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PREFACE

Our past and current paradigmof transportation investment has created a transportation system
that is focused on road building and the private auto. This system has given our country an
unprecedented level of individualmobility and facilitated economic growth fromcoast to coast.
As important as these benefits are, they have come at a high price—costs to our environment and
the health of our communities. U.S. residents—especially our children—aremore obese and
overweight than ever before due in part to sedentary lifestyles and the lack of opportunity for
everyday physical activity. Traffic crashes cause close to 40,000deaths a year, and exposure to
air pollution from traffic results in high rates of asthma and respiratory illness. These negative
outcomes have the largest effect on thosewho aremost vulnerable—the elderly, children, and
traditionally underserved and disadvantaged (low income andnon-white/ethnicminority)
communities—themost, through greater adverse health impacts and through a relative lack of
access to economic, recreational, and social opportunities.

The full costs to public health of transportation are only beginning to be understood. Although
health impacts—such as not being able to walk safely to school or breathe clean air—may not
seem tangible, they can in fact be valued. These costs are as real and in certain instances as
measurable as the costs of steel and concrete. It has often been said that “what getsmeasured
gets done.” To date, the costs of public health impacts have been “externalized”—that is, they are
not accounted for in the current framework of planning, funding and building highways, bridges
and public transit. No doubt, different decisions about transportation investments would be
made if health-related costs were incorporated into the decision-making process.

A look at our cities and towns confirms that sidewalks, bikeways do not competewell against cars
for lane space—and transit funding is a fraction of what is spent on roads. Formany years, public
transit, bicycle lanes, and trails and sidewalks have suffered froma lack of investment. Amore
balanced transportation system isneeded, or these costswill continue to grow andundermine the
country’s economic health and quality of life. Fortunately, there are plenty ofmodels illustrating
how to engineer physical activity and safety back into everyday lives, and plenty of opportunities
to create the political support, funding systems and evaluativemethods to do so. This document
outlines some of those pathways and opportunities, and the role the public health community
can play.

A report prepared for theAmerican PublicHealth Association byUrbanDesign 4Health, Inc.March, 2010
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Introduction

How Transportation Investment Impacts Health Costs

Transportation investments shape lives and communities.Highways, sidewalks, bike paths, trains and bus
services connect people to friends and family, jobs, shopping, school, and countless other activities. Trans-
portation investments, and the transportation systems that emerge from those investments, also shape the
buildings andneighborhoods that they link together. The combination of transportation systems and land use
patterns—known as the built environment—influences the relative speed, out-of-pocket cost, convenience,
and comfort of different travel options. These factors impact how individuals choose to get around on a daily
basis—andwhether they do so via active or sedentary, polluting or non-pollutingmodes of travel.

This report outlines how the connection betweenhealth and the built environment impacts the pocketbook;
it also provides a summary of the process of planning, funding and building transportation systems, and
discusses key opportunities for public health professionals to get involved in the process.

The health impacts of transportation investment involve costs and benefits that are often unaccounted for in
the current systemof transportation planning and funding. These costs and benefits can be personal—for
example, theweight loss that occurs when onemoves to an areawhere it is easy and pleasant to walk and bicycle
or to take transit to workmaymean fewer, and less costly, visits to the doctor. Costs can also be societal—the
health impacts of physical inactivity increase the costs of health care for everyone, not just thosewho aren’t
getting enough exercise.

HOW TRANSPORTATION IMPACTS HEALTH COSTS. Transportation investments impact health directly,
and also indirectly through their impact on land use. Investments in transit, walking and bicycling facilities
support transit use, walking and bicycling directly; they also support the formation of compact, walkable,
transit-oriented neighborhoods that in turn supportmorewalking, bicycling and transit and less driving.
These built environments have repeatedly been associatedwithmorewalking, bicycling and transit use,1-3

more overall physical activity,4-7 and lower bodyweights;8-10 lower rates of traffic injuries and fatalities,
particularly for pedestrians;11-12 lower rates of air pollution13-14 and greenhouse gas emissions;15 and better
mobility for non-driving populations.16-18 Slowermodes such aswalking and biking can be integratedwith
transit and create healthier travel options. Increased transit use is associatedwith greater odds of getting re-
quired levels of physical activity in turn reducing the chances of chronic disease onset.19

On the other hand, an “auto-oriented” paradigmof transportation investment leads to auto-oriented land use
patterns, where neighborhoods and buildings are built to accommodate the car. Not only is the design of these
places less friendly and efficient for non-auto travel, but the sheer distances thatmust be overcome to get from
place to placemeans the near exclusion of transit, bicycling andwalking. Because the people living in these
auto-oriented places thenhave little choice but to continue to drive, a vicious cycle is created:Moremoney is
spent on roads to ease congestion, which fuelsmore auto-oriented land development, which then generates
demand for yetmore roads. Auto-orientedneighborhoods are thus associatedwithmoredriving,20-22 less
physical activity,23-26higher rates of obesity,27-29 chronic diseases30 and traffic injuries/fatalities,31-32higher
rates of air pollution33-34 and the economic and socialmarginalization of non-driving populations.35-37
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PHYSICAL ACTIVITY AND BODY WEIGHT. Auto-oriented built environments necessitatemore time
spent driving, a sedentary (and often stressful) activity, while taking away time thatmight otherwise be used
for health-promoting activities such as exercise or timewith friends and family. Investments in transit, pedes-
trian and bicycling facilities allow us to buildmoderate physical activity into our daily lives, by walking, bicy-
cling or taking transit38 towork, school, shopping or other everyday activities. They also help to shapewalkable,
transit-oriented communities that essentially allow larger concentrations of people to walk, bicycle and use
transit formore of their trips.

AIR POLLUTION. Because vehicle transportation is polluting, built environments that result inmore driving
will generatemore air pollutionper capita.Dependingon thepollutant and the specific climate /weatherpatterns
in a region, air pollution impacts can be global (in the case of greenhouse gases and climate change), regional
(in the case of ozone) or local (as with fine particulatematter). Exposure to air pollution can result in asthma
and other respiratory illnesses and trigger cardiac events—particularly among sensitive populations such as
youth and the elderly. Because they concentrate people and traffic into smaller areas, communities that are
morewalkablemay havemore residents who are exposed to hazardous air pollution.39Even though residents
in awalkable neighborhoodmay be polluting less per capita, the total amount of pollutantsmay be higher than
in low-density neighborhoods, especially for localized pollutants such as fine particulatematter. It is impor-
tant to consider each individual case carefully, especially where vulnerable populations (children, low-income
groups, the elderly) are concentrated—inmedical centers, schools, play fields and senior centers. Additional
measures that physically separate vehicle traffic frompeople and encourage cleaner-burning cars, buses and
trucks (particularly those that run onhigh-polluting diesel) should be a priority in high-risk areas.

