weak relationship between density and congestion (Schrank and LomaxTZ00&gasures
congestion in terms of a travel time index; that is, the rattcagel time in the peak period to
travel time at free-flow conditions. A value of 1.35 indicated &« 20-minute free-flow trip
takes, on average, 27 minutes in the peak period. In a cross-deatialyais for 2003, the last
year in the series, the elasticity of travel time witlpees to population density is 0.085. This
elasticity estimate controls for population size because bigges béive more congestion
regardless of their urban form. In a longitudinal analysis forahees35 urbanized areas using
the full TTI data series (1982 to 2003), the elasticity of chang@awel time with respect to
change in density is 0.107. This elasticity estimate controls for gpuigrowth because fast-
growing areas have more congestion regardless of how they grow.

Such studies have been criticized for focusing on only one dimensioraafl sPOther land use
dimensions are less well studied in a comparative framewonkhile it is believed that land
use patterns may play an important role in mitigating or slowingrbwth of congestion in
urban areas, few studies have explored the relationship between déagadusongestion across
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more than a small number of urban areas or examined multiple eeasland use beyond
population densityO (Sarzynski et al. 2006).

In the Smart Growth America study, sprawl factors pulled in oppdsietions (Ewing,
Pendall, and Chen 2002, 2003). The overall sprawl index was not sigmyficglated to either
average commute time or annual traffic delay per capita. Botbroetcwere a function
primarily of metropolitan area population, and secondarily of other sonmgi@phic variables.
Big metro areas generate longer trips to work and higher levelstiid tongestion. After
controlling for population size and other sociodemographic variables, |qjoraevall) did not
appear to have an effect on average commute time or annual dedficper capita.

Using the same overall metropolitan sprawl index as Ewing, PeaddllChen (2002), Kahn
(2006) divided metropolitan areas into four categories and found thaiyeetaworkers in
compact metro areas, workers in sprawling ones commute arlekirales each way. But their
commute is still 4.3 minutes shorter; the extra commute distamaere than offset by higher
travel speeds. Indeed, commute speed is estimated to be 9entileur higher in the
sprawling metro areas.

Why is there a difference in the sprawl/commute time aiahip between two studies that test
the same overall sprawl index? The first study uses U.S. Cemsusute data, the second
American Housing Survey commute data. The first study treats Ispsaavcontinuous variable,
the second as a categorical variable. Whatever their differdmmtbsstudies suggest higher
VMT in sprawling metro areas than in compact ones.

Another recent study, by Galster and colleagues, related seven idinsenissprawl to traffic
congestion for 50 large metropolitan areas in 2000 (Sarzynski et al. Zag@jolling for 1990
levels of congestion and changes in an urban areaOs transportation aetwet&vant
demographics, the study found that density and housing centrality were ppséiated to year
2000 delay per capita and that housing/job proximity was negatively retayedrt 2000
commute time.

Differences between this and earlier studies may be due todlw asagged model structure,
different land use measures, or a different sample of metrapalieas. Since Sarzynski et al.
were unable to study the effect of land use changes between 1990 ancb2Cik (bf sprawl
indices for 2000), it is hard to interpret the coefficients @ggéd model. Relationships to delay
could be bogus in all of these studies, since the delay measure usesymne comes from the
Texas Transportation Institute and is imputed rather than actuadlgured in the field.
Considering all the evidence from aggregate travel studiesghs®nable to assume some drop
in average travel speeds with rising density. From this literaitge&annot draw any conclusions
about travel speeds versus land use mix or other dimensions of sprawl.

3.2 Disaggregate Travel Studies

Land use/travel studies date from the early 1960s, when urban densfigstvstsown to affect
auto ownership, trip rates, and travel mode shares. Around 1990, hessdregan to use
disaggregate travel data for individuals or households; made samnet@iontrol for other
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influences on travel behavior, particularly the socioeconomic statusvelers; and tested a
wider variety of local land use variables than had earlier fudie

The relationship between urban development patterns and individual or housae|ltids
become the most heavily researched subject in urban planning. The&@aclose to 100
empirical studies conducted with a degree of rigorNthat is, wittedesample sizes,
sociodemographic controls, and statistical tests to determingtiiicance of the various
effects (see literature reviews by Badoe and Miller (2000n€¢a000); Ewing and Cervero
(2001); Saelens, Sallis, and Frank (2003); and Heath et al. (2086)yast majority of these
studies show significant relationships between development patternsiagidehavior. Today,
only the direction of causality and strength of effects seemsgerhmisly debated.

When funding from public health sources became available after 2088ingaesearchers
morphed into physical activity researchers, and the literatuve gren further (see reviews by
Frank (2000), Frank and Engelke (2001, 2005), Lee and Moudon (2004), Owe2@04),
Badland and Schofield (2005), and Handy (2006)). Both types of physical activityNf
transportation and for exerciseNwere studied together for thetifingt, and the physical
environment was measured comprehensively in terms of development partiepisysical
activity settings (see Figure 3-7). Again, nearly all studies shgmficant relationships. And,
again, the debate is mainly over the direction of causality anct sffes. A special Winter 2006
issue of thelournal of the American Planning Associatiwas devoted to this new research.

Figure 3-7 Causal Pathways Linking the Built Environment to Health
Source: Ewing et al. 2003.

3.2.1 Accessibility Again

The concept of sprawl seems particularly tailored to larges awgzh as metropolitan areas and
their component counties. The degree to which employment is concentraentral business
districts or suburban centers, for example, is a charactesfstic entire metro area, not of an
individual community or neighborhood. Yet there are analogous measurebdoeas as small
as neighborhoods (see Figure 3-8), and these analogous measures hawelieekein slepth for
their relationships to trip frequency, trip distance, and mode €hoic
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Figure 3-8 Neighborhoods with Different Designs and TraveCharacteristics in Chapel
Hill, North Carolina
Source: Khattak and Rodriquez 2005.

Accessibility influences the way household needs are met tintoangel. Two types of
accessibility have been shown to be significant. Onesis eBaccess to activities from oneOs
place of residence, the other ease of access totiastifrom other activities.

Residential accessibility affects the destination, naodg arguably, even the frequency of home-
based trips. It has been the focus of nearly all travel andigdiactivity research. However, the
relevant environment for many trips is someplace other thare hldonbhome based trips
account for 25 to 30 percent of trips in most urban areas, and ttenfage is growing as
peopleOs complex lives cause them to link trips into cartgules.

Trip chaining, or the linking of trips into tours, has beemeasing over time (Levinson and
Kumar 1995; McGuckin, Zmud, and Nakamoto 2005). Trips are morg ligdde linked into
long tours in areas of poor residential accessibility, simplyusecthis is a way for households
living in sprawl to economize on travel (Ewing, Haliyur, and Pl&f#; Ewing 1995; Krizek
2003; Limanond and Niemeier 2004; Noland and Thomas 2006). The mordisptaw area, the
more important it becomes to concentrate common destinatiaesters, so a single auto trip
can meet multiple needs. Conservatively, the ability totlifds in tours cuts overall household
travel by 15 to 22 percent relative to separate trips fosah®ee purposes (Oster 1978).
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3.2.2 Measuring the Five Ds

In travel research, urban development patterns have come to betetized by ODO variables.
The original Othree Ds,O coined by Cervero and Kockelman (199¥naity, diversity, and
design. The Ds have multiplied since then, with the addition édihaéésn accessibility and
distance to transit. If we could think of an appropriate labekipgusupply and cost might be
characterized as a sixth D.

Density usually is measured in terms of persons, jobs, or dweflargsnit area. Diversity refers
to land use mix. It often is related to the number of diffeleerd uses in an area and the degree
to which they are ObalancedO in land area, floor area, or empldyeségh includes street
network characteristics within a neighborhood (see Figure 3-9gt®iévorks vary from dense
urban grids of highly interconnected, straight streets to sparse salmatveorks of curving
streets forming Oloops and lollipops.O Street accessibility usuakasured in terms of average
block size, proportion of four-way intersections, or number of inteosecper square mile.
Design also is measured in terms of sidewalk coverage, buildivackst streets widths,
pedestrian crossings, presence of street trees, and a hostr gftytbieal variables that
differentiate pedestrian-oriented environments from auto-oriented ones

Figure 3-9 Destinations within One-Quarter Mile of Cener for Contrasting Street
Networks in Seattle
Source: Moudon et al. 1997.

Destination accessibility is measured in terms of the numblebsfor other attractions
reachable within a given travel time, which tends to be highestatal locations and lowest at
peripheral ones. Distance to transit usually is measured from dvowark to the nearest ralil
station or bus stop by the shortest street route.
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3.2.3 D Variables versus VMT and VT

The D variables have a significant effect on the overall VMT\&haf individuals and
households, mostly through their effect on the distance people travéleamobtles of travel they
choose (Ewing and Cervero 2001). Trip frequencies appear to be prienamnction of
travelersO socioeconomic and demographic characteristics and sicarfdadtion of the built
environment; trip lengths are primarily a function of the built envirariraad secondarily of
socioeconomic and demographic characteristics; and mode choices depend throbgth
probably more on socioeconomics.

Trip lengths are generally shorter at locations that are moessible, have higher densities, or
feature mixed uses. This holds true for both the home end (thedigdential neighborhoods) and
nonhome end (activity centers) of trips. Alternatives to the autdenclaim a larger share of all
trips at higher densities and in mixed-use areas. Walk mode sharese to 20 percent or more
in mixed-use neighborhoods even without high-quality transit servicé-igee 3-10).

These studies indicate that transit use varies primarily ol densities and secondarily with
the degree of land use mixing (see Figure 3-11). Some of the defsityigfno doubt, due to
shorter distances to transit service. Walking varies as mubhthetdegree of land use mixing as
with local densities (see Figure 3-12). An unresolved issue ihyehiite relationship of density
to travel behavior is due to density itself or to other variabldswiiich density co-varies, such
as good transit service, limited parking, and so forth.

Figure 3-10 Built Environment and Mode Shares of Metro Squag in Sacramento,
California
Source: NRDC 2000.
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Figure 3-11 Effects of Density and Mixed Use on Choice ofdnsit for Commutes*
Source: Cervero 1996.

*Data for more than 45,000 U.S. households showastsit use primarily dependent on density of dgwelent. At higher
densities, the addition of retail uses in neighbods was associated with several percentage piginéhlevels of transit
commuting across 11 U.S. metropolitan areas.

Figure 3-12 Effects of Density and Mixed Use on Choice of WBike for Commutes*
Source: Cervero 1996

*Rates of walk and bicycle trips (for a one-mileni@to-work trip) are comparable for low-density xed-use neighborhoods as
compared with high-density, single-use ones, cdirtgofor vehicle ownership levels.

The third DNdesignNhas a more ambiguous relationship to travel behaviordbahe first

two. Any effect is likely to be a collective one involving multigiesign features. It also may be
an interactive effect involving land use and transportation variakiésislthe idea behind
composite measures such as Portland, OregonOs Opedestrian envaotor@rand
Montgomery County, MarylandOs Otransit serviceability indexO (seeFig)réortlandOs
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pedestrian environment factor is the sum of four variables relatEdease of street crossing, 2)
sidewalk continuity, 3) street network connectivity, and 4) topograpbgailtse of the subjective
nature of these variables, the pedestrian environment factor hasepksaed with an Ourban
design factor,O which is a function of intersection density, regtldensity, and employment
density.

Figure 3-13 Values of the Urban Design Factor across the Ptaihd Metropolitan Area
Source: Portland Metro.

For 14 carefully controlled travel studies, Ewing and Cervero (2001hesined the literature by
computing elasticities of VMT and VT with respect to the fiostr DsNdensity, diversity,
design, and destination accessibility. These summary measureseceporated into the EPAOs
Smart Growth Index (SGI) model, a widely used sketch planning totilaleel and air quality
analysis. In the SGI model, density is measured in terms dergsiplus jobs per square mile;
diversity in terms of the ratio of jobs to residents relativiaéoregional average; and design in
terms of street network density, sidewalk coverage, and routengissctwo of three measures
relating to street network design). These are just a few ohéimy ways in which the 3Ds have
been operationalized at the neighborhood level (see literature ré&xaing and Cervero 2001).

Figure 3-14 presents elasticities of VT and VMT with respethé four Ds. An elasticity is a
percentage change in one variable with respect to a 1 percent chamgehier variable. Hence,
from the elasticities presented in Figure 3-14, we would expgatilaling of neighborhood
density to result in approximately a 5 percent reduction in bothndTVaMT, all other things
being equal. The effects of the four Ds captured in this tablewanulative. Doubling all four

Ds would be expected to reduce VMT by about one-third. Note that stei®aof VMT with
respect to destination accessibility is as large as the thileer combined, suggesting that areas
of high accessibilityNsuch as center citiesNmay produce substantiedet VMT than dense
mixed-use developments in the exurbs.
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Figure 3-14 Typical Elasticities of Travel with Respect totte Four Ds
Source: Ewing and Cervero 2001.

Vehicle Trips | Vehicle Miles Traveled
(VT) (VMT)

Local Density b .05 b .05

Local Diversity (Mix) b .03 b .05

Local Design b .05 b .03

Regional Accessibility bb b .20

3.2.4 Meta-Analysis of Disaggregate Travel Studies

Since Ewing and CerveroOs 2001 literature review, the publismatlitigeon the built
environment and travel has mushroomed. A more recent review idedtifipublished studies
of the built environment and travel, and selected 17 that met minmmetimodological and
statistical criteria (Leck 2006). While the analysis stopped sti@stimating average effect
sizes, it did evaluate the statistical significance of iciahips between the built environment
and travel. Residential density, employment density, and land useerexeound to be inversely
related to VMT at the p < 0.001 significance level.

The number of rigorous studies now exceeds 100, including studies examiningfiearir
variables at once, studies comparing travel behavior across natigties focusing on children,
and studies accounting for residential preferences that may confouitd.réke EPA is funding
a full-blown meta-study of this ever-expanding literature, whichsuinmarize the most
pertinent literature qualitatively and, using standard methods tafamalysis, will combine
individual study results into average elasticities or percentage gujugtments oVMT, VT,

and transit use and walking with respect to the D variables. damde intervals will be
computed for the average values. These summary measures will becaitable for sketch
planning applications.

3.3 Regional Growth Simulations

In the Oold days,O metropolitan planning organizations (MPOs) develdpethtiseby testing
different transportation alternatives against a single future lantbuscast. One alternative
might have more highways, another more transit or a new beltwagrerarterial street
improvements. But future land use patterns were always assurpedixed.

Future land use projections typically were extrapolations of readd, assumed to be
unaffected by additions to urban infrastructure, most importantlyabgportation
improvements. In other words, future land use patterns weredraafexed inputs into the
analysis, not as variables or possible outcomes.

All that changed in the early 1990s with the advent of regional sogularining, which matches

alternative land use plans with alternative transportation planseThans are run through
simulation models to project impacts on VMT, land consumption raitegpllutant emission
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levels, housing affordability indexes, and other outcome measuresoty,ttiee most cost-
effective plan is adopted.

3.3.1 The Rise of Scenario Planning

Scenario planning got a major boost from the well-publicized succé&ssritdnd, OregonOs
Land Use, Transportation, Air Quality (LUTRAQ) study, which edlfor combining light-rail
investments with transit-oriented development and travel demand masragauticies (1000
Friends of Oregon 1997). Portland Metro, the regional government, turnedadmeposed
western bypass beltway in favor of the LUTRAQ plan when regionadltfarecasts showed the
LUTRAQ alternative would produce significantly fewer VMT and lowarels of congestion
than would trend development with the new freeway (see Figure 3-15).

Figure 3-15 The LUTRAQ Plan for the Western Portland Metio
Source: 1000 Friends of Oregon 1997.

The number of scenario planning studies undertaken in the United Isiatggown dramatically
since LUTRAQ (see Figure 3-16). Regional scenario planning hadiwaesli from state-of-the-
art to state-of-the-practice at MPOs (Ewing 2007). Such statliehave become common
outside the United States (Johnston 2006). In fact, many advances iateddgnd
use/transportation modeling have come from outside the United States.

80



Figure 3-16 Number of Scenario Planning Projects by CompletioDate
Source: Bartholomew 2007.
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3.3.2 The Scenario Planning Process

The typical scenario planning process compares a OtrendO scemagiortonore alternative
future OplanningO scenarios. In the trend scenario, urban developmearispudtttion
investment patterns of the recent past are assumed to continue ti@yp¢dnning horizon (20
to 50 years in the future). The trend scenarioNusually some versiorbah sprawlNis
assessed for its impacts on VMT and other regional outcomes.

This is followed by the formulation of one or more alternative &guhat vary with respect to
land use and transportation. Compared to the trend scenario, the plalteingtives usually
have higher gross densities, mix land uses to a greater extet, @matinel more development
into urban centers. They may incorporate a variety of transportafrastructure investments
and pricing policies. One alternative may invest more in transis lianother might invest more
in high-occupancy-vehicle (HOV) lanes.

These alternative scenarios are then assessed for theitsmpeng the same travel forecasting
models and same set of outcome measures as with the trendocscéehicle miles traveled is
almost always among the outcomes forecasted. The resulting campafrscenarios can
provide the basis for rational urban policy development.

