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Research Need
Existing research demonstrates that at-risk populations—groups with demographic, economic,
social, or physical characteristics who are disproportionately vulnerable to adverse health
outcomes—are more likely to be exposed to heavy traffic and air pollution [1-10]. This disparity
is a problem because numerous adverse health outcomes—including lung cancer, premature
mortality, cardiovascular disease, respiratory disease and asthma, poor birth outcomes, and
injury—are associated with living close to high-traffic roads and being exposed to high traffic
density [11-17].
However, to fully understand how exposure affects at-risk populations, we need to
consider two inter-related issues. First, estimates of traffic exposure depend on the spatial scale
of investigation. Disparities in traffic exposure identified in studies at the national level are often
heterogeneous at a regional scale. For example, Rowangould (2013) found that low-income and
minority households are, on average, more likely to live near high volume roadways; yet, there
are counties “where no disparities are present, or where disparities work in the opposite
direction” [18]. Therefore, to learn what mechanisms underlie disparities in traffic exposure, we
must investigate this question at the regional level.
The second issue is that the distribution of traffic density across a region is a function of
transportation and land use policies and plans. “Smart growth” strategies, such as urban infill and
open space protection, may increase population densities in areas with highest traffic density.
However, these strategies may actually decrease disparities in exposure to traffic density if new
1

residents in high-traffic areas are from higher income groups. Thus, older patterns in health
disparities may no longer be true today. Integrating public health concerns into transportation
and land use planning requires additional knowledge about the effects of such policies.
Research Question
Our research addresses these two issues and asks whether infill development in the Denver
metropolitan region has resulted in changes in the exposure of at-risk populations to high traffic
density. We will also examine whether regional conservation efforts and other smart growth
efforts have played a role in these changes.
To answer this question, we use time series data representing travel and population over
1997-2010—a period of “smart growth” in the region. [19] The study uses exposure to traffic
density as the primary metric to represent public health risk because it is widely used in
epidemiologic studies as an indicator of exposure to air pollution and because it is related to
various adverse health outcomes. In addition, transportation planning literature has linked traffic
density to poor residential livability in neighborhoods, including barriers to transit access and
physical activity. [20-22]
Significance of the Research
We know that the interaction of transportation and land use systems concentrates high traffic
density in specific neighborhoods, with resulting transportation and public health consequences.
But what we do not yet know, and need to better understand, is how smart growth policies affect
the distribution hazardous and protective environments in regions. Moreover, it is important to
understand how transportation and land use planning and policy making can be used to reduce
health disparities. To advance research in this area, we must develop multilevel and longitudinal
models that represent changes in both the built environment and in population health and
exposure [23].
The Denver metropolitan region is an important case for such an analysis because it has
experienced significant population growth and infill development over the past two decades,
much of which has been centered near regional public transport investments. As a result, the
Denver’s Regional Council of Governments (DRCOG) and non-profit organizations such as
Mile High Connects and the Piton Foundation are monitoring the equity outcomes of these
regional dynamics [24].
In addition to their relevance for local policy and planning, lessons from the Denver
metropolitan region have implications for other regions seeking to manage the equity,
environmental, and economic outcomes of growth. In particular, this case offers lessons relevant
to other growing cities and micropolitan regions emerging across the West. Thus, findings from
this regional analysis can be interpreted and applied in a variety of other contexts.
The transportation profession increasingly recognizes the linkages between transportation
and public health. In January 2015, the Transportation Research Board approved a new Task
Force with the goal of increasing the use of public health research in corridor design, operations,
and management strategies [25]. The authors of this proposal have been involved in proposing
and developing this Task Force and anticipate that it will be a forum for sharing the findings of
this study. In addition, the new Task Force builds on current efforts by the U.S. Department of
Transportation to develop a Health and Transportation Corridor Planning Framework, which is a
step-by-step tool for integrating information about public health into corridor planning being
piloted by five communities [26]. Our proposed research responds directly to these efforts
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because corridor planning is a smart growth strategy that we can address through this research
project.
Research Objectives
Although “smart growth” regions may have lower air pollution emissions overall, increasing
population densities imply higher exposure to localized concentrations of air pollution [27-29].
The gaps in our knowledge are how transportation and land use policies “pattern” this exposure
and whether functional elements of transportation and land use systems, such as infill areas and
arterial corridors, contribute to higher exposure among at-risk populations.
To answer these questions, the research is organized to accomplish three primary objectives:
1. Explore and test the following hypotheses about who in the Denver region is exposed to the
highest traffic density, where these exposures are highest, and whether smart growth
strategies in the region explain patterns in disparities or equality.
Descriptive hypotheses:
 Ho: At-risk populations (poverty versus non-poverty, Hispanic versus non-Hispanic,
children and older adults versus adults, African-American versus white, deprived not
deprived) have the highest exposure to traffic density in the city/county of Denver
and throughout the region in 1997 and 2010.