TRAFFIC SAFETY. Traffic crashes killed nearly 35,000people in 2008, and over 10 percent of those killed
were pedestrians40—an enormous toll on our society. Crashes also tend to kill or disable people at a fairly
youngage—forAmericansunder age34 traffic crashes are the leading causeofdeath.41Theconnectionbetween
the built environment and traffic safety works in several ways. For example, themore people drive, themore
likely they are to be in a crash.42Wide roads that are designed tomove asmuch traffic and at the highest speed
possible increaseboth the likelihoodand the severity of a crash—especially for cyclists andpedestrians.43-46The
presenceof sidewalks and design of streets, intersections and other crossings can also support or undermine

TABLE 1 HOW TRANSPORTATION IMPACTS HEALTH AND EQUITY COSTS
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pedestrian safety. Narrower streets with sidewalks, bicycle lanes and prominent crossings for pedestrians can
slow traffic and reduce the number of severe crashes.47

HOUSEHOLD EXPENSES AND EQUITY. Homebuyers and renters frequently trade off less expensive
housing for a longer commute, and then find themselves trapped into spendingmore hours behind thewheel
andmoremoneyongas andvehiclemaintenance. For low-incomehouseholds, accessing jobs andservices from
a lower-cost home locationmaymean trying to get by on the lower quality public transportation in rural or
suburban areas or deferring other household expenses in order to continue to get to work by car. Once the
expenses of vehicle ownership are accounted for, close-in, walkable and transit-oriented neighborhoodsmay
actually be less costly than suburban locations48-49because they allow families to reduce auto ownership or just
drive less. TheCenter forNeighborhoodTechnology has created amapping tool that calculates housing and
transportation affordability for some of the largeUS cities, helping to illustrate this phenomenon.50

Investments in improving transit service to neighborhoods that are already centrally located andwalkable can
therefore benefit low-incomehouseholds, especially when these improvements aremade in combinationwith
strategies to provide affordable housing.

Walkable Communities: A Triple Win

Becausehealth care costs are a seriouspolicy concernon their own, it becomesevenmore important to recognize
preventivemeasures as a solution.Working together, urban planners and public health professionals can help
people tomaintain a higher level of personal health through their everyday surroundings.Walkable, transit-
oriented built environments, especially those that are centrally located, can be awin-win-win, producing
benefits to the environment, to the efficiency and equity of the transportation system, and to public health.
Making a neighborhoodmorewalkable can also create a safer, lively andmore interesting place, give a region’s
residentsmore housing and lifestyle choices, and reduce the personal costs of transportation andhousing. In
compactly developed areas, providing essential
infrastructure such aswater and sewers; garbage
and recycling services, fire and police services;
schools will bemore efficient and less expensive
per capita than in large, sprawling areas. One
study estimated that if theU.S. grew in amore
compact way between 2000 and 2025, the country
could save $110 billion in local road costs.51

The SacramentoArea Council of Governments
estimated that a compactly developed Sacramento
regionwould save the region $9.4 billion in
infrastructure costs through 2050, compared to
continuingwith a “business-as-usual” land use
pattern.52

Recent research has documented thatmany
people prefer to live inwalkable neighborhoods.
Consumer surveys,53-54 demographic trends,55

and construction trends56 indicate a substantial
and growingmarket for homes inwalkable places.
One study inAtlanta showed thatmany people are
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currently living in lesswalkableneighborhoods than theywouldprefer.57By simply accommodating thedemand
that exists for walkable neighborhoods, those people who choose to live in themcan bemore active. This will
benefit health as well as lowering health care costs for all.Making underserved neighborhoodsmorewalkable
can also increase access to goods and services at no cost to residents.

Calculating the Costs
to Health

The consequences of inactivity, obesity, exposure to air pollution, and traffic crashes in theU.S. are staggering
when viewed in termsof cost. Tragically, these costs are also largely preventable. The cost of obesity/overweight
has been estimated at $142 billion (2008 dollars) inmedical expenses, lost wages due to illness and disability,
and the future earnings lost due to premature death.58A2002 study estimated obesity-related healthcare costs
to be asmuch as 9.1 percent of the country’s total health care spending.59The health costs associatedwithpoor
airquality fromtransportationareestimated to range from$50to$80billionperyear (2008dollars),when
accounting for healthcare costs and premature death.60The cost of traffic crashes reaches about $180billion
annually (2008dollars), includinghealth care costs, lost productivity andwages, property damage, travel delays
due to traffic crashes, administrative and legal costs, andcosts due topain, suffering and lost quality of life.61

The National
Health Costs
of…

$$
(Billions)

Estimate Includes Source

Obesity and
overweight

$142 • Healthcare costs
• Lost wages due to

illness & disability
• Future earnings lost by

premature death

National Institutes of Health, National Institute of Diabetes
and Digestive and Kidney Diseases. Statistics Related to
Overweight and Obesity: The Economic Costs.

Available at: http://win.niddk.nih.gov/statistics/index.htm

Air pollution
from tra!c

$50-80 • Health care costs
• Premature death

Federal Highway Administration. 2000. Addendum to the
1997 Federal Highway Cost Allocation Study Final Report,
May 2000.

Available at: www.fhwa.dot.gov/policy/hcas/addendum.htm

Tra!c crashes $180 • Healthcare costs
• Lost wages
• Property damage
• Travel delay
• Legal/administrative

costs
• Pain & su"ering
• Lost quality of life

AAA. Crashes vs. Congestion? What’s the Cost to Society?
Cambridge, MD: Cambridge Systematics, Inc.; 2008.

www.aaanewsroom.net/assets/#les/20083591910.
crashesVscongestionfullreport2.28.08.pdf

All cost estimates adjusted to 2008 dollars.

The consequences of inactivity, obesity, exposure to air pollution, and tra!c crashes in the U.S. are staggering when viewed in terms
of cost. Fortunately, with certain policy changes, these costs are largely preventable.

THE COST OF TRANSPORTATION-RELATED HEALTH OUTCOMESTABLE 2

Available at:
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Morework is needed to develop “health cost analysis” and to ensure that health is considered in the cost-benefit
analysis of transportation planning, policy and decisionmaking. Severalmodels have been developed and are
being used, and a large amount of data and research exists that canbeused as the basis for the analysis.However,
there areno standardmethods,models or specific guidelines for these calculations, although federal agencies
frequently have standards for impacts (for example, theCleanAirAct standards are health based) and costs that
canbe applied to a cost analysis.With any assessment, a number of assumptionswill need to bemade.

Calculating health costs of changes in investment or policy decisionswill require different sets of data,models
and considerations for each scenario. There are three basic steps to a cost analysis:

1 DETERMINE THE POPULATION THAT IS EXPOSED OR AFFECTED. For example, this can be
the percentage of obese and overweight individuals in an area; the percentage of people exposed to unsafe
levels of air pollution; or the number of deaths or serious injuries due to traffic crashes.

2 DETERMINE THE HEALTH IMPACT TO THE EXPOSED POPULATION. To do this requires
determining thehealth impact associatedwith a certain environmental conditionor change in conditions.
In this step itwill typicallybenecessary toapply the resultsobtainedbyother researcherswhohaveexamined
the health impact of the change being considered.