3.3.3 Case Study: The Sacramento Region Blueprint S tudy

A leading example of scenario planning technique comes from the Satoamgion. Concerned
about dispersed future growth patterns, housing, transportation, and &y, go@lSacramento Area
Council of Governments initiated the Sacramento Region Blueprint TraaspoPLand Use Study to
craft a future growth strategy for the region (SACOG undate@n&ios were constructed through a
bottom-up process, starting at the neighborhood level. At a seriemeidthborhood workshops,
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citizen participants were shown future Obusiness as usualO dewelsgenarios for their
neighborhoods. Participants then were asked to develop a series tofjrwain alternative scenarios,
which were fed into a geographic information systems (GIS) muaglpliogram that provided real-
time assessments of each scenarioOs land use and transponaidis im

The neighborhood scenarios provided the basis for countywide scenarioscéfarics were crafted
for each of the regionOs six countiesNa trend scenario plus treretiltes that combined different
growth rates, land use mixes, housing types, densities, and idéllepment proportions. These
scenarios were analyzed for their land use and transportation sngaetting information for several
countywide workshops. The output of those workshops provided the basis forgiomatescale
scenarios. Regionwide workshops then led to the creation of a fiftarsoEwith a substantially
smaller urban footprint than the so-called base case or trendNtiraately was selected as the
preferred option (see Figure 3-17).

Figure 3-17 Urban Footprints of Base Case and Preferred 8oarios for the Sacramento,
California, Region
Source: SACOG (2005).

As illustrated in Figure 3-18, transit use and walking/bicyclingease and VMT decreases in the
Sacramento region as the levels of density and infill developmeerts®rThe preferred scenario
from the blueprint project is now being implemented through amendmenotsatgbvernment land
use plans and through the regionOs long-range transportation plan.
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Figure 3-18 Selected Data for Scenarios from the SacramerR&gion Blueprint Study
Source: SACOG (2005).

Scenarios SinglefFamily: | % Housing | % Auto | % Transit| % Walk/B| Daily VM
Multif amily Hoy Growth thro| Trips per Hous

Infill
A: Business as usual (tren 75:25 27.0 91.0 1.6 7.3 51.08
B: Higher housing densitiq 67:33 39.0 83.2 4.0 12.7 37.60

A, with growth focused at
urban fringe

C. Higher housing densiti¢ 65:35 38.3 81.8 4.8 13.4 36.70
A, with growth focused on
central infill sites

D: Higher housing and 64:36 44.0 79.9 4.8 15.3 35.70
employment densities, wit
growth focused on central
sites

Preferred Scenario 65:35 41.0 83.9 3.3 12.9 34.9

3.3.4 A Sample of Regional Scenario Studies

An open-ended survey was conducted in 2003/2004 to gather information on curneastand
scenario planning practices (Bartholomew 2007). The survey initialysemat to the planning
directors of 658 member organizations in the National Associati®egional Councils
(NARC). Additional surveys were sent to members of the Assoniati Metropolitan Planning
Organizations that were not also NARC members. Responses waotkariveys were
supplemented by hundreds of e-mails, telephone calls, and Internéieseaesulting in an
initial data pool of 153 studies.

This initial pool was subjected to a threshold analysis to daeterminether the studies actually
used land use/transportation scenario planning techniques. The pris@mniiating criterion
was whether future land use inputsNsuch as the density, diversiigndesid destination
accessibility of growthNvaried across scenarios. Those that hettliuae patterns static were
excluded from the data set. This left a total of 80 studiesadmgeographically across the
country. Large and fast-growing regions are overrepresented in tpéesam

Most studies test three or four scenarios (including a tremdugog that vary in density, mix,
and arrangement of future land uses. Half of the studies alsategs@ative transportation
infrastructure investments. Twelve incorporate a transportatiomg@rélement. Three-quarters
of the studies evaluate scenarios for transportation impacts;tharéalf for impacts on open
space and resource lands; 33 for impacts on criterion air pollut@fis; impacts on fuel use;
and ten for greenhouse gas emissions (Bartholomew 2005).
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A subset of 23 studies was selected for this publication, basedeenctiteria: simulations
conducted at the regional scale, consistent population and employmeradotalsthe
scenarios, and availability of data for all scenarios on density, ggapubrowth, and VMT.
Together, these studies tested a total of 85 regional developmerricai¢one trend scenario
per study, plus 62 planning scenarios that could be compared to trend.

3.3.5 Differences across Scenarios

The percentage difference in regional VMT for each planning scenglatye to its respective
trend scenario, is shown in Figure 3-19. Each bar represenfsr@wlifplanning scenario; the
value shown is the percentage difference between that scenario atady@s trend scenario.
Across studies, the median reduction in regional VMT is 5.7 pencené too impressive.
However, there is wide variation in values across scenaras, 5.2 percent to B31.7 percent,
which suggests that regional growth patterns may have a substaptat imthe best case
scenario.

Why is there so much difference in VMT across scenarios? BantleoV identifies many of the
potential sources of variation that could be considered in a mdigsiandhese, with their
presumed impact on VMT, include the following:

¥ nature of the scenarios (denser, more mixed, and more centeragsrem bigger
VMT reductions);

¥ planning time horizon (longer horizons result in bigger VMT reductions);

¥ rate of growth (more growth that can be redirected results iniggeé reductions);

¥ reallocation of transportation dollars (higher transit investmeaststri@ bigger VMT
reductions); and

¥ addition of travel demand management strategies (higher costs of aueotreotal result
in bigger VMT reductions).

While a few planning scenarios are more dispersed than trergtgttemajority are more
compact (see Figure 3-20). The median increase in regional deihgignning scenarios over
trend is 13.8 percent. Here, again, there is wide variationsascesarios, from a 14.8 percent
lower density for the most dispersed scenario to a 64.3 percent Hagisty for the most
compact scenario.

The two variables are plotted against one another in Figure 3-2htidipated, this simple

scatter plot shows that higher scenario densities are assomittegieater VMT reductions
relative to the trend. The relationship appears strong and linear.
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Figure 3-21 VMT versus Density for 62 Planning Scenarios Relat to the Trend
Source: Bartholomew 2005.
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While much VMT reduction may be accounted for by higher densities, dfttersaround the
regression line in Figure 3.21 suggests that other factors alabwaoek. Figure 3-22 plots the
percent difference in VMT for each planning scenario relativeetad against the percent
population growth during the planning period for the metropolitan region asle {#from base
year to target year). Again, a correlation is apparent. Theéegtté@ increment of population
growth that can be redirected in a planning scenario, the gteatdifference in VMT. The
growth increment is a function of both planning horizon (the further loeitniore growth can be
reallocated) and growth rate (the higher the growth rate, the gnowth can be reallocated).
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Figure 3-22 Percent Difference in VMT versus Percenincrease in Population for
Planning Scenarios Relative to the Trend
Source: Bartholomew 2005.
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Other variables may contribute to VMT changes as well. Seweral represented by dummy
variables in this meta-analysis. A dummy variable is a varihllieassumes a value of one or
zero, depending upon whether a condition is met. Dummies are regidadyto represent
categorical variables in analyses such as this.

Lacking numeric data on these variables, we relied on narraticetass of scenarios in study
documents to create dummy variables. For example, one dummy varablesed to distinguish
between scenarios that mix and balance residential and comntemdialses to a high degree
(assigned a value of one), and scenarios that mix and balance laodlydeshe same degree
as in trend development (assigned a value of zero). Some of the dumengespecific to
scenarios; others were specific to regions and/or studies.

3.3.6 Meta-Analysis of Regional Simulation Studies

With so many independent variables, it becomes hard to disceromshafis from simple scatter
plots. This is a multivariate problem that requires a multit@@aaalysis to isolate the effect of
each independent variable on the dependent variable, holding the otheegara@istant.

The analysis is further complicated by the multilevel nature ofitie structure. Scenarios are
OnestedO within regions, with the typical region having two or theesasives to the trend.

Scenarios for the same region are not independent of each othey, sisafeethe characteristics
of their respective regions. Thus, standard (ordinary least squages}sion analysis cannot be
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used to analyze this multivariate data set. Rather, a hierafcnimultilevel modeling technique
is required®

A hierarchical linear model was estimated for the continuous oetcpencent difference in
VMT relative to trend. Independent variables tested were aketvets, those specific to
scenarios and those specific to studies (the latter commonstzeaHrios for a given region).
Independent variables specific to scenarios were as follow:

¥ percent difference in gross density relative to trend developmenpépdént to +64
percent);

¥ development centralized/infill emphasized (one if yes, zero ifam;

¥ land uses highly mixed (one if yes, zero if no).

Independent variables common to scenarios for a given region but difieress
regions/studies are as follow:

¥ percent population growth increment relative base population (10 pevcErs percent);
¥ auto use priced higher (one if yes, zero if no); and
¥ transportation investments coordinated with land uses (one if yesf rne).

The best-fit model is presented in Figure 3-23. For theoreBeabns, the model was estimated
with no constant term (as a regression through the origin). If nothimgesdrom trend, there
should be no reduction in regional VMT. There are three significdnemées on VMT: the
population growth increment, centralized development, and mixed landluteee are
associated with decreases in VMT relative to trend. Theaserin density relative to trend has
the expected sign but falls just short of significance. Coordinaadgortation investment also
has the expected sign but is not significant.

The elasticity of VMT with respect to the population growth is B0.0@&&ning that there is a
0.068 percent decrease in VMT per capita for every 1 percentsedrepopulation relative to
the base year. This does not argue for population growth per se, plyt sidicates that regions
that are growing rapidly have more opportunity to evolve toward a comgat form than
regions that are growing slowly.

Centralization of regional development and mixing of land uses both\amesely related to

VMT at the 0.05 probability level. From their coefficients, weuld expect a 1.5 percent drop in
regional VMT with centralized development, and a 4.6 percent dnaggianal VMT with
mixed-use development (after controlling for other variables).

23 For region-level characteristics, ordinary leastasgs (OLS) regression analysis would underestimate
standard errors of regression coefficients and dpubduce inefficient regression coefficient estiesa
Hierarchical modeling overcomes these limitatiat;ounting for the dependence of scenarios fosdinge
region and producing more accurate regression icgaff and standard error estimates (RaudenbusiBgrid
2002). Within a hierarchical model, each levelie tlata structure is represented by its own submBideh
submodel captures the structural relations occgrairthat level and the residual variability atttleael. To
represent such complex data structures, this seitgd on HLM 6 (Hierarchical Linear and Nonlinear
Modeling) software.
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While the regional density variable is not statistically sigaifi¢ our best guess at the elasticity
of VMT with respect to regional density is §0.075, meaning that waukl be a 0.075 percent
decrease in VMT for every 1 percent increase in population dembityis a little higher than

the elasticity estimate from the disaggregate travel stutdigsction 3.2. The density variable
likely is soaking up some of the effect of other D variablesar@anot adequately represented in
the regional growth simulations.

The coordinated transportation investment variable also is notistlyssignificant. Again, our
best estimate of the impact of coordinated transportation investnoentrolling for other
variables, is a 2.1 percent reduction in regional VMT.

When forced into the model, the imposition of transportation pricingigslhas a positive
coefficient, suggesting that it would lead to higher VMT. This caumitgtive result is discussed
in section 3.3.9.

Plugging realistic numbers into the best-fit model in Figure 3-23;ameestimate the VMT
reduction associated with a shift to compact development. If sslotft éancreases average
regional density by 50 percent in 2050, emphasizes infill, mixes lasdasehigh degree, and
has coordinated transportation investments, it would be expected to redioceal VMT by
about 18 percent over 43 years at an average metropolitan growh ta88epercent annualfy.

Figure 3-23 Best-Fit Model of Percent VMT Reduction Rel@ve to Trend (with Robust
Standard Errors)

Coefficient t P
- . —
Difference in density (% above D0.074 D1.48 015
trend)
Development centralized D1.50 D2.13 0.037
Land uses mixed D4.64 D2.15 0.036
1 i 0,

Population growth increment (% D0.068 D2.02 0.056
over base)

Transportation coordinated b2.12 D1.01 0.33

3.3.7 The Conservative Nature of Scenario Forecasts

This forecasted reduction in regional VMT with compact developnseaitmost surely an
underestimate due to limitations of the travel demand models udsesmdtudies. It is widely
known, and oft-stated, that conventional regional travel models of theuggal in most regional
scenario studies are not sensitive to the effects of theHiest DsNdensity, diversity, and
design (Walters, Ewing, and Allen 2000; Johnston 2004; Cervero 2006; DK8i#ss and
University of California 2007; Beimborn, Kennedy, and Schaefer undatedye@Gtional models
can simulate land use and transportation system effects ondtakelgross scale of a region,
but not at the fine scale of a neighborhood. In particular, they caccmira for the
micromixing of land uses, interconnection of local streets, or hisoaled urban design. Most

24 Computed as £0.074*50 B 1.50*1 D 4.64*1 B 0.06B8*Z32*1. The 73 in the preceding formula represan
growth increment of 73 percent, or 43 years atarage growth rate of just over 1.28 percent par.ye
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do not even consider walk or bike trips, adjust vehicle trip ratesafoshedding at higher
densities, or estimate internal trips within mixed-use develogsfie

These failings and others have prompted:

¥ the U.S. Department of Transportation to spend millions of dollaslal@ng a new
generation of travel demand models under the Travel Model Improvemendifirog

¥ the U.S. EPA to develop the Smart Growth Index model;

¥ leading MPOs such as Portland Metro (for the LUTRAQ study) to eshaea
conventional Ofour-stepO models with additional steps and feedbackoops; a

¥ other leading MPOs to post-process model outputs or develop diredt ridership
models.

How much additional VMT reduction might be achieved with compact developbeyand
that forecasted in regional growth simulations? To a first apmation, we can think of
conventional travel models as accounting for one of the D variablg)aten accessibility.
The effects of the other D variables, outlined in section 3&2aagely neglected. Were they
factored into the analyses, one could easily reach VMT reductionspeir@ént or more.

3.3.8 Regional Growth and Vehicle Emissions

Our sample of regional growth studies is not large enough, and the shelreselves are not
sophisticated enough, to support meta-analyses of impacts of smattt groather outcomes
(beyond VMT). At most, they support qualitative statements and indfege

Vehicle emissions, including GQare not merely a function of VMT, but also reflect the
numbers of cold starts plus vehicle operating speeds (see se8)iorigure 3-24 shows that for
many scenarios, an increase in density is associated with ancdreprage peak hour operating
speedsNan outcome that could result in increased emissions becaolgegasgines function
more efficiently at higher speeds.

%5 What is missing from conventional travel demand glsdre five D variables. The following is true of
nearly all conventional four-step models: 1) Omipg by vehicle are modeled, and trip rates arateel only to
characteristics of people, not characteristicslaé@ The possibility of households in urban sgiimaking
fewer vehicle tripsNand instead using nonmotorizeddmsNis not considered. 2) Households, jobs, anémth
trip generators are assumed to be located at &egioint, the zone centroid, and the entire lot@et network
is reduced to one or more centroid connectorsaadgional street network. This precludes the modeif
intrazonal travel in terms of the local built emnment. 3) The choice between transit and auto mizde
modeled solely in terms of characteristics of ttakeeand modes. The characteristics of origins and
destinationsNtheir transit-friendliness and walkétyiNare disregarded. 4) Trips are treated as unlihkehen
a majority of trips nowadays are part of tourg(tthains) in which each trip depends on the trige@ding and
following it, in a linked fashion. Destinations duiless are chosen based not only on the attractimys
contain, but also based on their accessibilitytheotrip attractions. 5) Trip attractions are sueadnfior
component land uses in a given zone, with eachraaged as independent of the others. Yet mixed-use
development is known to generate fewer vehiclesttiifan the component uses individually. 6) Daidywél is
allocated to the peak hour based on fixed factissegarding the tendency for peak spreading waed uses
become concentrated enough to produce serioushpmakeongestion. Peak spreading is the reschedafing
trips from the peak hour to the shoulders of thakpe
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Figure 3-24 Percent Differences in Peak Hour Average Speegdrsus Density for Planning
Scenarios Relative to Trend
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Figure 3-25 plots nitrogen oxide (NOx) emissions versus density differémc24 planning
scenarios. The scatter plot shows a strong association betwdeio theriables. The strength of
the association appears equivalent to that between VMT and densiayusBemost or all of
these studies use vehicle emission models that account for diferi@neehicle operating
speeds, we can reasonably conclude from these data that any effecsiof on emissions
through vehicle operating speeds is overwhelmed by the effect of demstyissions through
VMT. As with the observations above on energy consumption and speed (FigjireoBapact
development is associated with lower emissions, notwithstanding gossihictions in vehicle
speeds.
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Figure 3-25. Percent Difference in NOx Emissions versiercent Difference in Density for
Planning Scenarios Relative to the Trend
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Data on regional CQemissions are more limited. The scarcity of the foredadisates that the
agencies undertaking scenario planning studiesNprimarily MPOsNhave not foomsearbon
emissions as a planning issue. Figure 3-26 plots VMT versysliff@rences for 19 planning
scenarios. The near-perfect correlation and the elasticity gkise to 1.0 suggest the
multiplication of VMT by some constant factor to arrive at,@ecasts.