Ho: At-risk populations’ share of exposure to traffic density in infill areas decreases
between 1997 and 2010, and it stays the same in non-infill areas between 1997 and
2010.

Explanatory hypotheses to test with statistical modeling:
 Ho: The change in share of at-risk populations’ exposure to traffic density between
1997 and 2010 at the regional level, and for the city/county of Denver, is due to smart
growth policies, including infill development and conservation actions (i.e. it is not
due only to overall increases in traffic density in the region).
2. Identify the critical land use and transportation policies that contribute to the patterns of
exposure observed in the study.
3. Propose future integrated land use / transportation policies to promote equity in dense (urban)
and low-density (ex-urban/regional) geographies.
Research Methods and Analytical Approach
For the first phase of the research, we will use a traffic density model in GIS, demographic
census block and block-group level data, and economic indicators to quantify populations’
exposure to traffic density at both 400m (~1/4 mile) and 800m (~1/2 mile) scales. The
dimensions of the grid cells are theoretically linked to exposure to negative externalities of traffic
such as air pollution and noise (400m and 800m), though planning, health, and environmental
literatures generally fail to agree on a single threshold for “high” traffic density [1,7,19, 30].
Each variable will be computed for both 400m and 800m grids.
Traffic density is a constructed variable based on vehicle miles traveled (VMT) estimated
from DRCOG’s travel models. The DRCOG travel models were developed using a combination
of traffic counts across the region as well as the Front Range Travel Survey, which is a 12,0003

household travel diary survey conducted in 1997 and 2008. Every major and minor roadway,
including freeways and arterials, includes a continuous daily VMT estimate. We will compute
the linear meter of each roadway within grid cells and the proportion of daily VMT attributable
to each roadway segment. Traffic density will then be calculated as the sum of traffic over all
roadways within each cell.
Social and economic indicators will be constructed based on U.S. Census decennial and
American Community Survey block and block group level data. Variables will include, but are
not limited to, age, gender, race/ethnicity, poverty, unemployment and income. Socio-economic
indicators for each grid cell will be calculated based on the percentage of block group that lay
within a grid and applying the percentage as a weight to each socio-economic indicator. Each
indicator will then be a composite sum of all the weighted block groups within a grid cell (see
Figure). The use of grid cells will help account for the possibility of changes to block group
boundaries over time. We will also use the socio-economic variables to create the Carstairs Index
and Townsend Index, both indices of social deprivation to measure at-risk populations [31-32].
During this first phase of the project, we will also collect historical information about
“smart growth” policies and actions in the region and code this information into a land use
dataset that identifies areas of change during our study period.
The second phase of the project will develop a statistical model to investigate the effects
of infill development patterns (and other smart growth patterns identified through our policy
review) on longitudinal changes with at-risk populations exposure (the dependent variable).
Figure. Spatial Framework for Traffic Density Model
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We will develop a statistical model appropriate for the time-series exposure dataset
constructed in the first part of the project. Our research question requires the model to capture
changes in exposure due to infill processes in specific neighborhoods, above and beyond the
overall growth in traffic in the region. Thus, the modeling will draw on techniques of
hierarchical linear modeling to estimate the effects of neighborhood-scale changes on
neighborhood exposure, and a second level to explain the contribution of overall regional
changes to neighborhood-level exposure.
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Expected Outcomes
Based on literature, previous reports, and preliminary analysis of 2010 data, we expect to find
that the city and county of Denver (the region’s core with significant infill development) does
not exhibit the expected disparities in exposure to traffic density among at-risk populations in
2010. However, we do expect to see evidence of these disparities in the region’s core in 1997,
suggesting that infill development during the study period in Denver has resulted in lower
disparities. In addition, we expect to find that disparities in traffic exposure do exist at the
regional level both in 1997 and in 2010.
If these findings were confirmed, this would be important because they would provide
evidence that smart growth strategies reduce health disparities at a local level, but not necessarily
by improving the health outcomes of vulnerable populations. They would also highlight the need
to consider the distributional effects of smart growth policies in the larger regional context if
disparities simply shift to areas with lower population density. Such findings would be consistent
with other research about the suburbanization of poverty and would highlight the need for smart
growth policies to address more diverse populations.
Deliverables from this research will include:
1. A methodological framework and documentation for analyzing changes in exposure to traffic
in a dynamic region.
2. A policy-relevant report of our findings for policy- and practice-oriented audiences, as well
as peer-reviewed publications of our findings for audiences wishing to replicate the study.
3. Presentations of this work at the Transportation Research Board Annual Meeting for national
dissemination, as well as a local research briefing through the University of Colorado Denver
Center for Sustainable Urbanism.
4. A plan for future research, including scaling the project to include other regions in the
Mountain West.
Project Phasing
Planning phase, spring 2015: Collect and prepare secondary data. Conduct a thorough literature
review to identify potential variables of interest, and refine our hypotheses.
Phase 1, summer 2015: Develop traffic density model. Conduct descriptive analyses. Review and
code historic planning and policy documents to establish a “smart growth” layer for GIS model.
Submit article to TRB by August 1, 2015 deadline.
Phase 2, summer/fall 2015: Develop statistical model to test whether smart growth policies in
Denver and the Denver region contribute to disparities in at-risk populations’ exposure to traffic
density, or whether these policies reduce health disparities.
Phase 3, fall 2015/winter 2016: Present preliminary findings at the TRB annual meeting and at a
research briefing seminar at the University of Colorado Center for Sustainable Urbanism.
Phase 4, spring/summer 2016: Finalize documentation and publications. Prepare final report for
the Mountain Plains Consortium.
Relevance to Strategic Goals
The work primarily falls under the heading of livable communities, but it also highly relates to
both economic competitiveness and environmental sustainability. This research will provide a
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practical framework for evaluating the effects of integrated transportation and land use planning
to help us understand how to better integrate sustainability goals into transportation system
design.
Educational Benefits
This study will be the basis for Kara Silbernagel’s thesis in Public Administration and Urban
Planning. Ms. Silbernagel has conducted preliminary analyses with the data and contributed to
this proposal.
In addition, this study will be integrated into Dr. McAndrews’s “Transportation and Land
Use” graduate course and “Planning Healthy Communities” graduate course. For these courses,
we will develop a case study that highlights the multi-disciplinary interactions among
transportation, land use planning, and public health. This case study can be shared on the website
of the College of Architecture and Planning and published on the TRB Health and Transportation
Subcommittee website.
Work Plan
The proposed scope of work is scheduled for a one-year timeframe, beginning with notice to
proceed from the Mountain Plains Consortium. Major project steps include the following:
Task
Initiate secondary data collection efforts
Literature review
Build GIS database
Project objective 1: Traffic density model and policy research
Submit paper to TRB based on objective 1
Project objective 2: Develop statistical model
Project objective 3: Present preliminary findings, integrate
feedback into final deliverables
Project objective 4: Finalize publications and submit