3 DETERMINE THE COSTS ASSOCIATED WITH THAT HEALTH IMPACT. These costs can include
the costs ofmedical care or hospitalization, absenteeism fromwork or school, and costs due to pain and
suffering, premature death or disability. The costs that are included in the analysis will vary depending on
the type of impact being estimated. Intangible costs such as pain and suffering and value of lifemay ormay
not be appropriate to include—however, documenting these costsmay actually be themore conservative
approach. Again, in this step it will be necessary to apply thework of other researchers; government
agencies alsomay publish recommendations on cost standards.Whenever possible, costs should be
adjusted so that they reflect local cost of living and inflation.

The following examples are conceptual and showhowhealth costs or benefits can be calculated for changes in
pedestrian safety, air pollution andphysical activity. These examples are drawn fromwork of other researchers,
detailing themethods and approaches they used to arrive at the estimates.

CASE STUDY :: Traffic Safety

The SanFranciscoDepartment of PublicHealth estimated howplans for growth in five San Francisco
neighborhoodswould impact pedestrian injuries frommotor vehicle collisions.62-63

Method:

1 DETERMINING AFFECTED POPULATION: The population in five San Francisco neighborhoods
whichwere being studied for increased residential development.

2 DETERMINING HEALTH IMPACTS: A citywide analysis was used to determinewhich factors were
most highly correlatedwith pedestrian-vehicle injury collisions.64These factors included traffic volume,
proportion of arterial streets without public transit service, land area, proportion of households without
cars, proportion of residents commuting via walking or public transit, and total number of residents.
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Findingswere applied to projected increases in population and traffic in each of the neighborhood plans
in order to estimate the change in pedestrian injury collisions, resulting in a projected increase of 17
percent, or 32 additional collisions in those five neighborhoods each year. These results were largely due
to high existing traffic volumes andhigh pedestrian crash rates in the five neighborhoods, exacerbated by
the planned increases in residential population. To estimate the health impacts of these pedestrian injury
crashes, the distribution of pedestrian collisions by severity for the city of San Francisco over a five-year
periodwas applied to the additional projected crashes (see first column inTable 3).65

3 DETERMINING HEALTH COSTS: CaliforniaHighway Patrol estimates of traffic injury costs were the
basis of thehealth costs calculation, as shown in the table’s second column.The cost factorswhich included
cost of property damage, lost earnings,medical and legal expenses, and costs of pain and lost quality of
life, were adjusted for inflation.66 The estimates are conservative in that they assume only one pedestrian
is injured per vehicle collision.

Thepotential costs of these health impacts arenearly $3.5millionper year—on topof themore than$116million
in existing pedestrian injury costs. Thismakes additional public investment in pedestrian safetymeasures,
such as traffic calming and reducing local vehicle traffic volumes, seemexceptionally prudent.

CASE STUDY :: Air Quality and Exposure to Air Pollution

Researchers fromCalifornia StateUniversity—Fullerton calculated the health cost savings ofmeeting federal
standards for fine particulates and ozone inCalifornia’s SouthCoast and San JoaquinValley regions.67

Method:

1 DETERMINING AFFECTED POPULATION: Researchers used a computermodel to estimate the
population currently exposed to unsafe levels of air pollution in both regions.

Citywide
Crash

Distribution
(5 year

average)

CHP value
per accident

Estimated
existing
crashes

Estimated cost of
existing crashes

Projected
additional

crashes
with new

development

Estimated cost
of additional

crashes with new
development

Fatalities 3% $ 2,709,000 28.3 $ 76,664,700 0.96 $ 2,600,640

Severe injuries 10% $ 180,000 94.2 $ 16,956,000 3.2 $ 576,000

Visible injuries 36% $ 38,000 339.1 $ 12,885,800 11.52 $ 437,760

Pain complaints 51% $ 20,000 480.4 $ 9,608,000 16.32 $ 326,400

Total 100% -- 942 $ 116,114,500 32 $ 3,422,400

TABLE 3 THE COST OF TRAFFIC CRASHES IN FIVE SAN FRANCISCO NEIGHBORHOODS
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2 DETERMINING HEALTH IMPACTS: Research results from the scientific literature on air pollution
were used to estimate the health impacts on the affected population. The researchers calculated impacts
both for current conditions and for a scenario inwhich air quality standardsweremet.

3 DETERMINING HEALTH COSTS: In the cost estimating step, other research findings and federal
standardswere used to calculate the cost of premature death,medical expenses due to illness and
hospitalization, and lost wages and the value of avoided illness (where possible, these rates were adjusted for
California income levels and current year [2007] dollars). These rates were applied to each of the health
impacts that would be avoided bymeeting the standards.

The study did not separate out the impacts ofmotor vehicle air pollution fromother sources of air pollution—
however, we know vehicles contribute significantly to air pollution. In the San JoaquinValley, on-roadmotor
vehiclesmake up 58 percent of oxides of nitrogen (NOx) emissions, one of themajor contributors to ozone,
and 11 percent of fine particulates. In the SouthCoast region, on-roadmotor vehiclesmake up 53 percent of
NOx emissions and about 15 percent of fine particulates.68Both regions have severe air quality problems, and
someeting the air pollution standardswill require a significant and coordinated effort. However, the analysis
clearly establishes the value of doing so.

CASE STUDY :: Physical Activity and Body Weight

Researchers from theUniversity of California-Irvine, University ofWisconsin-Milwaukee andUniversity of
Texas-Austin calculated cost savings from reductions in coronary heart disease deaths and overallmortality
due to increases inwalking inspired bymore pedestrian urban design.

Method:

1 DETERMINING AFFECTED POPULATION: Portland,Oregonmetro region

2 DETERMINING HEALTH IMPACTS: Using travel diarydata for thePortland,Oregonregion, researchers
first determinedwhich of the following urbandesign characteristicswere significant predictors of physical
activity: street connectivity, retail employment density, total employment density, population density and
proximity to downtownPortland. The analysis accounted for sociodemographic traits (age, race, gender,
income andhousing tenure) and potential self-selection bias (i.e., personswhoweremore predisposed

San Joaquin South Coast (Los Angeles, Orange,
Riverside and San Bernardino counties)

Costs of air pollution (per year) $1,600 per person $1,250 per person

Savings if air quality standards
are met (per year) $6 billion regionwide $22 billion regionwide

HEALTH SAVINGS FROM MEETING AIR QUALITY STANDARDSTABLE 4
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to walkingwould choose to live inmorewalkable neighborhoods),making the resultsmore conservative.
The findings of the analysis were applied to two scenarios: a “low change” scenario increasing each urban
design value from the regionalmedian to the 75th percentile, and a “high change” scenario that increased
each to the95thpercentile. To calculate health benefits, researchers assumed that a change inurbandesign
would impact 5,000people—a significant but not unusual change roughly the size of a transit station area
or a neighborhood. Existing research on the impact of physical activity onmortality rates69was used to
calculate the number of lives saved per year for each scenario and each design characteristic.