Figure 3-26 Percent Difference in VMT and CQ Emissions for Planning Scenarios
Relative to Trend
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3.3.9 Regional Growth and Transportation Pricing

The meta-analysis in section 3.3.6 produced one anomalous result. dtrezhihto the model,
the imposition of transportation pricing policies has a positive icosft, suggesting that it
would lead to higher VMT. This is probably explained by confounding variahttthe small
sample of studies that actually test pricing policies.

In theory, the impact of pricing schemes on land development pattarttsbe positive or
negative, depending on the pricing scheme. Increasing the price afdreads or parking) in
only one part of a metropolitan region or along only a limited numbesratiors could shift
future economic and development activity away from the priced a@araiors and toward
areas that are unpriced (Deakin et al. 1996). This could incogasa driving and VMT. Using
an areawide pricing approach, however, could result in a concentrafignref growth. This
would occur as households and businesses seek to reduce or avoid thesex{itgornanoff
1997). Some simulation-based evidence supports this conclusion (Guptanjealiamal
Kockelman 2006).

If transportation pricing is ultimately adopted as a strategydivcee VMT and C@ compact
development could prove useful in both cushioning the blow to household budgets and
enhancing the travel reduction effects (see Cambridge Systet@@it¢s The LUTRAQ project,
which was not included in the meta-analysis, provides data that stipigarbnclusion. The
project compared three scenarios: 1) a trend scenario that asthew®ntinuation of recent
development practices and transportation investments, including a new yiighwae same
scenario with an areawide parking pricing/free transit pass padidgd®® and 3) a transit-
oriented development scenario (LUTRAQ) with two additional raikliaed the same
parking/transit pass component. Adding the LUTRAQ land use/transieatgo the
pricing/subsidy package tripled reductions in NOx and nearly quadrupled ceduictivMT and
CO, emissions (see Figure 3-27).

Figure 3-27 Percentage Reduction in Transportation Outcomesitln Transportation
Pricing, and Pricing and Compact Development Combined
Source: 1000 Friends of Oregon 1996.

Pricing/Subsidy LUTRAQ w/
Pricing/Subsidy
Daily VMT D 2% BT
(l\ll(g;ég;lissions D 2.9% D 8.7%
El:((;idEarBissions D 2% D 7.9%

% The pricing policy assumed an areawide $3.00 pgmarking charge for drive-alone work trips. Thedme was
used to provide free transit passes to all commautethe study area.
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3.4 Project-Level Simulations

We also can assess the effects of the built environment throogbacisons of VMT and vehicle
emissions generated by individual land developments. These comparisons laggden

actual travel diaries or odometer readings for residents direxdevelopments. Or they may be
based on simulations using conventional travel models calibrated andeadlidathe study
region and, in some cases, enhanced to capture the effects aeldeariations in density,
diversity, and design.

Unlike regional scenario studies, project-level simulations havadi@ntage of focusing on the
subset of the regional population for whom the built environment actuailsy&ite plans can
vary in density, diversity, or design, without differences in regiaratlon or proximity to
transit. Regional location can vary from transit-served brownfteldsito-only greenfields,
without any difference in site plans. Or both can vary. The amoutevalopment (housing and
employment) generally is held constant in project-level simulatiarisacreage may differ
across site plans.

3.4.1 Case Study: Atlantic Steel Project XL

The 1999 study of the Atlantic Steel projectNnow known as Atlanticdi@t&lis a prominent
example of project-level simulation with both types of variatidre fedevelopment project is on
a 138-acre former steel mill and brownfield site in MidtowlaAta. A developer proposed
converting the vacant site into a Onew town in town.O Its locatios®ltd primary regional
destinations and to rapid transitNand its dense, mixed-use design mag®posed Atlantic
Steel redevelopment a classic smart growth infill projestpfed by everyone from the cityOs
mayor to the vice president of the United States (at the Ah@ore).

The dilemma was that the redevelopment project required a bridgkterstate 75/85 to
connect to a rapid transit station and a neighborhood to the eastipjusfor access to the
interstate highways. At the time, the Atlanta region was ocbwipliance with federal
transportation conformity requirements and, as a result, could noittejederal funds to add to
its highway system. It could not even construct certain highway improvemsng nonfederal
funds. The proposed bridge and ramps were included in this prohibition.

Under a program called Project XL (excellence and leadershe@EPA has the power to waive
environmental regulations when a superior environmental outcome may eeeachy some
otherwise prohibited action. Based on an analysis showing that redevetagrttee Atlantic
Steel site would produce less VMT and vehicle emissions than develbpfridgely alternative
sites in outlying areas, the EPA ultimately waived the conforretuirement for this project.
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For this analysis, a team of consultants evaluated the Atlaegt [Boject from two standpoints:

¥ Regional locationThe Midtown site was compared to three greenfield sites &argegh
to accommodate the proposed development. The sites were at incokstsinges from
the urban core: a perimeter beltway location, a suburban locatioanasdirban
location, each with a development density and site plan typica lofcétion. The map
below shows the location of the Atlantic Steel site and the tremmnfield sites relative
to the urban core.

¥ Site plan.Three alternative plans for the Atlantic Steel siteNincorgaadifferent
intrasite densities, land use mixes, street networks, andsstipe design elementsN
were compared. They were the Jacoby Development CorporationOs sitigiplan, an
Oimproved new urbanism caseO developed through a charrette process/[Bidea
Zyberk & Company (DPZ), and a final compromise plan incorporating key DPZ
concepts.

The original Jacoby design mixed land uses primarily on the site@&leasearest the MARTA
rapid transit station. On the west side, the developer proposedlesse office park with
buildings set back from the street and separated by stretches vélopeel green area and
parking. Residences were located between the office park andaitbog! district. The street
network was an adaptation of the siteOs existing grid systensowithconnections to
neighborhood streets to the south.

With everything riding on EPA approval, the agency had the leverage tdqousimore
integrated site plan. The DPZ plan, generated at a designttdhamixed land uses within the
site to a great degree, while holding the amount of office, ratail residential development
constant. Only the far west side retained the single-use chranhtite original site plan, in an
office district. The redesign featured shorter blocks, narreweets, improved streetscapes, and
clear pedestrian paths. Auto speeds were controlled to provideeagegtestrian environment.
Densities were increased near transit stops. The streeifdhd surrounding neighborhood was
extended into the site, and land uses were moved to permit sharedyparki

JacobyOs final site plan is a compromise between the two plaris. The land use mix is more
fine-grained than the original planOs but not as fine-grained a®ee@esign. The street
network is more fine-meshed than the original planOs but less sbetmadesign. Other
concepts from the DPZ charrette, and from the literature on theburonment and travel,
have been retained.
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Alternative regional locations evaluated.
Based on EPA (1999)
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Alternative site plans evaluated
Based on EPA (1999)

First, the EPA consultant team performed an in-depth evaluatioavel forecasting
methods used in the Atlanta region. The evaluation resulted in vagfinsments to the
Atlanta Regional CommissionOs conventional travel forecasting rodmitér account
for regional location and destination accessibility, and in postprogesEmodel outputs
to better account for the first three DsNdensity, diversity (méxjg design (Walters,
Ewing, and Allen 2000). Postprocessing employed an early version of tmé Growth
Index model with elasticities derived from a review of recesearch on the built
environment and household travel (as described in section 3.2).

Model results demonstrated that VMT and emissions would be aboutc&hpkwer at
the Atlantic Steel infill site than at the remote greenfietdtions, and an additional 5
percent lower with the revised site plan (see Figure 3-283. ra&sult, for the first time,
the EPA designated a land development proposal as a regional trarmpodatrol
measure, allowing for approval of the project and funding of transportati
improvements. Atlantic Station has become a highly successfullyldmgé and
occupied, infill community (see photographs below).

Figure 3-28 VMT Generated by Regional Location and Site PlaAlternatives
Source: EPA 1999.
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Atlantic Station today.

Source: Jacoby Development Company

3.4.2 Site Plan Influences on VMT

The Atlantic Steel studyNand similar studies in San Diego, Wiljton, Portland, Oak
Ridge, San Antonio, and TorontoNhave forecasted the impacts of signd®s vehicle
trips, VMT, and/or C@emissions (Hagler Bailly 1998; EPA 1999, 2001a, 2001b; IBI
Group 2000). Figure 3-29 presents the findings of these studies. Inasagctalternative
development plans for the same site are compared to a baselieedoplan.
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Figure 3-29 Effect of Site Design Alone on VMT

0.00%
mIHHHHHE

-4.00% A m . — B

-6.00% 1 — =

-8.00% 1 B

-10.00% —

-12.00% m .

-14.00% 1

-16.00% —

-18.00%

% VMT Reduction with Alternative Site Designs

-20.00%

Results suggest that VMT and ger capita decline as site density increases and the
mix of jobs, housing, and retail uses becomes more balanced. Hovieviemited
number of studies, differences in assumptions and methodologies frontcstidgly,

and the variability of results make it difficult to generalize.

3.4.3 Regional Location Influences on VMT

Approximately ten studies have considered the effects of regionablocet travel and
emissions generated by individual developments (EPA 1999, 2001a, 2001b, 2006; Hagler
Bailly 1998; Hagler Bailly and Criterion Planners/Engineers 1999@Gi®Iup 2000;

Allen and Benfield 2003; U.S. Conference of Mayors 2001). The studiesidi

methodology and context, and in some cases include changes in site destbeyBend

to yield the same conclusion: infill locations generate substanialigr VMT per capita

than do greenfield locations, from 13 to 72 percent lower (see RB3¢B0g
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Figure 3-30 Effect of Regional Location and Site Design on VMT
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In Figure 3-31, the distribution of data points indicates that, vingleer density is
associated with reduced VMT, other factors also are at worksusfeect that regional
location explains most of the scatter, and that the relationshigé&etdensity and VMT
is due in part to regional location as well. The highest densiteeprogrammed for the
most central locations.

The data from project-level simulations are too limited to conalticte meta-analysis of
the variance in VMT per capita. However, the data clearly sugjggstievelopment that
combines an infill location with higher density and good urban design can produc
dramatic VMT reductions compared to typical greenfield developrivdit. reductions
cluster between about 30 and 60 percent. When compared with the oéthdtsite
design studies, which show VMT reductions of 2 to 19 percent, the effesgional
location appears much stronger than that of project density and Sije déne.
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Figure 3-31 Relationship between Density Increase and VMReduction
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3.4.4 The Relationship between VMT Reduction and CO , Reduction

These project-level simulations indicate that dense infill develosyaso are associated
with reduced C@emissions (see Figure 3-32). On a percentage basig,e@@ctions are
not quite as large as VMT reductions. The regression line suggesissticity of CQ
emissions with respect to VMT of 0.96. This is likely due tossion penalties
associated with reduced vehicle operating speeds at infill locations.

Figure 3-32 Reduction in CQ Emissions versus Reduction in VMT
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4. Environmental Determinism versus Self Selection

There is a long-running debate in urban planning about the degree to ndiysical
environment determines human behavior. The theory of environmentahieetural
determinism ascribes great importance to the physical environsyarghaper of
behavior. The counter view is that social and economic factoteersain or even
exclusive determinants of behavior.

To outsiders, this debate may seem simplistic. Any extremewawd be. Yet, we all
bring paradigms to the study of travel behavior, paradigms that affeatterpretation

of the facts. Depending on oneQOs point of view, the documented relatioetsteen the
built environment and travel might just as well be due to 1) individulatswant to walk
or use transit selecting pedestrian- or transit-friendly environnjegifsselection) as it is
to 2) pedestrian- and transit-friendly environments causing individuaketthese modes
of travel more than they would otherwise (environmental determjnism

For many of the studies reviewed in Chapter 3, we can discousessition because the
unit of geographic analysis is the region or county. Travel preferékebsfall far down
the list of factorsNafter job access, climate, cost-offlyj and family tiesNthat people
consider when choosing a region or county in which to live. For those mioevimgne
neighborhood to another, however, a desire to walk or use transit coutdderan

their decision, a possibility to which we now turn our attention.

4.1 The Empirical Literature on Self Selection

Does residential choice come first, and travel choice or someaiteme follow
(environmental determinism)? Or do peopleOs propensities fdranavehysical activity
determine their choice of residential environment (self sele@iBejween environment
and attitude, which drives behavior?

More than anything else recently, the possibility of-selection bias has engendered
doubt about the travel benefits of compact urban developnagterps. According to a
Transportation Research Board/Institute of Medicine re(@®@5), OIf researchers do
not properly account for the choice of neighborhood, their érapresults will be biased
in the sense that features of the built environment may apgpe#tuence activity more
than they in fact do. (Indeed, this single potential soursg¢adistical bias casts doubt on
the majority of studies on the topic to date.)O

Self selection occurs if the choice of residence depends gmificghnt way on attitudes
about, or preferences for, one mode of transportation over anothee.lamguage of

research, such attitudes will confound the relationship betweelenéisi environment
and travel choices. Most of the OevidenceO for or against selifosels circumstantial.

Many studies have cited associations between attitudes and tnaiegdscas evidence of
self selection. Favorable attitudes about walking correlate vétking; favorable
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attitudes about the environment correlate with transit use. It viceusdirprising, indeed,
if travelers who are favorably disposed toward a given mode did ndiatsadde more
frequently than others, regardless of where they live. But this mmtemean that attitudes
account for the observed relationship between the built environment and Faveelf
selection to occur, attitudes must also influence residentialehoic

Planning researchers frequently ask new residents whether tessibility,
walkability, or access to specific destinations were factotisair location decisions.
Access considerations usually fall well down the list of locatamtairs, after housing
price and quality, neighborhood amenities, and school quality.

Typical of such surveys is one by Dill (2004). Fairview Village miged-use, new
urbanist neighborhood in suburban Portland, Oregon, with interconnected atrée
attractive streetscapes (see the photograph and site plan bedswderiRs were asked to
rate the importance of location factors in choosing their new honeehighest-rated
factors were neighborhood safety, neighborhood style, and house price. Acuesg a
variables, Oquick access to the freewayO was ranked highest ateightbPedestrian
access ranked lower. OHaving stores within walking distancel2tias importance,
and Ohaving a library within walking distance© was 14th. Still, padestcess was
rated as more important in Fairview Village than in two bgaubdivisions matched for
income, home value, home size, and year built. Apparently, setftiesl is present but
weak. Whatever the underlying cause, attitude, or environmenttnysiare much more
frequent in Fairview Village, and VMT per adult is 20 percentothan in otherwise
comparable suburban subdivisions (see Figure 4-1).

Fairview Village City Hall and nearby housing.
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Fairview Village site plan.
Source: Rose 2004

Figure 4-1 Number of Trips by Mode and by Neighborhood*
Source: Based on data in Dill 2004.
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The strongest survey-based evidence of self selection is LundOs (209®f steople
who had recently moved to transit-oriented developments (TODs)ldimeaiin
California. For TOD residents, transit access ranked thihgrfocation factors in San
Francisco and fifth in Los Angeles and San Diego (where, amazihgiyked lower
than highway access). One-third of all respondents mentioned tregestaas one of the
top three reasons for locating in a TOD. These residents welemre likely to use
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transit than those not citing transit access as a location.fa@prbecause the survey did
not collect comparable data on prior travel mode, we cannot drawfangnce

regarding the strength of attitudes versus environment or on the afteansit-oriented
development on net regional transit use.

The strongest survey-based evidence of environmental determinismlksefFia. Os
(forthcoming) in-depth study of 8,000 households in Atlanta, which inditdag¢she

built environment and availability of alternatives can lead anyonerdiega of

preference, to drive less. Just comparing those who statecceepief for walkable
environments, VMT was 40 percent lower among those who actually hveavalkable
neighborhood than among those who lived in an auto-oriented neighborhood (see Figure
4-2). Roughly one in three current residents of automobile-oriented neighborhoalds
prefer to live in a walkable environment but were unable to findgisen current
development patterns. This alone indicates a ready-made marketripact

development.

Figure 4-2 Average VMT by Neighborhood Type and Residential iéference
Source: Frank et al. forthcoming.
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At least 28 studies using different research designs have attetmpéstland control for
residential self selection (Mokhtarian and Cao forthcoming; Cao, Mo&htand Handy
2006). Nearly all of them found OresoundingO evidence of stajistigalficant
associations between the built environment and travel behavior, indepehdeifit
selection influences: OVirtually every quantitative study reviewetthi®work, after
controlling for self-selection through one of the various ways discias®mee, found a
statistically significant influence of one or more built environnmeasures on the travel
behavior variable of interest (Cao, Mokhtarian, and Handy 2006).

Mokhtarian and colleagues find research designs used in studies &l datsting in

some respect. Still to be determined through future researtheaadsolute and relative
magnitudes of this influence. What all of this tells us is titouilt environment and
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self selectiorbothinfluence travel choices; we just do not yet know enough to calculate
their relative impacts.

4.2 The Built Environment May Matter in any Case

The fact that people to some extent Oself selectO into neighborlochisgrtheir
attitudes is itself a demonstration of the importance of the énvironment in travel
behavior. If there were no such influence, people who prefer to tyguehnsit or
nonmotorized modes might as well settle in sprawling areas, \tieydave no
alternative to the automobile.