Timeline
Ongoing, start in month 1
Months 1-2
Months 1-2
Months 2-3
Month 4
Months 4-8
Months 8-10
Months 10 – 12

Project Cost
Total Project Costs: $120,000.00
MPC Funds Requested: $60,000.00
Matching Funds: $60,000.00
Source of Matching Funds: University of Colorado Denver
TRB Keywords
Smart growth; arterial roads; corridor planning; traffic density; public health; health disparities

References
1. Tian, Nancy, Jianping Xue, and Timothy M. Barzyk. "Evaluating socioeconomic and racial
differences in traffic-related metrics in the United States using a GIS approach." Journal of
Exposure Science and Environmental Epidemiology 23.2 (2013): 215-222.
6

2. Boothe, Vickie L., and Derek G. Shendell. "Potential health effects associated with residential
proximity to freeways and primary roads: review of scientific literature, 1999-2006." Journal of
Environmental Health 70.8 (2008): 33-41.
3. Bae, Chang, et al. "The exposure of disadvantaged populations in freeway air-pollution sheds: a
case study of the Seattle and Portland regions." Environment and Planning B Planning and
Design 34.1 (2007): 154.
4. McConnell, Rob, et al. "Traffic, susceptibility, and childhood asthma." Environmental health
perspectives (2006): 766-772.
5. Houston, Douglas, et al. "Structural disparities of urban traffic in southern California:
Implications for vehicle‐ related air pollution exposure in minority and high‐ poverty
neighborhoods." Journal of Urban Affairs 26.5 (2004): 565-592.
6. Wilhelm, Michelle, and Beate Ritz. "Residential proximity to traffic and adverse birth outcomes
in Los Angeles county, California, 1994-1996." Environmental Health Perspectives 111.2
(2003): 207.
7. Gunier, Robert B., et al. "Traffic density in California: socioeconomic and ethnic differences
among potentially exposed children." Journal of Exposure Science and Environmental
Epidemiology 13.3 (2003): 240-246.
8. Roemer, Willem H., and Joop H. van Wijnen. "Differences among black smoke, PM (10), and
PM (1.0) levels at Urban Measurement Sites." Environmental health perspectives 109.2 (2001):
151.
9. Morello-Frosch, Rachel, Manuel Pastor, and James Sadd. "Environmental justice and Southern
California’s “riskscape” the distribution of air toxics exposures and health risks among diverse
communities." Urban Affairs Review 36.4 (2001): 551-578.
10.