3 DETERMINING HEALTH COSTS: To estimate the health cost savings,monetized values of human
life frompreviously published sources were applied. The lower value of human life ($2.47million70) was
applied to the “low change” scenario, whereas the higher value ($7.98million71) was applied to the “high
change” scenario. The final values therefore had awide distribution because they reflected both the
differing assumptions for value of life and the differences in lives saved for each scenario.

In addition to demonstrating that there are substantialmonetary benefits due to additional physical activity
associatedwithmorewalkable urban form, the results show the potential value of changing a single urban form
characteristic (for instance, a regulation that increases allowable development densities), ormaking a combi-
nation of changes (for example, adding the benefits of increasing street connectivity and retail development
together). These results can therefore be useful for policy analysis by incorporating the potential benefit from
reducedmortality into existingmethods for benefit/cost analysis.

Land Use/Urban Change in Amount Number of Persons Annual Lives Present Discounted
Design Characteristics of Walking (Miles, Who Will Move from Saved Value (in Dollars)

Over a Two-Day Period) First to Second Tertile
of Physical Activity

Low High
(median–75th (median–95th Low High Low High Low High

percentile) percentile)

Street connectivity
0.3816 1.1844 22.79 78.59 0.0456 0.1572 $2,255,107 $23,205,007(intersection density)

Retail employment
density (retail jobs/ 0.0652 0.9734 4.72 62.09 0.0094 0.1242 $466,574 $18,331,955
0.0652 square mile

Total employment
density (jobs/1.0648 0.0019 1.0648 1.57 66.02 0.0031 0.1320 $155,525 $19,492,206
square mile)

Population density
0.2581 0.549 15.72 28.29 0.0314 0.0566 $1,555,247 $8,353,802(persons/square mile)

Distance to central
–0.8108 –2.5054 45.58 209.05 0.0912 0.4181 $4,510,215 $61,725,318business district (miles)

ESTIMATED COST SAVINGS FROM WALKABLE URBAN DESIGNTABLE 5
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CASE STUDY :: Housing and Transportation Costs

People who are able to live in close-in, walkable and transit-oriented communities can realize savings from
transportation. Researchers recently documented these costs for theAtlanta region. Based on research results
from the SMARTRAQ study, an average two-car household in a highly walkable neighborhoodwas estimated to
use 25% less gasoline per year than a similar household in one of the region’s least walkable neighborhoods.
At a cost of $3 per gallon, this is an estimated savings of $786 per year in gasoline costs alone. If a household is
also able to reduce car ownership, its savings increase to $4,600per year, evenwhen factoring in the addi-
tional cost of public transportation.72There alsomay be health benefits from reduced car ownership, as found
in one study on youth that was based on the sameAtlanta region data set.73

The Transportation Investment
Process—The Current Paradigm

Withall of thehealth andenvironmental benefits theyoffer,why is it sodifficult tomake large-scale investments
in sidewalks, transit, and bicycle facilities?Our current paradigmof transportation planning and investment
has been a tremendously successful system for building streets, roads andhighways, but works less well for
expanding and improving othermodes of travel. This paradigm is slowly changing inmany urban areas, but
current planning and funding practices are still biased toward carmobility and road expansion—making it
difficult to implement a larger shift toward investment in transit, pedestrian and bicycling infrastructure.

Current practices frequently emphasize reductions in congestion or travel time, and themovement of vehicles
over themovement of people. A “supply-side,” capacity-oriented approach has been the norm, and only
recently have demand-side or behavioral approaches to transportation investment been consideredmore
seriously.While there aremany instances where transit investments are prioritized, our current system tends
to favor investments that shownear termgains in congestion.Most often, thatmeansmore roadway capacity.

Today’s systemof planning and funding is a holdover from the initial structure set up to implement theU.S.
interstatehighway system in theEisenhower era. This systemestablished the current systemof statedepartments
of transportation (DOTs) and gave these agencies the funding, and broad discretion, to buildwhat is now the
interstate system. The federal government also set up theHighwayAid Trust Fund (known as theHTFor Title
I) and the federal gas tax was established as a funding stream for theHTF. AlthoughHTF funding has recently
dried up due to declines in driving and increases in fuel efficiency, until recently it provided a consistent,
dedicated funding stream for transportation investments. Project funding is blended between federal and
local sources. Formostmajor projects, the federalmatch is 80 percent and the localmatch is 20 percent. The
local share is often derived from the gas tax as well;many state constitutions require that gas tax funds be spent
only on roads and bridges. Other transportationmodes do not have asmuch, if any dedicated funding. The
Federal Transit Administration, founded in 1964 by President Lyndon Johnson, has no dedicated funding
source and is reliant on yearly congressional appropriations, guided by the federal transportation bill. Federal
investments in bicycle and pedestrian facilities are similarly reliant on congressional appropriations.

Additionally, under the current paradigm, the analyticalmethods used to select and prioritize projects for
funding are limited in scope and simply donot account formany of the costs of roadbuilding. Themethods used
to select transportation projects typically provide, at best, an incomplete accounting of a project’s potential
health costs and benefits. AGovernment Accountability Office survey of stateDOTs and transit agencies found
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that although assessments of costs and benefits often play some role in the decision-making process, formal
cost-benefit analysis is rare, and “not necessarily themost important factor” in project selection.74Although
the report includes no data on how frequently health costs and benefits are incorporated into cost benefit
analysis, its results indicate thatmore thorough accounting systems are needed to bring health into the
decision-making process.

Although themethods used in the transportation planning process vary a great deal fromplace to place, they
typically rely on similar analytical processes to weigh and prioritize potential projects: alternatives analysis,
cost-benefit analysis and environmental impact assessment.We discuss each of these processes inmore detail
below. For public health professionals, participating in these processes can be another important way tomake
sure public health is properly considered in decisionmaking.

Alternatives Analysis. The core of the transportation planning process is the alternatives analysis. Alternatives
analysis, also known as scenario planning, is used to identify the best set of transportation investments within
a given corridor or area. An alternatives analysis can be triggered by specific deficiencies or complaints (for
example, high rates of pedestrian accidents or growing vehicle congestion), by a long-range planning process,
or by a desire to revitalize or further develop an area. Alternatives analysis typically includes public input
throughout the process, especially for larger or federally funded projects.Whether it is large or small, an alter-
natives analysis generally involves the following steps.

1 DEFINE THE PURPOSE AND NEED FOR THE STUDY (reduce congestion; improve safety, stream-
line freight traffic, etc.). The purpose andneed statementwill frame all subsequent parts of the analysis,
so health concerns should be included at this stage to ensure that health concerns are considered as
appropriate.

2 DEFINE THE SCOPE OF THE ALTERNATIVES TO BE MEASURED (Will the project consider
mass-transit alternatives oronly roadway alternatives?Will all or someof the alternativesbemultimodal?).
Fromapublic health perspective, alternatives shouldbe explicitlymulti-modal or focusedon activemodes
of transportation.

3 FURTHER DEFINE THE SPECIFICS OF EACH ALTERNATIVE. Typically, alternatives are refined
in an iterative process with the subsequent step—as impacts are estimated, the alternatives are refined to
better support the project’s goals.