Whether the association between the built environment and travel is dneironmental
determinism or self selection may have little practical imp&itiere people live
ultimately depends on housing supply and demand. As Lund, Willson, and Cervero
(forthcoming) note, O. . . if people are simply moving from oneitrarsessible location
to another (and they use transit regularly at both locations), tbeais theoretically no
overall increase in ridership levels. If, however, the resid@stunable to take advantage
of transit service at their prior residence, then moves O {[ransit-oriented
development) and begins to use the transit service, the TODiligiyl latent demand
for transit accessibility and the net effect on ridership istipe$iO

The conceptual model in Figure 4-3 indicates why self selectigroegess important
than the recent focus in the literature suggests. Attitudes abwat trave direct effects
on travel choices (link 4). Attitudes also may have indirect efférough the mediator,
residential choice (link 3). This is the theory of self seéectlf link 3 is strong relative to
link 4, self selection may be the main mechanism through which theshuitonment
affects travel and health outcomes. If link 3 is weak, resalestioices may still affect
travel directly through link 4. This is the theory of environment&meinism.

Note that strong self selection may actually enhance the effdat built environment
on travel, not render it insignificant, as some of the literatapéies. Whether it does or
not depends on housing supply (link 1) relative to demand (links 2 and 3). Housing
supply may affect travel regionally if certain types of resideeti@ironments are
undersupplied. We will refer to this as the theory of latent deim&s shown in Figure 4-
4, the ability to self select (link 3) is moderated by housing segpli



Figure 4-3 Mechanisms by which Attitudes and Prefereres Might Affect Travel
Choices and VMT
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Think of travel outcomes in two dimensions (as in Figure 4-4). Onerdiion relates to
the relative strength of self selection versus environmentalndigism. The other
depends on the supply of walkable or transit-served places relativenamdecross a
region. Of course, these dichotomies are false. Both dimensionsraneuous, and
reality almost certainly lies somewhere along a continuum.

But for three of the four extreme scenarios, the development ofvatkable, transit-
oriented places should lead to net increases in walking and tranaitross the region.
Even if self selection is the dominant mechanism through which thesbuifonment
influences travel, developers meeting latent demand for walkedohsjt-oriented
environments will be contributing to reduced VMT. Indeed, the only waythleae
developers will not have a positive impact is if such placesthirage adequately
supplied.

This does not appear to be the case. There is ample evident¢ettattand for
walkable, transit-oriented environments far exceeds the currenysuppl study of
residential preferences in Boston and Atlanta, Levine, Inam, and(266§) find a huge
unmet demand for pedestrian- and transit-friendly environments, partycainong
Atlanta residents (see Figure 4-5). It causes these rhsesito conclude:

... given the gap depicted in Figure [4.5], it seems unlikelyntha transit-

oriented housing in Atlanta would fill up with average Atlantans$ienatit would

tend to be occupied by people with distinct preferences for such housing who
previously lacked the ability to satisfy those preferences in tlaata

environment. Self-selection in this case would be a real gfiatit would hardly
negate the impact of urban form on travel behavior. This is becatise absence

of such development, those households would be unlikely to reside in a pedestri
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neighborhood and would have little choice but to adopt auto-oriented travel
patterns.

For more data on the growing and unmet demand for compact developradde]den
Russonello & Stewart (2003), Myers and Gearin (2001), Center fosit+@riented
Development (2004), Levine and Frank (2007), Logan (2007), and Nelson (2006).

Figure 4-4 Effect of New Walkable, Transit-Oriented Devalpments on Regional
VMT

Self Selection Dominates Environmental

Determinism Dominates
Walkable, transit-oriented VMT decreases VMT decreases
places undersupplied at
present
Walkable, transit-oriented VMT stays the same VMT decreases
place adequately supplied
present

Figure 4-5 Relationship of Transit-Pedestrian Preferencéo Residence in Transit-
and Pedestrian-Friendly Zones
Source: Levine, Inam, and Tong 2005

Thus, it is clear that both self selection and environmentalrdigtism may account for
VMT reductions with compact development. A recent study in the SawciBca Bay
Area suggests that more than 40 percent of the ridership bonus &skwdiatTOD is a
product of residential self selection (Cervero and Duncan 2003). Whétevsource,
regional transit ridership is higher than it would be otherwise, egidmal VMT is
lower.




5. Induced Traffic and Induced Development

Figure 4.3 illustrates two additional links with potential impactsegional VMT. Link 6
represents a phenomenon called induced traffic, link 7 a related phermoosled
induced development.

Tony Downs of the Brookings Institution first explained the phenomenon of induced
traffic in his 1962 OLaw of Peak-Hour Traffic Congestion.O Axi@ined more
recently,

E traffic flows in any regionOs overall transportation networks falmost
automatically self-adjusting relationships among different routasst and
modes. For example, a major commuting expressway might be so heavily
congested each morning that traffic crawls for at least thintytes. If that
expresswayOs capacity were doubled overnight, the next dayOs tradfitomoul
rapidly because the same number of drivers would have twice as aauth r
space. But soon word would spread that this particular highway wasgey lon
congested. Drivers who had once used that road before and after tih®petk
avoid congestion would shift back into the peak period. Other drivers who had
been using alternative routes would shift onto this more convenient expses
Even some commuters who had been using the subway or trains would start
driving on this road during peak periods. Within a short time, thuketri
convergence onto the expanded road during peak hours would make the road as
congested as it was before its expansion (Downs 2004).

Controversy exists over whether and to what extent the addition of higiapagity
induces new traffic and promotes urban development in proximity tadithed highway
capacity.

The notion of induced traffic challenges the view that the expansiexisiing roads or
the building of new roads will necessarily relieve highway congestion.

The concept of induced development challenges the view that highway ienéstne a
response to growth and development, as opposed to a cause of them.dhwag hi
OwarsOQ that ensue between environmental and development interestsy sjgesshave
very different positions on the nature and magnitude of induced traffindaded
development. In this brief review, we will attempt to sort act$ from debating points.

5.1 Case Study: Widening Interstate 270

Interstate 270, which angles to the northwest from the Washington,d2l@vay in
Montgomery County, Maryland, was widened in the late 1980s and early 199099n
theWashington Postan a story comparing actual traffic volumes on 1-270 to pre-
construction projectiondNashington Post999). The article declared the widening a
failure based on the amount of induced traffic, which effectivelg upethe added
capacity. By the year 2000, traffic volume for certain sections2@Dlalready exceeded
forecasts for 2010.
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This was a time of growing interest in the phenomena of inducedt taaid induced
development. The Maryland-National Capital Park and Planning Conomiasd the
Metropolitan Washington Council of Governments responded with a study thaswdyge
that highway-induced development was mainly responsible for the high andtprem
levels of congestion on 1-270 (NCRTPB/MWCOG 2001). Also blamed wasithee to
build all transportation facilities in the adopted regional transpont@lan. Some

projects had been delayed and others dropped.

On the subject of induced development, the study concluded that Ohigher obaffived t
volumes relative to the 1984 forecast appear to be due in large phiftsan population,
employment, and travel to the 1-270 corridor from other areas irethen, rather than to
entirely new travel.O For the region as a whole, population gveast!d percent lower
than had been forecasted in 1984, while employment growth was 9 peglest fiihe

two together suggested small (if any) net impacts of 1-270 on regjomath.

However, population and employment had clearly shifted to the 1-270 agraickine
expense of other areas. Specifically, population and employmentli#2 fiRecorridor
were, respectively, 23 and 45 percent higher than forecasted in 19&dl. éfor
Montgomery County, they were 7 and 21 percent higher than forecasted. Mleanw
population and employment were 9 and 23 percent lower than forecastatcen P
GeorgeOs County, and 29 and 3 percent lower than forecasted inribeddiS8olumbia.
These shifts in development are illustrated in Figures 5-1 and 5-2.

Figure 5-1 Difference between Actual and Forecasted Housads by Subarea

(2000)
Source: NCRTPB/MWCOG 2001.
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Figure 5-2 Difference between Actual and Forecasted Engment by Subarea
(2000)
Source: NCRTPB/MWCOG 2001.

The experience with the 1-270 widening mirrors the literaturbighway-induced traffic
and highway-induced development.

5.2 The Magnitude of Induced Traffic

Cervero (2002) compares elasticity values across studies in @anadyais. Again, an
elasticity is the percentage change in one variable that accompdhjgsrcent change in
another variable. An elasticity of VMT with respect to lanéemof 0.5 implies that
every 1 percent increase in lane miles is accompanied by a 6énpircrease in VMT.
At the facility level, a 100 percent increase in lane nmifeghat we would get if a facility
were widened from two to four lanes.

In his meta-analysis, Cervero (2002) extracts the averageciiastshown in Figure 5-3.

Figure 5-3 Elasticities of VMT with Respect to Capacity
Source: Cervero 2002.

Facility-Specific Studies Areawide Studies
Short-term 0 0.4
Medium-term 0.265 NA
Long-term 0.63 0.73

Based on the meta-analysis, Cervero (2002) concludes thah®preponderance of
research suggests that induced-demand effects are significingrvappreciable share
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of added capacity being absorbed by increases in traffic, with adtakle exceptions.O
The average long-term elasticity of 0.73 suggests that for eyagcént increase in
areawide highway capacity, VMT increases by 0.73. The actuabsein a given
corridor or metropolitan area depends on the level of congestion. Adgiagityain an
area with no congestion has no effect; adding capacity in an afeaewvére congestion
has huge effects. This is apparent from Figure 5-4, which showAdMiiencrease per
lane-mile of capacity added in California metropolitan arehs.ifduced traffic effect is
greatest in the congested San Francisco, Los Angeles, and Samigiega@reas (see
Figure 5-4).

Figure 5-4 Estimated Additional VMT from an Additional Lan e-Mile, California
Metropolitan Areas Source: Hansen and Huang 1997.

5.3 The Role of Induced Development

Induced traffic and induced development are related. One can think oéthduc
development as a cause of induced traffic, not immediately but ovieniper term. To
better understand induced traffic and its connection to induced develofsent,
necessary to explore the behavioral consequences of additions to roadastyuictiure
capacity.

In the short term, a variety of behavioral changes can contribirteréased traffic
without any induced development. These include route switches, mode switnte
changes in destination. In addition, new trips may be taken that woutdweiccurred
without the addition in infrastructure capacity.

In the longer run, increases in highway capacity may lower tramektso that residents
and businesses are drawn to locate in the area surrounding the expandey highwa
capacity. The question is always whether the new development thas otpuoximity
to the highway was induced to locate there as a consequence of thecexpamgether
it would have occurred anyway, regardless of the highway. Indeed, the kiighwa
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investment may be a response to new or anticipated developmentthatheice versa.
If the development itself would not have occurred otherwise, the develd@nd the
traffic it generates can be considered induced.

Definitionally, a gray area exists if the development that ocoess a highway would
have occurred somewhere else in the region in the absence of thimantesSome
would call this induced development, others redistributed development.aNeeuterm
induced development liberally, to mean any development that would not laweeokcat
a given location without a highway investment.

5.4 Historical Changes in Induced Development

Clearly, the impacts of highway investments are less today thaoiiceywere.
Construction of the Interstate Highway System, in particulartibawirtually every
place in the country to everywhere else. Most studies finding sibadthway impacts
(for example, Mohring 1961 and Czamanski 1966) date back to the firstebund
interstate highway construction, which created huge positive extesdtir areas
gaining access to the network. By the early 1970s, the Intersgevaly System was
largely complete. Incremental additions or improvements to theonietvave since
produced comparatively small improvements in interregional acdégsibi

How great are highway impacts on economic and land development in thetpogtate
era? This is a subject of great debate. In a well-known point-@gaint, Giuliano
(1995) minimized the importance of highway investments for three rea3®he
transportation system in most U.S. metropolitan areas is highlyogeetland therefore
the relative impact of even major investments will be minor.Bithk environment has a
very long life. . . . Even in rapidly growing metropolitan arelas,uast proportion of
buildings that will exist 10 to 20 years from now are already builtTransport costs
make up a relatively small proportion of household expenditures.O

Cervero and Landis (1995) countered that Oalthough new transportation émigstm
longer shape urban form by themselves, they still play an impodi@nnhrchanneling
growth and determining the spatial extent of metropolitan regions mgawti
combination with policies such as supportive zoning and government-assigted la
assembly.O They then challenged GiulianoOs empirical evidence, antegregidence
of their own.

5.5 What Is Known about Induced Development

Who is right? Giuliano probably is right about aggregate impactse Wd@tvero and

Landis probably are right about localized impacts. The induced developtesitife

has been reviewed by Huang (1994), Boarnet (1997), Boarnet and Haughwout (2000),
Ryan (1999), and Bhatta and Drennan (2003). A recent review by Ewing (2007)
concludes:
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Major highway investments have small net effects on economic gromith a
development within metropolitan areas. Instead, they mostly moveogeveht
around the region to take advantage of improved accessibility. Induced
development is very close to a zero-sum game.

Highway investment patterns tend to favor suburbs over central aitieéshereby
contribute to decentralization and low-density development.

Major highway investments may actually hurt regional productivity, i the
induce inefficient (read Olow-densityQ) development patterns.

Corridors receiving major highway investments experience land apjpoacizbd
therefore are likely to be developed at higher densities than develdgadide
outside the corridors.

Highways may be necessary to induce development, but they are not isufficie
do so. To the extent that current planning and zoning caps hold, imp#misavi
corridor will be moderated.

Counties receiving major highway investments attract population and
employment growth to a greater degree than they would otherwise.

Nearby counties may experience more or less growth than they wouldisther
depending on the strength of spillover effects.

Nonresidential development is more strongly attracted to major highthaiyss
residential development, particularly in the immediate vicinitiaoilities.

The induced development impacts of interstate-quality highways are avider
deeper than those of lesser highways and streets.

It takes many years after construction for development to adjusteiw dand
use/transportation equilibrium.

The induced development impacts of major highways extend out at leastlene
and probably farther.

The relationship between highway capacity and growth is a two-watyoreship,
in that growth induces highway expansion as well as the reverse.
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6. The Residential Sector

With regard to development impacts on energy use and emissionsngpottation
sector has gotten most of the attention (Ewing 1994; Kessler &ndegc 1995; Burchell
et al. 1998; Bento et al. 2003; EPA 2003; Frank and Engelke 2005; FrainR@®6).
This is understandable. The transportation sector is the second-l@ggest user in the
United States, and is catching up with the industrial sectoiHgeee 6-1). It is the
sector that is most reliant on oil as an energy source. Howaarlong-term threat to
the planet, energy use by the residential sector also is sigmifio&2004, the U.S.
residential sector produced more than one- fifth of total energiyedeGO emissions
(EIA 2004).

Figure 6-1 Total U.S. Energy Use by End-Use Sector, 1949 to 2005

As with the transportation sector, the United States hasl raleost exclusively on
technological advances to address the problem of limited energy supliesrestantly
increasing energy demands of the residential sector (Siderius 20@@gnEiexists that
per capita energy use and associated emissions will continise,tamd that advances in
technology alone will be insufficient to achieve sustainable growth iggnse (Kunkle
et al. 2004; Lebot et al. 2004; Siderius 2004). Therefore, demand-satiras will be
required to keep supply and demand in reasonable balance.

Also like the transportation sector, residential energy use amtedetmissions have a
relationship to urban development patterns. Impacts are felt thrbaglyes in housing
stock, urban heat islands (UHIs), and transmission and distributees|{see Figure 6-
2). The first two effects have been quantified (see Rong and Ewing. 206t
controlling for household characteristics, residential energy usesuwaiih house type
and size, which in turn vary with the degree of urban sprawkel tedationships, taken
together, allow us to estimate the effects of urban sprawl aergsl energy use,
indirectly, through the mediators of house type and size. The averagshblouéving in
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a compact county, one standard deviation above the mean sprawl index, would be
expected to consume 17,900 fewer BTUs of primary energy anfiitaliy the same
household living in a sprawling county, one standard deviation below the mean inde

Figure 6-2 Causal Paths between Urban Development Patteraad Residential
Energy Consumption
Source:Rong and Ewing 2007.
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UHI effects are strongest in compact areas, leading to agasein cooling degree-days
and a reduction in heating degree-days. Degree-days, in turn, daketl/space heating
and cooling energy use. These relationships, taken together, allowsisrate the
effects of urban sprawl on residential energy use indirectiyutir the mediating effect
of UHIs. Nationwide, as a result of UHIs, an average househal@ampact county, one
standard deviation above the mean sprawl index, would be expected to copfine 1
fewer BTUs of primary energy annually than an average householgrawlisng

county, one standard deviation below the mean index.

Throughout most of the nation, the two effects, housing and UHI, éine same
direction, though.the housing effect is much stronger than the Ugtitefihe total
average savings of 19,300 BTUs amounts to 20 percent of the average ey
use per household in the United States

27 .. . . . I . :

Primary energy is energy contained in raw fuelsicilis transformed in energy conversion
processes to more convenient forms of energy, aa@ectrical energy and cleaner fuels. In energy
statistics, these more convenient forms are calbetndary energy.