Woghiren-Akinnifesi, Efomo L. "Residential proximity to major highways—United States,
2010." CDC Health Disparities and Inequalities Report—United States, 2013 62.3 (2013): 46.

11. Nyberg, Fredrik, et al. "Urban air pollution and lung cancer in Stockholm." Epidemiology 11.5
(2000): 487-495.
12. Brunekreef, Bert, and Stephen T. Holgate. "Air pollution and health." The Lancet 360.9341
(2002): 1233-1242.
13. Miller, Kristin A., et al. "Long-term exposure to air pollution and incidence of cardiovascular
events in women." New England Journal of Medicine 356.5 (2007): 447-458.
14. Oosterlee, Arie, et al. "Chronic respiratory symptoms in children and adults living along streets
with high traffic density." Occupational and environmental medicine 53.4 (1996): 241-247.

7

15. Brauer, Michael, et al. "A cohort study of traffic-related air pollution impacts on birth
outcomes." Environmental health perspectives 116.5 (2008): 680.
16. Morency, Patrick, et al. "Neighborhood social inequalities in road traffic injuries: the influence
of traffic volume and road design." American journal of public health 102.6 (2012): 1112-1119.
17. New York City Department of Transportation. “The New York City Pedestrian Safety Study &
Action Plan.” (2010). New York: New York City Department of Transportation.
18. Rowangould, Gregory M. "A census of the US near-roadway population: Public health and
environmental justice considerations." Transportation Research Part D: Transport and
Environment 25 (2013): 59-67.
19. Goetz, Andrew. "Suburban sprawl or urban centres: tensions and contradictions of smart growth
approaches in Denver, Colorado." Urban Studies 50.11 (2013): 2178-2195.
20. Appleyard, Donald, and Mark Lintell. "The environmental quality of city streets: the residents'
viewpoint." Journal of the American Institute of Planners 38.2 (1972): 84-101.
21. Bosselmann, Peter, Elizabeth Macdonald, and Thomas Kronemeyer. "Livable streets
revisited." Journal of the American Planning Association 65.2 (1999): 168-180.
22. McAndrews, Carolyn, and Justine Marcus. "Community-Based Advocacy at the Intersection of
Public Health and Transportation The Challenges of Addressing Local Health Impacts within a
Regional Policy Process." Journal of Planning Education and Research 34.2 (2014): 190-202.
23. Srinivasan, Shobha, Liam R. O'Fallon, and Allen Dearry. "Creating healthy communities,
healthy homes, healthy people: initiating a research agenda on the built environment and public
health." American journal of public health 93.9 (2003): 1446-1450.
24. Economic and Planning Systems, Inc. “Equitable Growth Evaluation for the Denver Region.”
Prepared for Mile High Connects and Denver Region Council of Governments. (2014).
http://milehighconnects.org/wp-content/uploads/2014/12/Equitable-Growth-Evaluation-for-theDenver-Region-FINAL-09-29-14.pdf
25. TRB Health and Transportation Subcommittee. “Call for a TRB Task Force on Arterials and
Public Health.” (2014). http://www.trbhealth.org/highlights.
26. U.S. Federal Highway Administration. “Health and Transportation Corridor Planning
Framework Fact Sheet.” FHWA-HEP-15-001.
http://www.fhwa.dot.gov/planning/health_in_transportation/research_efforts/framework_fact_sh
eet/factsheet.pdf
27. Schweitzer, Lisa, and Jiangping Zhou. "Neighborhood air quality, respiratory health, and
vulnerable populations in compact and sprawled regions." Journal of the American Planning
Association 76.3 (2010): 363-371.
8

28. Marshall, Julian D., et al. "Inhalation of motor vehicle emissions: effects of urban population and
land area." Atmospheric Environment 39.2 (2005): 283-295.
29. Marshall, Julian D., Michael Brauer, and Lawrence D. Frank. "Healthy neighborhoods:
walkability and air pollution." Environ Health Perspect 117.11 (2009): 1752-9.
30. Pearson, Robert L., et al. “Distance-weighted traffic density in proximity to a home is a risk
factor for leukemia and other childhood cancers.” Journal of the Air and Waste Management
Association 50:2 (2000) 175-180
31. Carstairs, Vera, and Russell Morris. "Deprivation: explaining differences in mortality between
Scotland and England and Wales." Bmj 299.6704 (1989): 886-889.
32. Dolan, Susan A., et al. "Measuring disadvantage: changes in the underprivileged area,
Townsend, and Carstairs scores 1981-91." Journal of epidemiology and community
health 49.Suppl 2 (1995): S30-S33.

9