4 MEASURE THE IMPACT OF EACH ALTERNATIVE. Numerousmethods areused toweigh the relative
impacts (positive andnegative) of each alternative, including transportation and land usemodeling,
cost-benefit analysis, and environmental impact assessment. Transportation planners rely heavily on
transportation and land usemodels to understand how an alternative will impact traffic congestion and
travel overall. However, thesemodels can have numerous limitations, particularly in how they react to
bicycle and pedestrian improvements.

5 SELECT AN ALTERNATIVE AS THE “PREFERRED ALTERNATIVE.”

Environmental and Health Impact Analysis. TheNational Environmental Policy Act (NEPA) requires docu-
mentation of the environmental impacts of federal actions or projects receiving federal funding. The resulting
Environmental Impact Statement (EIS) is presented to Congress when related funding or legislation is sought,



and the impact statement ismade available to the public. Although the findings of anEIS arenot legally binding,
they can have amajor impact on a project’s ability to be funded or receive othermeans of legislative support.

When the requirements ofNEPA are read through a lens of public health andwelfare, its intent is clear.
Promoting “health andwelfare” is part of the Act’s stated purpose.75NEPA’s language and requirements
consistently extend beyondnon-human environmental impacts to social, cultural, and health concerns—
direct, indirect and cumulative in scope.76 Since 1996,NEPAhas required EISs to address environmental
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are also typically externalized. Oftenwhen a new roadway is built, travelers will change their driving
behavior to take advantage of what theymight perceive as a benefit, such as a shorter drive to commercial
services.However, short-termeffects, the positive benefit will be limited because asmore people take
advantageof the roadway, anybenefits realizedby thenewroadwill likely beoffset by increased congestion,
air pollution and other outcomes. For roadway construction and expansion projects, impacts will likely
be quantified as negative, since they result inmore auto oriented fringe development andmore driving.
For transit projects, indirect impacts aremore likely (but not certain) to generate benefits—reductions
in driving and, potentially, infill and/or transit-oriented development around transit stations.

The exclusion of indirect land use and traffic costs alsomeans the exclusion of a number of other costs:
the impacts of indirect land development on physical activity and obesity; the cost of the additional
infrastructure (local roads, water and sewers, schools, fire, police services) necessary to serve indirect
land development; and the impact of induced traffic on health and the environment (incremental air
pollution, noise, climate change andwater pollution costs).

• SCOPE OF COSTS ESTIMATED. The scope of costs that are included in estimatesmay be limited.
For example, the costs of pain and suffering and other intangible costs are frequently left out of cost-
benefit analyses due to the desire for amore “conservative” approach.However, an approach that uses
the precautionary principle to avoidharmful action85—and therefore accounts for all potential costs of an
action–mayactually be themost conservative andhealth-protective approach.86

• OBESITY AND PHYSICAL ACTIVITY IMPACTS, COSTS AND BENEFITS. Because the research
on the link between transportation, the built environment and physical activity/obesity is relatively new,
there have been limited opportunities to integrate it into current transportationplanningprocesses, and
there areno requirementswithin the planningprocess to do so.However, there is a large and growingbody
of available evidence linking transportation and land use patterns to physical activity and obesity, and
physical activity and obesity to costs.

• OTHER HEALTH IMPACTS, COSTS AND BENEFITS. Other health impacts of transportation
investment can include noise, water quality,mental health and/or stress, equity and social capital or
social cohesion.Noise andwater quality impacts are typically documented in a project’s environmental
impact assessment, but impacts on health in particular, and the costs/benefits of those impacts are not
usually calculated. The link between transportation investment andmental health, stress and social
cohesion impacts is less-established, with little research onwhich to base cost estimates. Itmay be
reasonable to recognize and discuss potential impacts qualitatively while continuing to perform research
and develop best practices onwhich impacts and costs can be based. In terms of equity impacts, analytical
and accountingmethods should examine the population directly affected by the investment, as well as the
potential fordifferential impacts ondifferent vulnerable subgroupswithin the larger study areapopulation.
Evaluations should consider impacts, costs and benefits with respect to not only low-income and ethnic
minority groups, but to young, elderly anddisabledpeoplewho are typically left out of impact assessments.

• TRAFFIC CRASHES AND AIR POLLUTION EXPOSURE. Although the analyticalmethods and
tools exist tomeasure the impacts and costs of traffic crashes and air pollution exposure, these factors
are not always accounted for in cost-benefit analysis. The stronger the evidence of the need and for the
benefits/costs of a particular investment, and themore that planners are able to conceive, articulate, and
promote investments that address an array of established concerns, the greater the chance that health-
promoting projects will be funded.



EXAMPLES &OPPORTUNITIES
INTEGRATING HEALTH INTO TRANSPORTATION

INVESTMENT PLANNING & PRACTICE

There are a number of examples where public health has been linked to transportation-related legislation,
funding or planning processes. This section discusses those examples, highlighting opportunities to further
integrate health impacts into transportation decisionmaking and support a transportation system that ismore
balanced, sustainable andhealth promoting.

Federal Level

CLEAN AIR ACT AMENDMENTS OF 1990. Originally passedbyCongress in 1970, theCleanAirActdirects
the EPA in its efforts to protect the nation’s air quality. The 1990 amendments to the CleanAir Act set stringent
limits on themajor components of urban air pollution: ozone, carbonmonoxide and particulatematter
(PM10—particulates of 10microns or smaller). These limits, known as theNational Ambient AirQuality
Standards (NAAQS) aredevelopedby theEPAandexpressly linked to the levelneeded toprotect humanhealth,
particularly for “sensitive” populations such as asthmatics, the elderly and children. Urban areas that do not
meet the standards for one ormore of these pollutants are required to take steps to reduce pollutant levels and
eventually comply with the standards. Those that fail to take those steps are subject to sanctions.

TheCleanAir Act forced regions to reconsider their transportation decisions, and in some cases to take a
serious look at the interactc.seeransportat
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FEDERAL TRANSPORTATION GRANT PROGRAMS. In addition to the discussions ofmajor transporta-
tion reform, anumber of successful programs exist under current federal transportation legislation that directly
benefit public health and safety goals - including theHighway Safety Improvement Program ($5.1 billion), the
CongestionMitigation andAirQuality Improvement Program (CMAQ; $8.6 billion), the Transportation
Enhancements Program, and the Safe Routes to Schools program ($612million).87Funding in these programs
adds up to only a small percentage of the total federal transportation spending, and all of these programswould
benefit fromadditional funding. For example, themost recent federal transportationbill designated $612mil-
lion for the Safe Routes to Schools program.Once that total amount is divided by the five year time frame of the
legislation and by all 50 states, it is enough only to fill small gaps in the network—not to fund the larger scale
retrofits that are needed inmany areas.

Federal Level Policy Recommendations

• Refocus the planning and funding prioritization process toward transit, bicycle and pedestrian
investments, safety improvements, andmaintenance/repair of existing roadways.