[NOTE: THE FOLLOWING CHAPTER IS STILL IN PRELIMINAR
FORM AND IS SUBJECT TO CHANGE]

7. Policy and Program Recommendations

Climate stabilization will require the U.S. to reduce GHfdssions by 60 to 80 percent
below 1990 levels by 2050. To stay on that path, our GHG emissionseed| to be well
below 1990 levels by 2030, and leading analysts believe we have less #rah 10
possibly less than 5 years to get on tr&dk. the transportation sector, progress will be
required on all three legs of the stool: vehicle efficiency, faptent, and vehicle miles
traveled (VMT)? The national policy discussion on vehicles and fuels is mature and
active, and a variety of proposals would have the automobile and oil iedustke
responsibility for their contributions to GHG. But no one has been phtirge of
reducing the GHG impacts of VMT growth.

In this chapter, we aim to identify the roles and responsibifitiegarious levels of
government to meet our climate challenge. Civic leaders, consumsisesses, and
other stakeholders can also make substantial contributions.

The key to substantial GHG reductions is to get all policies, figndhacentives,

practices, rules, codes, and regulations pointing in the sancfi@hreo create the right
conditions for smart growth. Innovative policies are often in drenflict with the
conventional paradigm that produces sprawl and automobile-dependence. One éxampl
the link between federal transportation funding and VMT levels, byamvarding states

for VMT growth>° Another example is the low-density zoning that keeps localities car-
dependent, undermining local expenditures on transit, walking, and cycling.

Fortunately, many communities and states have demonstrated that lvenspre

reforms can both reduce the need for driving, and improve overaltygaglife. They

have responded to public demands and market forces pushing for compact developme
and CQ emissions reductions have been a bonus.

%8 Rosina Bierbaum, Dean of the School of NaturaloReses at U. of Michigan, presentation to
Presidential Climate Action Program analyzing treimdIPCC analyses, June 2006 at Wingspread
Conference Center, Racine, WI

2 vehicle-hours of travel (VHT) is another usefullicator.

30 specifically, the formulas by which the total payof dollars from the Federal Highway Trust Fusd i
sub-allocated or OapportionedO to each State eswasi factors as VMT fuel use and lane-milesafdr.
An overview of the apportionment process is progidg the GAO 2006 report available at
http://www.gao.gov/new.items/d06572t.pdf
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7.1. Federal Policy Recommendations

Although land use planning and growth management are primarily localaded s
responsibilities, the federal government plays a powerful role pirghgrowth patterns
and travel choices through regulations, funding, tax credits, performasasures,
technical assistance, and other policies. To accomplish thlesiens reductions we have
discussed in this book, we recommend the implementation of the follomajay federal
policies. We have chosen these options because they are likely to Hetiee
performance results (e.g., greater return on investment for publig dollar invested)
than thestatus quawhile also fostering development with a smaller carbon footprint.

7.1.1. Require Transportation Conformity for Greenh  ouse Gases

Federal climate change legislation should require regional transponédns to pass a
conformity** test for carbon dioxide emissions, similar to other criteriaufmits. The
Supreme Court ruling iMassachusetts v. ERgstablished the formal authority to
consider greenhouse gases under the Clean Air Act, and a transp@itatiting
conformity requirement would be an obvious way for EPA to exercisathhority to
produce tangible results.

31 Transportation conformity for conventional air jp¢énts (requiring regular assessments and course
corrections to prevent transportation programs frordermining timely achievement of clean air
standards) was created by the 1977 Clean Air AceAsdments and strengthened when that Act was
amended in 1990. In 19910s Intermodal Surfaceoeation Efficiency Act (ISTEA), Congress further
codified conformity and created the Congestion ¢éition and Air Quality Improvement Program
(CMAQ) as a complementary program to help regiatseve conformity (a OcarrotO to conformityOs
OstickO).



What is Conformity?*

Under Section 110 of the Clean Air Atstates develop and implement air
pollution control plans called State Implementation Plans (StR$grmonstrate
attainment wth National Ambient Air Quality Standards (NAAQS) set by ERA a
levels deemed necessary to protect public health and welfaré980@eClean Act
Amendments, along with subsequent transportation legislation, requicpebéty
and transportation officia® work together through a process known as
conformity. A metropolitan region that has exceeded the emission slarfidaone
or more of the pollutants must show that the regionOs transportatianilpla
conform to applicable SIPs and contribute to tjnatainment of the NAAQS.
According to the regulations, a proposed project or program must not produce
air quality violations, worsen existing violations, or delay tinatainment of the
NAAQS.! The metropolitan planning organizations (MPOs) mestahstrate this
conformity through their long range transportation plans and transportation
improvement programs (TIPB)which identify major highway and transit project
the area will undertake over a-28 year period. Projects that do not conform
cannot be approved, funded or advanced through the planning process, nor ¢
be implemented unless the emissions budget in the SIP is revised.

If a regionOs TIP has expired without adopting a new TIP projecty twithin
the motor vehicle emissionsitiget in the SIP, the area faces what is known as g
conformity lapse. During this period, the MPO cannot approve fundinuefer
transportation projects or new phases of previously funded transportatieatpro
except for those projects that are adopted as Transportation Qdeaslires in the
SIP or are otherwise exempt from conformity as air qualitgraéactivities. If an
area fails to submit a required SIP by a deadline, it maya@deonformity freezeC
in which it cannot approve any new projects until this deficiencynedeed, and if
this failure is prolonged, can face the ultimate sanction of Idethgyal
transportation funding. For some metropolitan areas, this potergsabf
transportation funds can be more than $100 million per'y@#aile there have bee
63 areas in the US that have suffered a conformity lapse, n@stagion has eve
lost federal transportation funds as a result of a confornpselareeze, or
sanctions.

State and local governments would be required to adopt mobile sousaaT@$3ion
reduction budgets (like the emissions budgets for other pollutants) thahdeate
reasonable progress in limiting emissiéh€urrently, regions that fail to develop
transportation plans consistent with OReasonable Further Progress@lgoatbs on
federal transportation funds. This could be reinforced by incentia¢sdward places

%2 The California Energy Commission offered a simflavposal to require regional transportation plagni
and air quality agencies to adopt regional growamg that reduce GHG emissions to state-determined
climate change targets. California Energy Commissi@The Role of Land Use in Meeting California's
Energy and Climate Change Goals.O http://www.eneagyov/2007_energypolicy/documents/
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that effectively reduce per capita VMT. Conversely, a portidnaofsportation funds
could be withheld from places that fail to make progress towatetieg VMT per
capita (see discussion below in State Policy section).

Though we acknowledge that to date, land use and transportation demandmesmage
(TDM) policies have generally not played a large role in mee&ggpnal conformity
requirements> we believe that comprehensive strategies would be more successful.
Responsibility should be OnestedO so that the federal government ishiesfooribe
GHG impacts of federal transportation spending (see Green-TE#sdisn below) and
state and local governments bear responsibility for the GHG impiittsir
transportation spending.

7.1.2 Use Cap-and-Trade (or Carbon Tax) Revenues to  Promote Infill
Development

Many climate proposal$focus on the creation of a market-based cap-and-trade system
similar to policies adopted in Europend ones that are likely to be formed in

California® and other states. By placing a price on greenhouse gas emiasiapsand-
trade system can send the right signal for reducing the emisssmtsadisd with vehicle
travel®’ Moreover, regulated parties (such as oil companies) will haeatives to

support policies that slow VMT growth, because actions that inck&d3ewill make

carbon emission allowances more costly. Therefore, federal paii@ée subsidize

growth patterns that increaper capitaVMT would generate higher overall compliance
costs.

A related issue that is being discussed within the federalrdytrade debate is how to
best use the revenues generated by such a system. If cap-and-aca®esl, the value
of carbon allowances will be worth an estimated $50 to $300 billioggae by 2020
based on recent Congressional proposals. A portion of these revenues améd twe
fund infrastructure for infill development, technical assistand®elp communities
seeking to rewrite codes and regulations that inhibit infill developraedt
transportation choices that support compact infill development.

33 For example, in its 2002 SIP, the State of Manglartluded smart growth policies that it expects to
yield modest air quality benefits. Sacramento gudites significant emissions savings from land use
measures in its Blueprint transportation plan. tfaAta, a modeling exercise on the emissions bsnefi
infill development rescued the region from its camfiity lapse and associated restrictions on fundieg
transportation projects (1998-2000), but the redgmked the political support or transit funding to
implement the modeled smart growth scenario. Se&RCQ004), OTwo for the Price of One: Clean Air
and Smart Growth (Workshop Primer).O http://wwwpazay/transportation/smart_two.htm and OAtlantaOs
Experience with Smart Growth and Air Quality.O #yww.ccap.org/transportation/smart_two.htm

34 For example, see, Pew (2007), OSenate Greenhass@ap-And-Trade Proposals,O
http:/iwww.pewclimate.org/docUploads/Economy-widediis%20110th%20Senate%20-
%20August%202.pdf

% See European Union Greenhouse Gas Emission Tr&dingme,
http://ec.europa.eu/environment/climat/emission.htm

3% For example, see California Market Advisory Comtes
http://www.climatechange.ca.gov/policies/market_iadry.html

3" For example, see Winkelman et. al (2000), OTratetjom and Domestic Greenhouse Gas Emissions
Trading,O http://www.ccap.org/pdf/ TGHG.pdf
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In order to ensure adequate emission reductions, to accelerateddaction of new
technology into the marketplace and to moderate the price of allowaooes are
proposing policies which complement a cap-and-trade system. Spécitwal of three
legs of the transportation sector stool would be covered by new prodigtserce
standards. In the case of the auto industry, the longstanding tooldsriherate Average
Fuel Economy (CAFE) program. California is developing a low-carbehstandard
(LCFS) that leads the nation. With the successful launch of theé.eagership in Energy
and Environmental DesignNNeighborhood Development (LEED-ND) certification
standards from the U.S. Green Building Council, now may be thetdim@nsider
something analogous for new development products. This is especiallyutaidf
fundingNallowance revenue, gas tax revenueNis to be made available to sigpjebrt
"cooler growth." Public support should be coupled with some sort of guarainte
performance, whether in the form of standards or similar p&dicgew development.

Other options, such as a carbon tax, are also being debated and soyichaide
reinforcing price signals for VMT reduction and revenue for compactia@awent and
more transportation choices.

7.1.3 Enact "Green-TEA" Transportation Legislation that Reduces GHGs

The Intermodal Surface Transportation Efficiency Act of 1991 (knowS&EA),
represented a revolutionary break from past highway bills with ieggremphasis on
alternatives to the automobile, community involvement, environmental goals,
coordinated planning. The next surface transportation bill could bringhgttex
paradigm shiftNit could further address environmental performanseaté protection
and green development. We refer to this opportunity as OGreen®TEA.O

Transportation policy is climate policy. With another $300 billiobéaeauthorized by
Congress in 2009, it represents the largest category of fedeeatiotture funding. As
discussed in this book, how this money gets spent has a major impachnatich®s
VMT and greenhouse gas emissions.

Accountability for GHG Impacts of Transportation SpendinGongress should require
the U.S. Department of Transportation (US DOT) to asse<sHii& impact of proposed
reauthorization bills to determine conformity with national ctiengoals (i.e., a target
percentage below 1990 levels by 2030, consistent with reaching 60-80 petoent be
1990 GHG levels by 2050). This analysis would be based in large part onrequired
regional scenario analyses conducted by Metropolitan Planning Organiziti®0s. (If
the transportation bill is expected to generate emissions thiaicaresistent with national
climate goals, then US DOT should develop a national climate plaoahiorms to a
mobile source GHG emissions budget and work with MPOs to modifyplaeis
accordingly.

More Funding for Transportation ChoicesA half-century ago, the U. S. adopted the
Federal-Aid Highway Act of 1956, launching an unprecedented engineeringtphaje

38 As proposed by the Center for Clean Air Policye betp://www.ccap.org/transportation/smart.htm.
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quickly changed everything about the way Americans travel and build comraunitie
Today, the Interstates are complete, and we need to investgualtyeambitious effort
to complete the rest of the nationOs transportation system. éhiterk to maintain our
world-class highway network, we must build other world-class systeciading public
transportation and bicycling and pedestrian networks. These should be cemipie toy
policies that encourage compact, mixed-use development, telecomnantingyicing of
auto use to better manage congestion and raise revenue for altsrrsatoreas New
York City®s proposed congestion pricing system.

Such investment is badly needed. Demand for New Starts fundingiisatdhat most
cities offer far more than the required local match to sefaderal funds. Roughly 300
transit projects are authorized in the current federal transiportall, yet funding is far
below demand, producing only about a dozen projects every six years. Tésspac
secure federal funding is also notoriously burdensome and time-consurneyge Bnd
pedestrian travel has also increased in the last decade, anidifsaged to rise.
Currently, dedicated federal funding for these Onon-motorizedO dtaitds at about
1.4 percent, even though bike and walking trips account for between 8 arud©t jwé
all trips taken.

More Funding for Repair and ReconstructiorMaking repair and reconstruction of
existinginfrastructure the top priority is consistent with climate chaygms. Less
money should be allocated to new or expanded highways, until deficiamcidiscial
facilities (e.qg., those that threaten public health andygadet eliminated and even then,
only if highway projects can be shown to reduce greenhouse gas emissioddand

OFix-it-firstO policies would establish powerful incentives fovestment in existing
neighborhood&® New infrastructure investment would stimulate infill developnaert
opportunities for more transportation choices, shorter trips, and re@t@dkemissions.
Investment in repairs will help ensure that our bridges, tunaetspther facilities are
safe to use. Such investments can be justified on cost-effedsvgrainds. For
example, a recent report from the Sacramento Area Council ofri@oegets found that
providing infrastructure for sprawl developments costs an average of $20¢008(er
unit than for smart growth developments. With regard to repderrée maintenance
may reduce expenditures in the short term, but years of neglee posaty performing
infrastructure with much larger long-term repair and reconstmuciosts. Deteriorating
infrastructure in a community can also discourage private investment

Increased investment would make up for the federal governmentOs flamgiiaution
to infrastructure maintenance over the past several decadegrapies below show that
although both capital and operations & maintenance (O & M) spending lawve gr
dramatically since 1980, the federal share of O & M has not aisée same rate. This
has increased pressure on state and local governments to make ypithiigding

39 http://www.nyc.gov/html/planyc2030/downloads/pdflf report.pdf.

“°The declaration of findings in the 1991 ISTEA Hgtion includes an emphasis on maintaining and
enhancing system components before investing inor@s; similar State legislation enacted in Nevgeer
could provide a model to follow in other States.
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needed to maintain aging infrastructure. The problem is partig@aident in older
suburban neighborhoods where developers are seeking to build compact mixed-use
projects but are facing resistance from residents concerned alkiogafeeity to
accommodate growth.

A fix-it-first policy can be implemented through several mechani€dng option is to
apply strict performance-based criteria to core funding progridiatsofial Highway
System, Interstate Maintenance, Surface Transportation PrognanBridge Program)
so that no funds can be spent on new roadway capacity until akiciatodities are
brought up to minimum safety standards. Another alternative is teeer@aimum set-
aside requirements for repair and reconstruction. For existing prsgliie the Bridge
and Interstate Maintenance programs, funding could be also increasedite that such
set-aside requirements are practical. To ensure that |doés through with plans for
redevelopment, a share of federal funds could be held back and réwatgafter infill-
enabling policies are implemented successfully. Such a stratedpedasised for
infrastructure investment under MassachusettsO smart growth program

The private sector can also be enlisted in the effort. Spabyfitax credits and low-
interest revolving fund loans should be offered to privately financed psdjeat
revitalize and retrofit public infrastructure. Such investmarsld not only benefit
those projects, but would also catalyze investment in adjacest area

7.1.4 Replace Funding Formulas with Funding Based o n Progress Toward
National Goals

We recommend that transportation agencies develop a system of padermeasures

to meet specific national, state, and local goals pertaininignate stabilization, energy
security, accessibility for low-income and disabled persons, aatys¥fe believe that a
mode-neutral plan to achieve such goals will result in severalrfoldases in funding

for public transportation, bicycling and pedestrian facilities, andarcing land-use
changes. The kinds of programs that might see major increases ifededs New

Starts and Small Starts, federal Safe Routes to Schawlsportation Enhancements, the
Non-Motorized Pilot Program (which should be converted from a pilatreggular
program), and the Jobs Access and Reverse Commute Program.

Applying performance criteria to roadway infrastructure will §kedsult in a decrease of
unnecessary and traffic inducing highway projects, because most phaeetaever
been scored against any rigorous performance criteria. Many are dmedh@71 new
earmarks from the 2005 SAFETEA-LU Act or are otherwise jestibased on criteria
that are much looser than those faced by transit proposals. Alg@rehkess likely to be
able to compete as well with regard to the urgent national fpegdf energy security
and climate change discussed in this book.

To achieve a performance-oriented approach, our nation will have tarientkly
transform its transportation policies. Current funding formulas aedoan VMT, fuel
use and lane miles b thus rewarding increased GHG emissions. Mpgasadine tax
revenues are dependent on the steady or increasing VMT levels anflintbng is
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allocated to areas with more VMT. As long as our transportatoustry is dependent on
VMT levels being high, the task of reducing VMT will be extrendifjicult. The

current crisis in the federal transportation trust fund isadigt an excellent opportunity to
rethink how revenues are raised in light of national prioritiesriergy and climate.