• Requiremultimodal planning and programming for any newproject receiving federal funding.
• IncentivizeHIAs for any project receiving federal transportation funding.
• Require all federally funded projects to accommodate allmodes, users and physical abilities

(Complete Streets).
• Require integrated regional transportation / land use planning (USDOT /HUD). The recently created

Sustainable Communities partnership betweenDOT,HUDandEPA is a crucial step towards encouraging
more holistic, data-driven regional planning. Tomore fully ensure that health is considered,HHS
should be a partner in this effort.

• Adopt physical activity and safety objectives for transportation projects receiving federal funding similar
to what exists in the CleanAir Act (theNAAQS).

State, Regional and Local Levels

TRANSPORTATION PLANNING AND PROGRAMMING CRITERIA. Federal transportation flows out
across theU.S. through state departments of transportation andmetropolitan planning organizations (MPOs,
made up of local government representatives, direct transportation planning for regions of 50,000people or
more). Long-range plans based on a 20-year time frame set the broad “menu” of potential transportation
projects in a state,metropolitan region or local government. These plans are implemented through the state or
regional TIP (Transportation ImprovementProgram), a short-range (3-5 year), frequently updated “short list”
of high-priority projects. The TIP generally signifies the intent to fund and build a project. Projects are
nominated by state and local jurisdictions for inclusion in the TIP, andmust be consistent with the state or
regional longrange plan to be eligible. Once funding is obligated for a project, it rolls off the TIP.

Like state and regional agencies, local governments typically compile their own long range plans and shorter
range CIPs, or capitalimprovement programs. Local governments can compete for federal grant funding or use
locally generated revenues for transportation improvements. Local funding is particularly important for
small-scale improvements such as bike lanes, sidewalks, and local streets, since these projects are less likely to
receive federal funding.



State, regional and local governments and federal grantprogramsall have their ownsets of criteria that determine
which projects will be put into the TIP/CIP or selected for funding. The process and criteria that determines
how these agencies prioritize their transportation funding can therefore be quite important to review froma
public health perspective, and thepublic health community shouldbe involved in theprocess of determining
TIP criteria. TIP andCIP criteria are revised periodically, often at the beginning of the yearly TIP process.

STREET DESIGN, COMPLETE STREETS POLICIES AND CONTEXT-SENSITIVE DESIGN. Standards
for street widths, turning radii, on-street parking, and other roadway design elementsmay be determined by
local transportation planners but are frequently adoptedwholesale fromnational guidelines, resulting in solu-
tions thatmay not be appropriate for the particular context. Context-sensitive design, therefore, is the oppo-
site—street design that carefully considers the context of the surrounding built environment in order to
implement a solution rather than imposing one-size-fits-all standards. “Complete Streets” policies explicitly
require road projects to accommodate access by allmodes of transportation, ages and abilities. State and local
governments fromevery part of the country have recently adoptedComplete Streets policies, among them
Florida, SouthCarolina,Hawaii, andCalifornia and such cities as Jackson,Mississippi andChicago, Illinois.

DEVELOPMENT PROPOSAL REVIEW. Cities use zoning and development regulations to control site
design, density,mass or bulk of buildings, land uses permittedwithin a given area, parking requirements, and
any other requirements for building design, amenities or affordable housing. Through development fees and
taxes, cities also have the power to encourage or discourage developmentwith certain features or in certain
places.Cities also control the reviewprocess aswell,meaning they canalso choose to expedite reviewsorprovide
incentives in exchange for other features—for instance, allowing a developer to build at a higher density in
exchange for building affordable housing.Health professionals should be included in the review process for
certain proposals, particularly large-scale development or development of key parcels. In some cases, itmay
be appropriate to workwith planners to conduct anHIA of a proposal.

USE OF EXISTING TOOLS FOR EVALUATIVE PURPOSES. Standard tools in the planning field can be
used to test exposure to air pollution,measure changes in land development and transportation, and under-
stand the population potentially impacted by an action. These instruments include land use and transportation
models, and tools thatmeasure air pollution generation, dispersion and exposure.

In addition, a couple of tools have been developed recently specifically tomeasure impacts on health. The
HealthyDevelopmentMeasurement Tool (www.thehdmt.org) was produced by the city of San Francisco’s
Department of PublicHealth allows the user to evaluate how a project performs along an extensive set of indi-
cators. The I-PLACE3S scenario planning tool was recently enhanced as part of theKingCountyHealthscape
project so that it can assess the impacts of land development and transit changes on air pollution and green-
house gas emissions, physical activity and obesity, and transportation (seewww.http://www.kingcounty.gov/

transportation/HealthScape.aspx, or http://places.energy.ca.gov/places).

MEASUREMENT OF PROGRESS. Goodmeasurement is a key to tracking success. In the absence of de-
tailed health information, existing planning indicators of the built environment and transportation can be
used. Because the indicators have been linked to health outcomes (shown in Table 6), they can be effective
proxymeasures for such outcomes.
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Road width

Traffic volumes

Transit mode
share, number of
trips, or distance

Auto mode share,
number of trips or
distance (VMT)

Walk / bicycle mode
share, number of
trips or distance

Parks within
walking distance
(about 1 km)

Sidewalks, bicycle
lanes or trails

Transit stop within
walking distance

Mixed land
use pattern

Street
connectivity

Retail floor area
ratio/pedestrian
friendly site design

“If you cannot measure it, you can not improve it.” —Lord Kelvin

PLANNING INDICATOR RELATIONSHIP TO 4 HEALTH OUTCOMES

TABLE 6 THE COST OF TRAFFIC CRASHES IN FIVE SAN FRANCISCO NEIGHBORHOODS



State, Regional & Local Level Policy Recommendations
• Enact Complete Streets legislation.
• Require the inclusion of health care costs fromphysical inactivity, obesity, air pollution and traffic

crashes in cost-benefit analysis.
• Adopt transportation programming criteria that specifically address health, safety, equity and

environmental issues.
• Include health as an explicit requirement in state level environmental impact assessment.
• Connect existing planning indicators to health outcomes as a way to gauge progress.
• Include public health professionals in the process of developing and revising TIP/CIP criteria.

SUMMARYAND
CONCLUSION

The current process bywhich transportation funding decisions aremade generally does little to consider the
long-term costs and benefits to health. Advocating health-supportive planning, design and funding can help
to create healthier built environments for generations to come. Success willmean designing approaches and
practices that result in health-supportive decisions, and creating systems thatmeasure, track and account for
health outcomes.

Opportunities exist at every level of government to encourage transportation investments that benefit health.
Negotiationsover the federal highway transportationbillwill shape transportation spending fromtop tobottom,
and every indication is that the bill is a key opportunity not just to getmore funding for health and safety
programs, but to rethink the transportation funding process.

At the state and local levels, health-based funding criteria should include an evaluation of the health impacts of
individual projects. Impacts can be analyzed as part of the environmental review process or as a stand-alone
HIA. Costs of these impacts should be included in cost-benefit analysis. Inmany cases, existing legislation or
operating procedures can be strengthened tomake requirements clear and ensure that health considerations
are a part of everyday business. Participation in long-range planning processes and the review of large-scale
development proposalswill help producemorehealth-supportive outcome andwill also serve to educate others
about the importance of health in the planning process.