States could require metropolitan transportation improvement progfaRs o
demonstrate their compliance with statewide measures,rgyeaits of money to use as
rewards for meeting desired targets, and tracking the effectvehgarious VMT-
reduction strategies. Potential measures to be achieved by 2030 miigthé:inc

¥ Reduce per capitdMT in a metropolitan region by 25 percent;

¥ Reduce statewide per capita VMT by 20 percent;

¥ Reach a state of good repair for roads and bridges to addressasaf@tyaintenance
issues; and

¥ Double access to transportation alternatives and increased moek feindransit,
bicycling, walking, carpooling, or telecommuting to expand the transpmrtekioices
available to all Americans.

The original ISTEA legislation, as passed by the Senate in 1991 (gnahead of its
time), provides a model of how federal funding could be transformegdéd@mance-
based system. This legislation would have created an Energy CorsegrZatngestion
Mitigation, and Clean Air Act Bonus program. The original language agaollows:

This paragraph shall apply beginning in fiscal year 1993 and shall applioonly
those States with one or more metropolitan statistical angas population of
two hundred fifty thousand or more. The amount of each such StateseSurf
Transportation Program funds determined pursuant to section 133(b)()1)(A)(
shall be reduced by multiplying such amount by a factor of 0.9 if the(at
vehicle miles of travel per capita is more than 110 per centuis wéhicle miles
of travel in the base year. Reductions in apportionments made puistiaat
preceding sentence shall be placed in a Surface Transportation Bowlarfe
shall be used, to the extent such funds are available, to indnezes@ount of
Surface Transportation Program funds determined pursuant to section
133(b)(1)(A)(i) by a factor of 1.1 for each State affectedhiyy paragraph, if such
State's vehicle miles of travel per capita is less than 90gméum of its vehicle
miles of travel per capita in the base year. Funds remainingftesrm the
Surface Transportation Bonus Fund, if any, shall be apportioned tceties St
affected by this paragraph in proportion to each State's sharefat&ur
Transportation Program funds determined pursuant to section 133(b){()1)(A)(
among all such States prior to any adjustments made pursuantpgardgsaph.
Funds so apportioned shall be treated as funds pursuant to section 138){)(1)(
area treated. For the purposes of this paragraph, the termy@da@3eshall mean

the year 1990 for fiscal years 1993, 1994, and 1995, and shall mean the year 1995

for fiscal years 1996 and all subsequent fiscal years.O
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Such a bonus program could be administered either through state afiscatd
metropolitan suballocations, or better still, through direct aliogatto MPOs (as
described in the next section).

7.1.5 Provide Funding Directly to Metropolitan Plan  ning Organizations

When MPOs were first established and formally recognized, a nuyhiederal
programs requiring regional planning came within their purview (LawisSprague
1997). With the Onew federalismO of the Reagan administratiors, le@ost of the
programs they briefly controlled (McDowell 1984). The one program rentpinas
transportation planning, but new regulations gave states full sway nmd@tey the
functions for MPOs. This meant that many MPOs were in theofateerely Orubber-
stampingO decisions already made by state highway departments (Solof 1997

The Intermodal Surface Transportation Efficiency Act (ISTEAL@®1 reversed this
trend, somewhat. ISTEA gave MPOs new authority and responsibilitie®s were to
craft 20-year long-range transportation plans that were fiscallyreored to meet
realistic revenue projections. They also had to adopt short-rangedreat®n
improvement programs to formally allocate federal transportatidardab specific
projects. They also now had some additional money to allocate. BSTEA, federal
law mandated that states siphon off a tiny percentage (less thaof ft¥%ir allocation of
federal transportation dollars for MPOs. This money did not funeégisgjit was to be
used for MPO basic operations (staff, facilities, etc.). flinels for projects had to come
through the state DOT, and hence was subject to the state@odiserd priorities.

ISTEA changed this by providing a minimum suballocation to MPOs @@hH000+
population): in addition to providing some operating funds, states had to gugasant
minimal amount of project funding to their MPOs. Under the cuttranisportation law,
SAFETEA-LU, that amount is 5% of a stateOs federal highvamatbn (Wolf, Puentes,
Sanchez and Bryan 2007).

As important as these changes were, they have hardly made adbat is an
increasingly inequitable distribution of transportation dollars. Metrtgrokreas contain
more than 80% of the nationOs population and 85% of our economic outpuegRnent
Bailey 2005). Investment by state DOTs in metropolitan areasdagehind these
percentages (Hill, Geyer, Puentes, et al 2005).

The issue is not just trmountof funding; it is also the authority to decidewthe
money is spent. More than one-third of the states that receive Siomgglanagement
Air Quality fundsNfunds that by definition are to be used in MPO sikg not
suballocate those funds to their respective MPOs. Only 12 statd®cateafederal
Transportation Enhancement program dollars to MPOs. The stateslboide¢hese
funds are to be spent. Even with the 5% of funds that are requirecdubaléocated to
MPOs, many MPO staff report that the state DOT still dgedubstantial influence
(Puentes and Bailey 2005).
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What is necessary to remedy the long history of structural antbtimsial causes behind
these inequities is a new system of allocating federal transparfands directly to
metropolitan areas. Instead of sending federal allocations tcaties aind expecting the
states to Odo the right thingO for metropolitan areas, futuralfegéslation should
provide for the direct allocation funds to MPOs, without filtering futhdeugh state
DOTs.

Moreover, the amount of allocation should be closer to the proportion of &OsIP
population and economic activity compared to other MPOs and non-MPSiartba
same state. A starting basis for making these calculatidhe int-of-sale gas tax
collection. Because different states have different relativeadds for rural and interstate
facilities, this formula could be adjusted on a state-by-bi@tes to reflect those
variations.

7.1.6 Develop a National Blueprint Planning Process  that Encourages
Transportation Choices and Better System Management

Good planning is critical to the viability of alternative transpartatnodes and land use
reforms at a regional scale. The State and Metropolitan Plaseatigns of the
transportation reauthorization bill (Green-TEA) could require Lase &hd
Transportation Scenario Analyses for all regional transportation. fegas-term
Transportation Improvement Programs and Long Range Transportation ttiamsly
require alternatives analyses for specific large projects, bdiontite full program or
land use plans. It is difficult to discern the benefits from doatdd transportation land
use policies on a project-by-project basis. Therefore, under trentsystem, innovative
land use-based policies are more difficult to justify.

The next federal transportation bill should fix this problem by examinatly the project
scale and cumulative benefits of projects. It should also irefaasding for coordinating
regional transportation and land use planning to facilitate maximagpgrtunities for
transit-oriented development, intermodal transportation centers, aedcormapact,
walkable neighborhoods. Scenario and visioning initiatives should also inclogit r
public participation components. Efforts such as the California Bhidplanning Grants
and Blueprint Learning Network provide useful models for other sta@segions’
Regions whose plans help attain performance goals should be able saattigsnal
funding for implementation and other uses. A OGreen-TEAO couitiskstaNational
Blueprint Learning Network and National Blueprint Planning Grants.

“1 California Department of Transportation (2007)|u@print Learning Network.O
http://www.dot.ca.gov/hg/tpp/offices/orip/BLN.htrAlso see California Department of Transportation
(2007), OCalifornia Regional Blueprint Planningdpaon.(http://calblueprint.dot.ca.gov/




7.1.7 Place More Housing Within Reach

Many homebuyers Odrive til they qualify,O that is, they purchaseexpesisive home
further away from where they would ideally like to Ift?with rising gasoline costs, the
financial trade-off between a longer commute and cheaper housing isrgi&ntie
potential savings from living in a convenient location with transportatiices is
becoming a more important aspect of affordabffity.

The Congressionally chartered Millennial Housing Commission hasidalle dramatic
increase in investment for housing that is affordable to a wide angéividuals and
working families of modest means, including teachers, firefighterrses, and older
Americans. Contrary to widespread beliefs, transit oriented al@went serves an
extremely diverse population and will continue to d§°$@reatly expanding the supply
of housing in walkable neighborhoods with high-quality transit is a wagtishgthis
unmet demand and offer living arrangements that more people can a#foshtRtudies
for the Federal Transit Administration, the Dept. of Housing armht Development,
and the Ford Foundation show that much of the need for housing over the geats30
can be met within walking distance of the nationOs 4,000 existing\aidpeent transit
stations, with significant reduction of VM Transportation investments, land
development practices, and coordinated planning can also help achiedalafityrand
access goals while also reducing greenhouse gas emissions. Taxaaeditovide a
powerful incentive for investment in projects with coordinated landandeaffordable
housing.

Smart Location Tax CreditThe federal government and some state governments
currently provide tax credits for hybrid vehicles, solar technologyliasta, and other
technologies that reduce energy use. The same can be done fdoeatians that
inherently save energy from vehicle trips. The federal government dtioedt states to
identify smart locations based on the O4DO performance critetisseis in this book:
density, diversity, design, and destination accessibility. Develgp@ew for-sale or
rental units within the most efficient location tiers could dydbr a federal Smart
Location Tax Credit. A portion of the incentive can be used to finafioedable units.
The transportation choices available in these locations would reducehbtilis
transportation costs, an important cost saving to the people livthgse homes.

“2 Carrie Makarewicz, Tom Sanchez et. al. , Housimg) Bransportation Financial Tradeoffs and Burdens
for Working Households in 28 Metropolitan Regio@gnter for Neighborhood Technology and Virginia
Tech, 2006, at H-T-Tradeoffs-for-Working-Families28-Metros-FULL.pdf.

“3Barbara Lipman (ed), A Heavy Load: The Combinedi$ing and Transportation Burdens of Working
Families, Center for Housing Policy, National HogsiConference 2006 at www.nhc.org.

“ Scott Bernstein, Carrie Makarewicz, Kevin McCailyiven to Spend Center for Neighborhood
Technology and Surface Transportation Policy Pastrip, 2005, atvww.transact.orgCenter for
Neighborhood Technology and Center for Transit @gd Development, The Affordability Index: A New
Tool for Measuring the True Affordability of a Hang Choice, Brookings Institution, 2006 at
www.brookings.edu/metro/umi/pubs/20060127ireféx.htm.

> Preserving and Promoting Diverse Transit-Oriemeéyhhborhoods, Center for Neighborhood
Technology and Center for Transit Oriented Develeptn2006 at
http://www.cnt.org/repository/diverseTOD_ FullReppdt.

“®Hidden in Plain Sight: Meeting the Coming DemaodHousing Near Transit, Center for Transit
Oriented Development 2005 w&tvw.reconnectingamerica.org
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Housing Rehabilitation Tax CreditFor existing housing, federal tax credits for
rehabilitation should be provided to revitalize all existing housing imitgighborhoods
that generate lower VMT per household than the regional average.cAsstid above,
federal guidelines would require each state to identify smartidoczones that would
benefit from the rehabilitation tax credit.

These tax credits serve multiple and critical national neeals, &ffordable housing to
neighborhood reinvestment. They could be funded by reducing subsidies that are
incompatible with a national focus on climate change, such as cappitax-free
parking benefit at its current level ($215 per month) or a reduced(tbagéls, capping it
at $200 per month). Also, they could complement existing federal taxtives that
support affordable housing, reinvestment, and historic preservation. Tieeofdax
credits could be increased when the Low Income Housing Tax Crel$ibiased to
benefit smartly located and/or rehabilitation projects, which wbeld create housing
choices for households of different income levels. The federal Kiftogservation Tax
Credit has been one of the most effective tools for revitalizirghberhoods and
repopulating older cities, suburbs, and towns. It should be strengthenexpandex to
benefit a wider range of historic properties and to be combinableothigh tax credits to
facilitate more revitalization and affordable housing production.

7.1.8 Create a New Program to Provide Funding to ORe write the RulesO

Builders, developers, and industry analysts have conducted markethestedies that
show a strong and growing demand for walkable, mixed-use neighborhoods with good
transit access (see Chapter 1). However, outdated local develamuelations (such as
subdivision regulations, zoning, parking standards) often make this typeebbpi@ent

the hardest thing for a developer to build. Ironically, creating neiglolodis that

resemble some of our nationOs most appealing places, such asrtfeto@m

neighborhood in Washington, D.C., or Charleston, South Carolina, is tdthitiegal

in many places because such construction would violate current codes.

The problem is not lack of desire from cities, counties, or tolmrfact, many localities
want to modernize their obsolete codes. However, limited planning fuakis irhard to
both run the development process and redesign it. The federal governovaheprast
technical assistance resources for everything from agricultaetiges to homeland
security. Congress should establish a new program to help communitiés upda
development rules to support more walkable, town-style, environmefmtatly
development.

At the very least, such changes should allow smart growth and codgyatbpment a
chance to compete by facing the same development process that conVentiona
development must follow. Leveling the playing field would benefit conssimethey

shop around for housing and development choices. Most communities already have a

“"Working with the Internal Revenue Service andétiistoric Preservation Offices, the National Park
Service in 2006 approved 1,253 rehabilitation prtgahat attracted a record-breaking $4.08 bililon
private investment, which is equivalent to a mdévant5 to 1 return on federal tax credits invested.
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surplus of large-lot, single-family homes, and those that wishdage increasingly want
to rewrite the rules to encourage compact development, much iantieeveay that
conventional suburban development was subsidized and facilitated throughyederal
discounted mortgages, infrastructure, planning and zoning rules, andhotréives.
Changing the rules in just the 50 largest American metropolitas a@ad quickly

bring more housing, neighborhood, and transportation choices to about 168 million
people, or more than half of all Americans.

7.2. State Policy Recommendations

In the absence of major federal action, many states are alrenadlyg ahead with plans
to reduce C@emissions. Some states have banded together in compacts like the
Regional Greenhouse Gas Initiative and the Western Regional Clthatee Initiative
to create cap-and-trade programs. In addition, twenty-nine individuakstave created
climate action plans; California and New York have some of teededined plans.

State climate plans in New York, Connecticut and Massachusetise comprehensive
VMT-reduction recommendations, though implementation has been fikisv York
state requires its Metropolitan Planning Organizations to repo@ @&kpacts of
Transportation Improvement Programs and Long Range Transportationlitmarge
required to receive federal transportation furfd€onnecticut created an Office of
Responsible Growth to promote transit-oriented development, provide alesiatives,
encourage walkable communities and target state funding to support development
designated Responsible Growth ar€aBhe California Energy Commission runs a
working group tasked with developing recommendations on achieving GHG reductions
from smart growth policies. In August 2007, the Commission redeaset of policy
recommendations on land use and climate change based on a comprehemsivefrevi
state and local efforts.

“8 CCAP (2003) on Collaboration with the New York &ntiouse Gas Task Force, ORecommendations to
Governor Pataki for Reducing New York State GreeseoGas Emissions.O http://www.ccap.org/pdf/04-
2003_NYGHG_Recommendations.pdf. See also CCAP(2@apnnecticut Climate Change Stakeholder
Dialogue: Recommendations to the Governor's Stg&@mmittee.O
http://www.ccap.org/Connecticut.htm.

“9|CF Consulting (2005), OEstimating Transportafi@iated Greenhouse Gas Emissions and Energy Use
in New York State.O http://climate.dot.gov/docs/ogt

*0Rell (2006), Executive Order 15. http://www.ct.dggavernorrell/cwp/view.asp?A=1719&Q=320908.

°1 California Energy Commission, OThe Role of Land ldsMeeting California's Energy and Climate
Change Goals,O August 2007.
http://www.energy.ca.gov/2007publications/CEC-6@D2-008/CEC-600-2007-008-SF.PDF.
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Our recommendations for state policies incorporate developmentrahdda as VMT
and CQ reduction strategies and will work with or without the federétigs described
above. They include:

1) Set state targets for VMT as part of a Z€duction plan;

2) Adopt state transportation and land use policies that supports ctioelte

3) Improve transportation planning models to reflect the latest isearhow the
built environment affects travel behavior (regional travel foremgstrip
generation, etc.);

4) Align state spending with climate and smart growth goals;

5) Eliminate perverse local growth incentives; and

6) Create economic development incentives.

7.2.1. Set State Targets for Vehicle-Miles of Trave |

Establish a GHG Reduction Plan That Includes a Target for VME®uctions

If the federal government does not act to reduce GHG emissions andstdfies can
take the lead and establish their own goals. Whether federaligterdsiven, the state
target should be allocated among local governments within the statdese localities
are highly fragmented, to regional governments.

To achieve the targets, local and regional governments would submitgliesstate
using the strategies that best fit their communities. Statetdwhen rate those plans and
provide greater financial support and regulatory relief to those phatebetter
implementation plans. Meeting VMT targets provides the opportunityhie\e
significant co-benefits (e.g. greater housing and transportation chistzé,savings,
providing services in underserved neighborhoods), so the state may alsoabptans
according to their achievement of these benefits. To help commungieisthese targets,
the state can provide grants and technical assistance to heipel®ckvelop realistic
plans that score better and become eligible for greaterastitdew federal
transportation policy (Green-TEA) could help by providing supportive polanes
incentives.

As explained in Section 7.1.1., this system is similar to thecormently employed to
meet air quality standards under the Clean Air Act (CAA). UtigeICAA, metropolitan
regions must inventory their emissions sources and develop plans tohmseg t
emissions in line with clean air standards. For example, metsb megions already
inventory their VMT and associated emissions. They also prajesefVMT and
develop strategies to reduce emissions from both current and futorteipsit

Washington StateOs Commute Trip Reduction program employs a siratiegy and is
focused explicitly on reducing single-occupant vehicle commutes and greenhouse
gases?’ To achieve these goals, the state has set targets forioedtintsingle occupant
vehicle commutes and VMT per commuter. Local jurisdictions mustgbegoals that

2 See the Washington Department of Transportatiob ¥ite at
http://apps.leg.wa.gov/WAC/default.aspx?cite=468088
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are at least equal to the state goals and create plarchieviag the target measures.
This program is described on the web site as follows:

1) Program goals.This section establishes the goals and targets for the CTR
program that every city and county shall seek to achieve at a minionuhre
affected urban growth area within the boundaries of its offjeiaddiction. Every
two years, the state shall measure the progress of eachgtimis@nd region
toward their established targets for reducing drive-alone commpiseaind
commute trip vehicle miles traveled per CTR commuter. Lavdlragional goals
and measurement methodologies shall be consistent with the measurement
guidelines established by WSDOT and posted on the agency's web site.

2) Statewide minimum program goals and targetsThe goals and targets of
local jurisdictions for their urban growth areas shall meet cgezkthe minimum
targets established in this section.

a) The first state goal is to reduce drive-alone travel by GRmuters in
each affected urban growth area. This will help urban areaklto a
employment and population without adding drive-alone commute traffic.
The first state target based on this goal is a ten percentigedfrom the
jurisdiction’s base year measurement in the proportion of single-occupant
vehicle commute trips (also known as drive-alone commute trips) By CT
commuters by 2011.

b) The second state goal is to reduce emissions of greenhouse gases and
other air pollutants by CTR commuters. The second state targetdmase

this goal is a thirteen percent reduction from the jurisdictions ypaar
measurement in commute trip vehicle miles traveled (VMT) gdR C
commuter by 2011.

3) Local program goals and targetsLocal jurisdictions shall establish goals and
targets that meet or exceed the minimum program targetsisgistabby the state.
The goals and targets shall be set for the affected urban gnaatimahe city or
county's official jurisdiction, and shall be targets for the year 2@&&d on the
base year measurement for the urban growth area.

a) Each local jurisdiction shall implement a plan designed ta thee

urban growth area targets. Progress will be determined every am® ye
based on the jurisdiction's performance in meeting its establishved dri
alone commute trips and VMT targets. Local jurisdictions slséditbdish

base year values and targets for each major employer work#i in
jurisdiction. However, the targets may vary from major employ@ksite

to major employer worksite, based on the goals and measurement system
implemented by the jurisdiction. Variability may be based on the

following considerations:
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7.2.2. Adopt State Transportation and Land Use Poli  cies That Supports
Climate Goals

Guide Transportation Investments to Projects That Support threaion of Walkable
Communities, More Transportation Choices, and the AchieveteinClimate Goals

The prevailing method of transportation planningNtrying to keep up with derbg

simply Oprojecting and providingONhas proved to be both more expensive and less
successful than many would wish. In spite of large transportationtineets, congestion
nationally continues to worsen year after year. Further, futuregpedj@eeds far outstrip
any reasonable estimates of available funds. Finally, beyond fststraints, climate
change, an aging population, changing market demand, and other macro-trensis sugge
that a continuation of strategies that rely nearly exclusivelyutonaobile transportation

is untenable.

Instead, states can work with localities and the public to fgemture land use and
transportation scenarios that provide a wide and suitable armaneportation choices,
manage the growth of VMT and emissions, reduce household and government
transportation expenses, and support greater access and mobditycitizens. The
California Department of Transportation is currently supporting fipsaach through its
BluePrint project where localities proactively examine future ¢gm@eenarios and make
investments to achieve the desired scenario. Similar processewbiked in Utah
(Envision Utah) and Oregon (The LUTRAQ project). In these latises, the preferred
future growth scenarios reduced vehicle miles of travel, créatiber traffic outcomes
and saved infrastructure costs. Both studies are included inditeuite reviewed above.

Once a future land use/transportation scenario is identifiedsstah then direct every
new investment toward building that scenario. This is substantiffigrett from the
current process, because rather than simply responding to land ngesctransportation
investments now help to shape those changes in a way that leadsrtoutetimes.
Investing in a specific vision for a regionOs or communityOs fuliueasure that the
future is more than just the sum of individual projects, and thatialgment decisions
and policies help meet economic, environmental, community, and gisal. State
policy changes that implement this approach include:

¥ A shared state and local vision of the future transportation system;

¥ Evaluating the full range of options and outcomes in a mode-neutral wiaginge
system and demand management, land use, and alternative modes;

¥ A State transit village program to coordinate state policgfowing transit locations
and identify future transit-oriented development (TOD) opportunitigs, (dew
Jersey);

¥ State standards to allow roads to adapt to the surrounding land use addption
of context-sensitive design more broadly (many states, including Moai,
Massachusetts, Texas, and Washington);

¥ State access management policies that are consistent withuiteetransportation
system (e.g., managing highway access for new developments tantetisge traffic
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loads; leading examples include policies in Colorado, Maryland, Fl@igaon, and
Delaware);

¥ State connectivity policies that rely more on a larger numbsmatler,
interconnected road facilities, with accompanying state funding fallemmscale
roads;

¥ A Fix-it-First infrastructure policy (e.g., New JerseyOsitFirst program for
transportation);

¥ Adoption of a Ocomplete streetsO policy and an emphasis on providiregyaofari
attractive transportation options to the maximum number of peopleSe.gquis
and San Diego);

¥ Elimination of state restrictions that prohibit gasoline tax mees from being spent
on public transportation and other modes (most states do not have suchiprsjbit
and

¥ Requirements for developers to assess and mitigate climatetengbdarge projects
(e.g., MassachusetfsKing County, Washingtcf).

Also, with successful trials around the globe, roadway pricingesfieg will likely
become a key tool in managing traffic congestion and raising revenuelinSh8tates
will play a key role in approving metropolitan pricing schemes, ihshe federal and
local governments. Such efforts can have a major impact on Vitictien and funding
alternatives, such as infill development, cycling and walking itrfrasire, transit
operations and capital, and other priorities.

7.2.3. Align State Spending With Climate and Smart  Growth Goals

Set Performance Standards for Discretionary and Formula-Allocatoending, and
Target Spending to Areas that Rank Better for Smart Growth

States should ensure that funding programs support climate and VMTioadyaals and
should adopt policies to reward local governments that help to méegsals. States
should begin by inventorying all available discretionary funds in such asdasusing,
economic development, infrastructure, water and sewer, schoakparéation, state
facilities, and recreation. These funds can then be allocateddlities according to their
performance in meeting state goals. This inventory should include nattatdyfunds,
but also federal funds passed through the state over which the stdisechetsonary
control. These discretionary funds, if thoroughly identified and pooledaceunt to a
significant incentive for counties and municipalities. When Massatisusmployed this
approach, discretionary funds totaled roughly $500 million within an anrataltsidget
of $27 billion.

After completing its inventory of discretionary funds, the sthtaikl develop a
coordinated investment approach that would tie funding to local perforroartte
stateOs priorities for transportation, housing, tax reduction, iaradeclOne mechanism
for judging performance is a scorecard modeled on the CommonwesalitalG-und in

>3 Massachusetts Executive Office of Energy and Bmvirental Affairs (2007), OMEPA Greenhouse Gas
Emissions Policy and Protocol.O http://www.massegoxr/mepa/pdffiles/misc/ghgemissionspolicy.pdf.
¥ King County (2007), OExecutive Order on the Evdnaf Climate Change Impacts through the State
Environmental Policy Act.O http://www.metrokc.gowde/news/2007/pdf/climateimpacts.pdf.
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Massachusetts. This scorecard system awards points when localrgeres change
their development rules and funding to promote more compact, mixed-aikapie
neighborhoods. Communities that score well receive access to somegfurdin the
rule changes are made, and receive access to the largenimgnpartion of funding
when new development projects are permittedNtightly linking spending wétite=®
These incentives have lead directly to hundreds of changes to local aoning
Massachusetts cities and towns. These changes contributed tseédgpeaduction of
multi-family housing units from 3,800 to more than 7,000 units annually.

Another state scorecard system is used by the California |oftaste and Economic
Development BankOs Infrastructure State Revolving Fund Progrates lapplications
on a 200-point scale that gives substantial preference to projects tha

1) are located in or adjacent to already developed areas and isdécjion with an
approved General Plan Housing Element;

2) are located in or adjacent to and directly benefit areashigthunemployment
rates, low median family income, declining or slow growth in ldbare
employment, and/or high poverty rates; and

3) improve the quality of life by contributing to public safety, healtlecaducation,
day care, greater use of public transit, or downtown revitalization.

Unlike a stateOs discretionary funds, Oformula fundsO are @istiiblaicalities on the
basis of a formula that is applied annually to a given funding stfeam gas tax
revenues, housing funds). Thus, each locality is guaranteed a shasenobney.
Without changing the geographic allocation of these funds, states cae #raduthese
dollars are invested in projects that contribute to meetinggbais. The top priorities
should be to minimize long-term costs of maintenance and maximizaftity and
security of existing roads, bridges, transit, water systemsptaed critical community
infrastructure. In doing so, the state gets the additional andtelimaendly outcome of
making infill and redevelopment more attractive. Therefore, staieslesignate that a
certain percentage of Oformula-fundedO transportation, school, housihgy dunds to
go to the operation and maintenance of existing transportation, aatewastewater
infrastructure.

The remaining funds can be made available to projects that pdyéstrwith respect to
meeting state goals. Projects within a locality should competiédése funds based on
performance, without a predetermined water treatment technologgnsportation
mode. With this Omeans neutralityO built in, more innovative prajiidie able to
successfully compete and become established in the market.

5 For more information on MassachusettsO Commonwealth Capital Funsl soatécard, please
see:.www.mass.gov/?pagelD=gov3topic&L=2&L0=Home&L1=Smart+Growth&shdjov3.
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7.2.4. Create Economic Development Incentives

Modernize Incentives to Support Growth and Climate Goals

The average state enables and oversees more than 30 different kioagahy-specific
economic development incentives. Most are effectively as-of-rigtitgr than
competitive or discretionary), and many are granted by local mnalgbodies. While a
few (e.g., brownfield remediation credits) aefactolimited primarily to developed
areas, they are not officially linked to state land use poli¢g transportation planning
through enabling legislation. Very few state incentives are hathésdacilitate shorter
commutes, transit-oriented development, or other efficient peacti

MarylandOs Smart Growth Areas Act explicitly seeks to bitedinate economic
development with planning. Enacted in 1997, the law designates Prioritingueas
(PFAs), defined as those areas that are already served yawdteewer infrastructure
or are planned to receive infrastructure (both urban and ruted)state will spend
infrastructure and economic development money only within these PFéas Autside
the PFAs are ineligible for state assistance in the forimfigfstructure spending or
economic development incentives; if development happens there, it ppéhavithout
help from the state. The law is one of several Maryland iviéato preserve rural lands
and revitalize cities and towns.

lllinoisO Business Location Efficiency Incentive Act, enacted in,2§0&s a small
additional corporate income tax credit under one common state incdftmeofmic
Development in a Growing Economy) if the job site is accessibjmubifc transportation
and/or proximate to affordable workforce housihGompanies seeking the additional
credit at sites that do not initially qualify can later qualifyfma site remediation plan
that includes measures such as an employer-assisted housing plag sshwittes, pre-
tax transit cards, or carpooling assistance.

By virtue of their statutory control over both state tax credits la@antost common kinds
of local incentives, such as property tax abatements, tax incrémemting districts, and
enterprise zones, states have an enormous amount of unrealized p@east@conomic
development as a tool for efficient growth and reduced VMT.

7.2.5. Eliminate Perverse Local Growth Incentives

Reduce Competition Between Local Governments and EliminageGiFiscalization of
Land UseO That Distorts Local Priorities

Local governments rely upon a variety of state-regulated revemaenstito fund local
public services. But state policies sometimes depress onmggaq, property taxes)
while enabling another (e.g., local sales tax increments), divtrad) governments a
fiscal incentive to avoid, for example, residential land use rstdad subsidize big-box
retail projects. The result of these decisions can be the costoemiof jobs far from

%0 SB2855, at
http://www.ilga.gov/legislation/BillStatus.asp?Dogi=2885&GAID=8&DocTypelD=SB&Legld=23994
&SessionID=50 promoted by a coalition of public interest orgaations including Good Jobs First, Center
for Neighborhood Technology, Chicago Metropolis @@hd other groups.
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workers, under-provision of affordable housing and housing for families,temdpds to
export negative impacts of development to neighboring jurisdictions.

It is difficult for local governments to address these issuek@ndwn. Those that are
friendly to family housing or affordable housing can become overwhelntlediif
neighbors seek to block these housing types. Localities that do not agdyessesfor
commercial land use risk being out-competed by neighbors that do. Mdzle
governments in a few metro areas, such as Minneapolis/St.RateaCity of
Charlottesville and Albemarle County, Virginia, have developed pacister
intraregional competition, this is relatively rare.

States can eliminate the perverse incentives that local govetsifaee in the
development market. In Massachusetts, local governments weraneacpermit
housing for families, fearing that an influx of children would addh&odost of education.
The state now provides towns with a hold-harmless guarantee: dtegucosts rise, the
state makes up the difference. In Arizona, local governmeiritiretantive packages
became so large and so frequent that the state passed a lawtipgptiibm in the
Phoenix metro area. For many New England states, property taxtbe alominant
funding source, and property tax reform is seen as the potentiabsolutparts of the
West where property tax caps are more common, sales taxes aaniber of land use
decisions, and reform efforts must focus on this dynamic.

According to the National Association of Industrial and Office Prags®t (NAIOP) web
site, where localities have taken steps to reduce competitidaxf base the following
lessons can be drawn

¥ In the Twin Cities Region in Minnesota, this technique has notabiycesl
disparities among the localities included in the pool concerningabséssed
non-residential property values per capita. When this arrangemepuwiago
effect in 1975, the greatest disparity was 50 to 1; today itie 12It is not clear
whether this technique has greatly reduced competition among adjaoesairioy
localities for added non-residential development projects.32

¥ In the Dayton, Ohio, region, this technique has made it possibiheuitiple
municipalities to cooperate in promoting the economic development ehthie
region, including the provision of affordable housing and cultural fasliti
serving the entire region.

¥ In the Hackensack Meadows District, in New Jersey, this techhagienade it
possible for a regional body to develop a land-use plan that is ratiomattie
broader perspective of an entire region, even though that region encanpasse
parts of 14 municipalities and two counties, without causing fdisadvantages
to any of the those 16 legal entities.

¥ In Rochester, New York, the city is able to collect more funal® the local
option sales tax that flows through the county government than it could if it
charged that tax only within its own boundaries.

> http://www.naiop.org/governmentaffairs/growth/sthofm.



7.3. Regional and Local Policy Recommendations

Many local governments are committing to action to reduce greenhousmgafons;
more than 650 mayors have signed on to the U.S. Conference of Mayoraté Cl
Protection Agreemerit,and about 400 have signed on as OCool MayorsO with ICLEIOs
Mayors for Climate Protection prograthThe Sierra Club, in partnership with King
County, Washington; Fairfax County, Virginia; and Nassau County, New Yex&ntly
launched the OCool CountiesO campaign. To achieve their greenhoadejasr
goals, these localities will have to include policies that redMe&. The following
policies can help local governments reach the @0Quctions they want, while also
creating and supporting strong, healthy, diverse communities where people b
choices in where they live and how they get around:
1) Change the development rules to modernize zoning and allow mixed-use,
compact development;
2) Favor location-efficient and compact projects in the approval process;
3) Prioritize and coordinate funding to support infill development;
4) Make transit, pedestrians, and bikes an integral part of commurigjogenent;
and
5) Invest in civic engagement and education.

7.3.1. Change the Development Rules

Examine the Rules and Regulations That Govern Developmentl Betermine if and
how They Need to be Changed to Get Smart Growth That Redu€@eE@issions

As discussed in the State Policy Recommendations section, many cdiesnwant to
create mixed-use neighborhoods, integrate new development with ttapsijtadlow
more density and more compact neighborhoods, offer more types of housirggvto all
people of different income levels to live in the same neighborhood, oreexdewalks,
bike lanes, and other bicyclist and pedestrian amenities. But nmahghét their
development rules do not allow them to get the type of development they want
Sometimes a community may even develop a vision of what its reswdant$rom
development, only to find that it simply is not possible to fulfi# ision under the
existing regulations. Part of the strategy for reducing @®issions from vehicles is to
make it easier to build more location efficient, compact agreents that allow people
to choose walking, bicycling, or public transit.