“When an activity raises threats of harm to human health or the
environment, precautionary measures should be taken even if
some cause and effect relationships are not fully established
scientifically. In this context the proponent of an activity, rather
than the public, should bear the burden of proof.”

—Wingspread Conference on the Precautionary Principle, 1998.

5

THE HIDDEN HEALTH COSTS OF TRANSPORTATION :: 17



1. Ewing R, Cervero R (2001). Travel and the Built Environment-A Synthesis. Transportation
Research Record 1780. TRB, National Research Council, Washington D.C., pp. 87–114.

2. Holtzclaw J, Clear R, Dittmar H, Goldstein D, & Haas P. (2002). Location efficiency:
Neighborhood and socio-economic characteristics determine auto ownership and
use; Studies in Chicago, Los Angeles and San Francisco. Transportation Planning and
Technology, 25 (1), 1–27.

3. Frank LD, Bradley M, Kavage S, Chapman J and Lawton TK (2007c). Urban form, travel
time, and cost relationships with tour complexity and mode choice. Transportation,
35(1): 37–54.

4. Saelens BE, Sallis JF, Black JB and Chen D (2003a). Neighborhood-based differences in
physical activity: An environment scale evaluation. American Journal of Public Health,
93: 1552–1558.

5. TRB/IOM Committee on Physical Activity, Health, Transportation, and Land Use (2005).
Does the Built Environment Influence Physical Activity? Examining the Evidence. TRB
Special Report 282, Transportation Research Board/Institute of Medicine.

6. Frank LD, Schmid T, Sallis JF, Chapman J, Saelens B (2005). Linking Objective Physical
Activity Data with Objective Measures of Urban Form. American Journal of Preventive
Medicine. 28, (Suppl 2): 117– 25.

7. Frank L, Sallis JF, Conway T, Chapman J, Saelens B, Bachman W (2006). Multiple
Pathways from Land Use to Health: Walkability Associations with Active
Transportation, Body Mass Index, and Air Quality. Journal of the American Planning
Association, 72(1): 75–87.

8. Ewing R, Schmid T, Killingsworth R, Zlot A, Raudenbush S (2003a). Relationship
between Urban Sprawl and Physical Activity, Obesity, and Morbidity. American
Journal of Health Promotion, 18(1): 47–57.

9. Frank L, Andresen M and Schmid T (2004). Obesity Relationships With Community
Design, Physical Activity, and Time Spent in Cars. American Journal of Preventive
Medicine, 27(2): 87–97.

10. Lopez R (2004). Urban Sprawl and Risk for Being Overweight or Obese. American
Journal of Public Health, 94(9): 574–1579.

11. Ewing R, Schieber R and Zegeer CV (2003b). Urban Sprawl as A Risk Factor in Motor
Vehicle Occupant and Pedestrian Fatalities. American Journal of Public Health,
Vol. 9 3, No. 9, pp. 1541-1545.

12. Dumbaugh, E (2005). Safe Streets, Livable Streets. Journal of the American Planning
Association, 71 (3): 283–300.

13. Frank L, Stone B and Bachman W (2000). Linking Land Use with Household Vehicle
Emissions in the Central Puget Sound: Methodological Framework and Findings.
Transportation Research Part D 5, 3: 173–196.

14. Frank L, Sallis JF, Conway T, Chapman J, Saelens B, Bachman W (2006). Multiple
Pathways from Land Use to Health: Walkability Associations with Active
Transportation, Body Mass Index, and Air Quality. Journal of the American Planning
Association, 72(1): 75–87.

15. Ewing R, Bartholomew K, Winkelman S, Walters J, Chen D, McCann B and Goldberg D.
(2007) Growing Cooler: The Evidence on Urban Development and Climate Change.
Chicago: Urban Land Institute. p 93.

16. Robert D. Bullard and Glenn S. Johnson. Just Transportation: Dismantling Race and
Class Barriers to Mobility. Gabriola Islands, British Columbia, Canada: New Society
Publishers, 1997.

17. Robert D. Bullard, Glenn S. Johnson, and Angel O. Torres. Highway Robbery:
Transportation Racism & New Routes to Equity. Cambridge, MA: South End Press, 2004.

18. K. H. Schaeffer, Elliott Sclar. Access for All: Transportation and Urban Growth.
New York, NY: Columbia University Press, 1980

19. LaChapelle U, Frank LD (2009). Transit and health: Mode of transport, employer-
sponsored public transit pass programs, and physical activity. Journal of Public
Health Policy 30 Suppl 1; 573-594.

20. Ewing R, Cervero R (2001). Travel and the Built Environment-A Synthesis.
Transportation Research Record 1780. TRB, National Research Council, Washington
D.C., pp. 87-114.

21. Holtzclaw J, Clear R, Dittmar H, Goldstein D, & Haas P. (2002). Location efficiency:
Neighborhood and socio-economic characteristics determine auto ownership and
use; Studies in Chicago, Los Angeles and San Francisco. Transportation Planning and
Technology, 25 (1), 1–27.

22. Frank LD, Bradley M, Kavage S, Chapman J and Lawton TK (2007c). Urban form, travel
time, and cost relationships with tour complexity and mode choice. Transportation,
35(1): 37–54.

23. Saelens BE, Sallis JF, Black JB and Chen D (2003a). Neighborhood-based differences in
physical activity: An environment scale evaluation. American Journal of Public Health,
93: 1552–1558.

24. TRB/IOM Committee on Physical Activity, Health, Transportation, and Land Use (2005).
Does the Built Environment Influence Physical Activity? Examining the Evidence. TRB
Special Report 282, Transportation Research Board/Institute of Medicine.

25. Frank LD, Schmid T, Sallis JF, Chapman J, Saelens B (2005). Linking Objective Physical
Activity Data with Objective Measures of Urban Form. American Journal of Preventive
Medicine. 28, (Suppl 2): 117– 25.

26. Frank L, Sallis JF, Conway T, Chapman J, Saelens B, Bachman W (2006). Multiple
Pathways from Land Use to Health: Walkability Associations with Active
Transportation, Body Mass Index, and Air Quality. Journal of the American Planning
Association, 72(1): 75–87.

27. Ewing R, Schmid T, Killingsworth R, Zlot A, Raudenbush S (2003a). Relationship
between Urban Sprawl and Physical Activity, Obesity, and Morbidity, American Journal
of Health Promotion, 18(1): 47–57.

28. Frank L, Andresen M and Schmid T (2004). Obesity Relationships With Community
Design, Physical Activity, and Time Spent in Cars. American Journal of Preventive
Medicine, 27(2): 87–97.

29. Lopez R (2004). Urban Sprawl and Risk for Being Overweight or Obese. American
Journal of Public Health, 94(9): 574–1579.

30. Sturm, R and Cohen, DA (2004). Suburban Sprawl and Physical and Mental Health.
Public Health, Journal of the Royal Institute of Public Health, 118(7): 488-496.