To achieve that goal, communities should examine their developmenanaleetermine
if and how they need to be changed to meet smart growthyedQction, and other
community goals. Several tools, such as scorecards and zoning codesagditsilable

%8 As of August 2007; settp://usmayors.org/climateprotection/listofcit@spfor the list of signatories.
%9 Seehttp://www.coolmayors.com/common/directory/brows@yers.cfm?clientiD=1106for the list of
mayors.
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to help communities figure out what they need to change to get thefldedelopment
they want® Some opportunities for reform include:

zoning codes;

subdivision regulations;

street design standards;

parking standards;

annexation rules;

design guidelines; and

any other regulation that affects the location and design of development

K K K K K K K

Rarely do these regulations require a complete overhaul to makegsowaitt projects
permissible Oby rightO; many times, it can be done with toolrd&iigolans or overlay
zones.

For example, Nashville/Davidson County, Tennessee, had subdivision regullatibns
applied to rural, suburban, and urban areas equally. Therefore, buildnegdense and
compact development in the central city was not possible. Wigtasse from the Smart
Growth Leadership Institute, the county revised its subdivision regulaotisat

different standards could be applied to different atehmw the county can preserve the
character of its rural areas while permitting the vibrant dgreént it wants in more
urban areas.

Such regulatory reform efforts are largely responding to market detiaind strong
across the nation. A recent national survey of developers found thathranré0 percent
agreed with the following statement about compact, walkable developd@hi:my
region there is currently enough market interest to support signigégaansion of these
alternative developments,O with a high of 70 percent in the Midwest low of 40
percent in the South Central regitm.

State and local governments should also find ways to expedite and eeaplary
projects that meet the U.S. Green Building CouncilOs LEE Deighborhood
Development (LEED ND) certification standards, and consider adojptirsg standards
as their own. lllinois, for example, just passed OThe Greightehood Grant Act,O
which is the first state legislation to tie LEED ND stanlgatio financial incentives. The
lllinois program authorizes the Department of Commerce and Ecor@popiortunity to
issue Requests for Proposals (RFPs) from model development ptbhgdiave received
LEED ND certification, and award up to three grants to reingbupsto 1.5 percent of the
total development costs.

%0 See, for example, the policy and code audit trols the Smart Growth Leadership Institute at
http://www.sgli.org/implementation.htnaind samples of scorecards from around the coantry
http://www.epa.gov/smartgrowth/scorecards/

®! Seenttp://www.nashville.gov/impc/subdivregs/intro.hemd
http://iwww.sgli.org/communities.htm#nashville

%2 Jonathan Levine and Aseem Inam, "The Market fan$portation-Land Use Integration: Do Developers
Want Smarter Growth than Regulations Allovwr?ansportation Volume 31, Number 4, November 2004.
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7.3.2. Favor Good Projects in the Approval Process

Make It Easier, Faster, and More Cost Effective for Good Devel@minProjects to Get
Approved, and Offer Incentives and Flexibility to Get Beti@evelopment

Once communities have reformed their regulations to allow good develgphegnt
should make it easier for that good development to be approved. Préditictakhe
development process is valuable to everyone concerned: developers, locangover
and community members. Laying out the guidelines and rules for whaictde |
government considers a OgoodO development project makes the processdictabler
and fair, as does defining the benefits developers will get froatimgeor exceeding the
communityOs standards. Two main ways to favor good projectsodier tinem
flexibility and to speed the approval process.

Flexibility in meeting requirements gives developers room for innovatidrceeativity,

as well as cost savings. If a development project meets ordsxtteecommunityOs goals
and vision, the developer should be rewarded with, for example, a demsity that
allows them to build more in exchange for providing an amenity the corhynwants,

like affordable housing. Alternatively, local governments can calcthatéraffic

reduction benefits of a development and adjust accordingly how much padddg, r
improvements, or air-quality mitigation the developer needs to deliver.

Developers tend to favor an approval process in which projects that fidam
guidelines or are located in targeted areas get streamliriast-dracked approvals.
Communities might guarantee review of the project within a ceatawunt of time, or
they might coordinate the various departments that need to review deealgmoposals
so that review happens quickly and smoothly. Of course, the processohude several
opportunities for meaningful public input and review and must ensure comphdthce
other environmental safeguards.

Some communities do this by setting out specific desirableiaritary development that
meets these criteria gets a fast track to approval. Witadhent of the LEED-ND green
development guidelines, communities have a good starting point for sstirdards to
define walkable, environmentally responsible neighborhoods.

In Austin, Texas, the city developed a matrix of smart growtbraito help it analyze
development proposals within areas where it wants to encourage developheent
matrix measures how well the project meets the cityOs gwlsling the location of the
project, its mix of uses, its proximity to public transi, pedestrian-friendly design,
compliance with nearby neighborhoodsO plans, and other policy prioritiedinig¢ax
base increases. For projects that score above a certain ldliel mmatrix, the city will
waive some fees or invest public money in infrastructure for thdafenent®

In other places, an outside organization plays a similar roteygep a list of criteria
and offering public support for projects that meet those criteoiaexample, the
Greenbelt Alliance in the San Francisco Bay Area will endorgelal@ments that are

63 Seehttp://www.ci.austin.tx.us/smartgrowth/default.htm
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Opedestrian-oriented and transit accessible, use land efficiemtlprovide affordable
housing.®& The Greenbelt Alliance will send a letter of support to the apiatepr
officials and actively support a project at public hearings if regdeSimilar programs,
with varying degrees of endorsement, are run through alliances inati@myregion$®
While this outside support doesnOt guarantee a faster procesanihefsapproval from
a neutral entity can help some projects get approved.

7.3.3. Prioritize and Coordinate Funding to Support Infill Development

Find Funding Sources to Support Infill Development, Coordinateikding to Get the
Most Impact, and Prioritize Infrastructure Projects to Detaine Where the Investment
will Do the Most Good

Just as at the federal and state levels, local governments ghiouiiize funding,
including infrastructure spending, to support development that helps re@gce C
emissions and meets other community, economic, and environmental godieding
infrastructure funds to infill projects, whether to repair éxgsinfrastructure or build
new facilities, the community is investing in the type of developiietitcan help reduce
CO, emissions by creating more options for residents. Just as impgrigistnot
subsidizing development in far-flung areas that will generate moreleeétips. This
money is a public investment, and it should be spent wisely and wigho#hef doing

the most good for the most people. As the Metropolitan Council of the Cities region
of Minnesota puts it:

For the metropolitan transit and transportation system, putting grekgle the
infrastructure to support it already exists means roadsltimgdt have to be built
Providing transportation options that include fast, convenient transitegrvi
means freeway lanes trdanOt have to be addéad, where new infrastructure
is necessary, investments in more connected land-use patterhe thi#é most
fiscally responsible use of limited public resources for transgiomt¥® [emphasis
theirs]

Scorecards are useful to set priorities for public spendingle®itnithe scorecards
mentioned previously in this chapter, communities can set up chi@sed on location in
an area designated for growth; proximity to transit, housing, workgplaoel other
amenities; need for new infrastructure; and accommodation of autesgbddestrians,
bicyclists, and transit. Infrastructure projects and other expgedithat score highly on
the scorecard get priority, or get more public funding compared tocisdfet score

poorly.

%4 Seehttp://www.greenbelt.org/whatwedo/prog_cdt_indemht

% See, for instance, the Vermont Smart Growth ColiativeOs Housing Endorsement Program
(http://www.vtsprawl.org/Initiatives/sgcollaboratfSGC _housingendorsement.htor the Urban Land
Institute-supported Smart Growth Alliances InforinatNetwork.
(http://www.uli.org/Content/NavigationMenu/MyCommuayiSmartGrowth/SmartGrowthAlliancelnformat
ionNetwork/Smart_Growth_Allianc.htm

%6 2030 Regional Development Framewgaketropolitan Council, pp. 6-7, adopted January2004,
amended December 14, 2006p://www.metrocouncil.org/planning/framework/Frawork.pdf
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To get the most from their investments in infrastructure, itradmsusing, and other
expenditures, local governments should coordinate their land use politidbese
investments. This means directing development to areas arounddtamagits, sharing
parking among different uses, building new schools in places easil\siteds the
neighborhoods they will be serving, and so forth.

7.3.4. Make Transit, Pedestrians, and Bikes an Inte  gral Part of Community
Development

Create a Comprehensive Vision and Plan for Creating Safe ande&sible Routes,
Networks, Environments, and Linkages to Destinations. RewRiges as Necessary,
and Invest in Supportive Infrastructure.

If communities make it easier for people to walk, bike, or nidesit, they create new
options for people besides driving. Making transit, bike, and pedestriant@as@art of
planning guidelines creates predictability for developers and can helgrediic from
new development, which is a major concern of many of those who ladjacent
neighborhoods. Streets that are built with not only cars, but alsddscy@nsit, and
pedestrians in mindNoften known as Ocomplete streetsONare saf@ma#iageople feel
more comfortable walking or biking. They are also often morecditteg with shade
trees, benches, and other amenities. And they provide options for pdapéanOt or
choose not to drive, including children, older people, and people with disabil

Localities should adopt complete streets policies and design guidelioe=ate safe and
welcoming environments for pedestrians, cyclists, and transit Jgerse policies
require the accommodation of all users of the right of way, amls@ew procedures
for ensuring that construction, reconstruction, and maintenance piugdange the needs
of all users. Accommodating new, walkable development on land that ddagelael
shopping centers or factories, or creating transit-oriented developateaisstations, is
likely to require investments in building or retrofitting a streetivork for pedestrians
and cyclists’

A great example of a place that has put all the elements toge#ington County,
Virginia, a suburb of Washington, D.C. Arlington CountyOs master tréaispoplan
includes elements for transit, bicycling, and walkifihe county has two subway lines,
part of WashingtonOs Metrorail system, and numerous bus routesdotdisated its
land use with these transit investments, concentrating developmentlaagway

lines and tailoring bus lines to key corridors. The county has empbasate and
appealing walking and biking environments, putting in bike lanes, sidewatisswalks
(many with OcountdownO pedestrian signals to let people know how muttiegirhave
left to cross the street), and bike and walking paths that conneailsadhat go
throughout the Washington metropolitan region. The county has also brought in car-
sharing services to make it easier for residents to own onestead of two, or to go
without a car. As a result of having all these transportation op#ehisgton has some

%7 See www.completestreets.org.

% See
http://www.arlingtonva.us/Departments/Environmegtalices/dot/planning/mplan/MasterPlans. aspa
copy of the master plan.
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of the highest rates in the country of commuting by means other traonpke
automobile. Thirty-nine percent of Arlington residents commute by ptralsportation,
twice the national average, and 6 percent walk to work, well abewveational average
of 1 percent® The numbers are even higher in the subway corridors; in the Rosslyn-
Ballston corridor, along MetrorailOs Orange Line, 38 percent dérgsiwho live within
half a mile of a station take transit to work, and 73 percentlefs using these Metrorail
stations walk to the stations. The foot traffic has fosteledly commercial, retail, and
residential corridor that comprises only 7.6 percent of the coumtyarka, yet
produces about a third of its real estate tax revenue. Meanathitenobile traffic has
been below projections as county population has grown, showing the bentfasef
transportation options not only for the people who choose to bike, wallkeotrsamsit,
but also for those who drive.

7.3.5. Invest in Civic Engagement and Education

Engage and Educate Citizens in Visioning Exercises, and Req@mportunities for
Meaningful Citizen Participation in Development Decision-Malgn

For plans to be as successful as possible, the people who vidingeand working in the
community must be involved in creating them. This means that residawnt to have
opportunities to learn about the issues and give their input on decisiongmBkiucation
might mean public meetings, gathering and publishing data and maps silgn ea
understood format thatOs relevant to peopleOs lives, or keepingite \Mekosdate on
local development issues. With a foundation of basic knowledge abouidhiess,
people are better equipped to participate in development decisions gunding the
future of their community. When residents are engaged in the deciskingrprocess
from the beginning and feel like their concerns and ideas are beirtyarehconsidered,
they are less likely to fight new development. The extra money spénéss education
and engagement efforts pays off in the long run in better developmeettpribjat move
through the process more smoothly.

One popular form of engagement is a visioning exercise, usually heldegional or
local scale. Participants review various scenarios for theeffuthe region or
community and choose the one that they prefer. Usually there is a @basinsualO
scenario that shows how continuing along the current path will affectspaee, traffic
congestion, development, air and water quality, and other qualiteaédifies. Other
scenarios illustrate what the future could look like with densegldpment, more
transportation options, and development directed to certain areaseovprepen space.

Visioning exercises have been conducted all over the country. One of tlexdeples
is the Sacramento RegiorBdseprint Transportation and Land Use Studshich used an
extensive public outreach process, cutting-edge Internet-accessibieglaoftware,
and a detailed business-as-usual baseline growth forecast to hilipgatd to explore
alternative growth scenarios through 2050. The adopted preferred sdeatuires
sophisticated infill development and transportation investments thadraduce 12.3
fewer daily vehicle-miles of travel per household by 2050, a 27 pergmttion below

% Arlington Master Transportation Plan © Second Difainsportation Demand Management Element
November 2006, p. 9.
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the baseline. Other well-known examples include Envision Utah, whici lied297
and was the first large-scale scenario planning exercise intibe,res well as Louisiana
Speaks, which was launched to help coastal communities craft iguieeat plans after
the devastation from Hurricanes Katrina and Rita and attracte®dy@00 participants.

Visioning exercises create general principles and strategidevyetopment, but the
public should also be engaged in making decisions on specific developmeatsproje
They need to be involved from the beginning for their input to be meaningélthay
need to know that their ideas and concerns are being listened to anddekesly, even
if they donOt end up being incorporated into the project. Some of thedouhunities
use to get citizen input are design workshops, charrettes, publiysuoveublic
meetings.

In a planning ordinance approved in 2001, the town of Davidson, North Carolina,
requires new development projects to hold a charrette to get public Tinase
workshops allow the developer and the townOs residents to understand e@sh othe
concerns and goals and to work together to make sure the developmerthmeets
communityOs needs. The process gives citizens the chance to hax@dbeineard, and
it lets developers deal with problems before they can hold up thetrojae approval
process. Gathering public support at this early stage makes the dgpomess smoother
for developers. Davidson has found that holding ticbseretteshelps preserve its small-
town character and makes it easier to achieve its goal of miikyging and walking
safer and more pleasant.

7.4. Developing a Comprehensive Policy Package

Such a comprehensive overhaul of AmericaOs development processesawilighty
challenge. But it is on the same ambitious scale as other profiusadse being
considered in the climate change debate, including efforts to switelnewable fuels,
dramatically increase vehicle efficiency, end oil imports frontilgosations, or renew
investment in nuclear power.

The fact is, no gigaton of reduction will come very easily, andrfeethods are likely to
take advantage of consumer demand as much as those discussed in thisfaogk.
many of the reforms discussed here focus on making government rulegalations
more flexible to give people more of what they want. Also, most ofdhemunities that
have adopted these reforms have done so for a wide variety of selfsted reasons,
like traffic management or financial rewards, and not becaugenisbed to reduce
greenhouse gas emissions. We are confident that these improvenikatbudt
environment can offer tremendous win-win benefits, and hope that theseotypolicies
do get implemented across the nation and the world. They should besemslde
complement to any other climate policies that focus on energy, v&hpdeer plants, or
other strategies.
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8. Conclusion

With regard to urban development and travel demand management, thiajiarblasks
and answers three critical questions facing the urban planning poofdssid
development community, and federal, state, and local policy makers:

¥ What reduction in vehicle miles traveled (VMT) is possible inWinged States
with compact development rather than continuing urban sprawl!?

¥ What reduction in C@emissions will accompany such a reduction in VMT?

¥ What policy changes will be required to shift the dominant land develtpme
pattern from sprawl to compact development?

The answer to the first question is a 20 to 40 percent reductii Tnfor each

increment of new development or redevelopment, depending on the degree tbeghich
practices are adopted (see Chapter 3). The answer to the secdimhdsi@s? to 10
percent reduction in total transportation fnissions by 2050 relative to continuing
sprawl (see section 1.7). The answer to the third questioseisad dramatic policy
changes at all three levels of government (see Chapter 7).

Unlike other vehicle emissions, G@&missions have never been regulated. Given the
difficulty of changing longstanding policies, development patterns and atétiyn
lifestyles, is the 7 to 10 percent reduction in,@issions worth the effort? The answer,
we believe, is Oyes,O for three primary reasons:

¥ The U.S. transportation sector cannot reach a sustainable |&@} eimissions
through vehicle and fuel technology improvements alone. It also needs te reduc
VMT, as the third leg supporting the policy stool (see Chapter 2).

¥ The shift from sprawl to compact development will have many otteeroesic,
environmental, and quality-of-life benefits, so any OcostsO @@hiseduction
strategy will be offset by additional quantifiable benefits (setiens 1.5 and
1.6).

¥ Reductions in VMT and C£emissions with compact development are sizable
and long lasting compared to reductions achievable with other avaitdiolesa
(see section 1.7 and Chapter 3).

¥ Compact development provides an insurance policy against the worss effect
climate change and oil price spikes. In the worst case,ntlorduture residents
of compact development will have a variety of viable transportationropti
while the residents of sprawl! will not.
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