31. Ewing R, Schieber R and Zegeer CV (2003b). Urban Sprawl As a Risk Factor in Motor
Vehicle Occupant and Pedestrian Fatalities. American Journal of Public Health, Vol. 9
3, No. 9, pp. 1541-1545.

32. Dumbaugh, E (2005). Safe Streets, Livable Streets. Journal of the American Planning
Association, 71 (3): 283–300.

33. Frank L, Stone B and Bachman W (2000). Linking Land Use with Household Vehicle
Emissions in the Central Puget Sound: Methodological Framework and
Findings.Transportation Research Part D 5, 3: 173-96.

34. Frank L, Sallis JF, Conway T, Chapman J, Saelens B, Bachman W (2006). Multiple
Pathways from Land Use to Health: Walkability Associations with Active
Transportation, Body Mass Index, and Air Quality. Journal of the American Planning
Association, 72(1): 75–87.

35. Robert D. Bullard and Glenn S. Johnson. Just Transportation: Dismantling Race and
Class Barriers to Mobility. Gabriola Islands, British Columbia, Canada: New Society
Publishers, 1997.

36. Robert D. Bullard, Glenn S. Johnson, and Angel O. Torres. Highway Robbery:
Transportation Racism & New Routes to Equity. Cambridge, MA: South End Press, 2004.

37. K. H. Schaeffer, Elliott Sclar. Access for All: Transportation and Urban Growth. New
York, NY: Columbia University Press, 1980

38. Besser LM and Dannenberg AL (2005). Walking to public transit: Steps to help meet
physical activity recommendations. American Journal of Preventive Medicine, 29(4),
273 – 280.

39. Frank L and Engelke P (2005). Multiple Impacts of the Built Environment on Public
Health: Walkable Places and the Exposure to Air Pollution. International Regional
Science Review, 28: 193 – 216.

40.US Department Of Transportation. Fatality Accident Recording System Encyclopedia.
Accessed February 18, 2010 at http://www-fars.nhtsa.dot.gov/Main/index.aspx

41. U.S. Centers for Disease Control & Prevention. Motor Vehicle Safety. Accessed
February 18, 2010 at http://www.cdc.gov/Motorvehiclesafety/index.html

REFERENCES

18 :: THE HIDDEN HEALTH COSTS OF TRANSPORTATION



42. Jovanis P, Chang H (1986). Modeling the Relationship of Accidents to Miles Traveled.
Transportation Research Record 1068: 42-51.

43. Gårder P (2004). The impact of speed and other variables on pedestrian safety in
Maine. Accident Analysis & Prevention 36 (4): 533-542.

44. National Highway Traffic Safety Administration. Literature Review on Vehicle Travel
Speeds and Pedestrian Injuries. Washington, DC: USDOT, 1999.

45. LaScala EA, Gerber D, Gruenewald PJ. 2000. Demographic and environmental
correlates of pedestrian injury collisions: a spatial analysis. Accident Analysis and
Prevention 32:651-658.

46. Swift P (1998). Residential Street Typology and Injury Accident Frequency.
Presentation at the Congress for the New Urbanism VI, Denver CO, June 1998.

47. Jacobsen, P., Anderson, C.L., Winn, D.G., Moffat, J., Agran, P.F. and Sarkar, S. (2000).
Child Pedestrian Injuries on Residential Streets: Implications for Traffic Engineering.
ITE Journal on the Web, February: 71-75.

48.Urban Land Institute, Center for Neighborhood Technology and the Center for
Housing Policy (2009). Beltway Burden: The Combined Cost of Housing and
Transportation in the Greater Washington, D.C. Metropolitan Area. Washington, DC:
Urban Land Institute.

49. Bernstein S, Makarewicz C,McCarty K. Driven to Spend: Pumping Dollars Out of our
Households and Communities. Center for Neighborhood Technology and the Surface
Transportation Policy Project 2005.

50. The Center for Neighborhood Technology. Housing and Transportation Affordability
Index. Available at http://htaindex.cnt.org/

51. Burchell, R et al. The Costs of Sprawl – 2000. Transit Cooperative Research Program
TCRP Report 74. Report for the Transportation Research Board / National Research
Council. Washington, D.C.: National Academy Press. 2002.

52. Sacramento Area Council of Governments. Sacramento Regional Blueprint. Available
at: http://www.sacregionblueprint.org/sacregionblueprint/home.cfm

53. Belden Russonello & Stewart (2004). American Community Survey National Survey
on Communities. Washington, D.C.: Smart Growth America and National Association
of Realtors.

54. Levine J, Frank LD (2007). Transportation and land-use preferences and residents’
neighborhood choices: The sufficiency of compact development in the Atlanta region.
Transportation 34(2): 255-274.

55. J. Thomas (2009). Residential Construction Trends in America’s Metropolitan Regions.
Washington, DC: U.S. Environmental Protection Agency.

56. A.C. Nelson (2006). Leadership in a New Era. Journal of the American Planning
Association 72(4): 393-407.

57. Levine J, Frank LD (2007). Transportation and land-use preferences and residents’
neighborhood choices: The sufficiency of compact development in the Atlanta region.
Transportation 34(2): 255-274.

58. National Institutes of Health, National Institute of Diabetes, Digestive and Kidney
Diseases. Statistics Related to Overweight and Obesity: The Economic Costs. Accessed
May 13, 2008 at: http://win.niddk.nih.gov/statistics/index.htm. Adjusted to 2008
dollars. Includes health care costs, lost wages due to illness / disability and value of
future earnings lost by premature death. Direct medical costs = $61B.

59. Finkelstein EA, Fiebelkorn IC, Wang G. (2003) National medical spending attributable
to overweight and obesity: How much, and who's paying? Health Affairs Web Exclusive
W3:219-226. Available at http://content.healthaffairs.org/cgi/content/full/hlthaff.w3.219v1/DC1

60. Federal Highway Administration (2000). Addendum to the 1997 Federal Highway Cost
Allocation Study Final Report, May 2000. Accessed May 12, 2008 at:
www.fhwa.dot.gov/policy/hcas/addendum.htm; Adjusted to 2008 dollars.

61. AAA (2008). Crashes vs. Congestion Report. What’s the Cost to Society? Cambridge,
MD: Cambridge Syfhdfa,dail



800 I StreetNW
Washington,DC 20001
(202) 777-APHA (2742)
www.apha.org

Protect, Prevent, Live Well

About APHA

TheAmericanPublicHealthAssociation is theoldest andmostdiverseorganizationofpublichealthprofessionals
in theworld andhas beenworking to improve public health since 1872. TheAssociation aims to protect all
Americans and their communities frompreventable, serious health threats and strives to assure community-
basedhealthpromotionanddiseasepreventionactivities andpreventivehealth services areuniversally accessible
in theUnited States. APHA is committed to health equity and ahealthy global society. TheAssociation’s broad
array of public health professionals are champions of and advocate for healthy people and communities.

The development of this report was
supported through a grant provided by
the Convergence Partnership Fund.

March 2010


