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Title: Carrots versus Sticks: Should planners focus on “carrots” to encourage walking and bicycling 
or “sticks” that discourage driving? 
 
Author: Daniel Piatkowski, PhD Candidate, College of Architecture and Planning 
 
Committee: Dr. Kevin Krizek (Chair), Dr. Debbi Main, Dr. Wesley Marshall, Dr. Tom Clarke, and Dr. 
Jeremy Németh 
 
Stage of Inquiry: Final dissertation chapter (dissertation defense date: May 21st, 2013) 
 
Abstract 
Inducing mode shifts from driving to walking and cycling – non-motorized transportation (NMT) – 
almost exclusively involves promoting these modes through carrots, i.e., infrastructure investments 
or social programs. Promoting NMT appears to be only moderately successful at influencing 
behavior, and resources may be better spent on sticks, which discourage driving, or interventions 
that combine both carrots and sticks to induce mode shift to NMT. Myriad examples of the modest 
impacts of carrots on NMT use can be found in the literature. In contrast, there is little literature 
examining the ability of “sticks” to discourage driving and spur NMT use. This is likely due to a lack 
of examples in the US, where sticks that disincentive driving face powerful opposition from a 
variety of sources. Consider that, at the start of the 20th century, the automobile was viewed as a 
dangerous threat to other road users (Norton, 2008). Today, at the start of the 21st century, policies 
and regulations supporting low-density land uses and auto-accessibility (Levine, 2006) favor 
driving over all other modes. The automobile is an integral part of most Americans lives, and habit 
and utility foster public pressure against sticks. Thus planners have limited options at their disposal 
when tasked with meeting physical activity and sustainability goals through increased NMT.    
 
Combining carrot and stick policies may be the most effective method of increasing NMT mode 
share (Pucher, et al., 2011). In the US, parking policies have proven to be an effective tool for 
decreasing auto commute travel (Shoup, 1997). Safe Routes to Schools programs frequently 
combine carrots and sticks (Chriqui, et al., 2012; Levin-Martin, et al., 2009). Combining quantitative 
and qualitative analysis of the Non-motorized Transportation Pilot Program (NTPP) – a federally-
funded program tasked with “demonstrate[ing] the extent to which bicycling and walking can carry 
a significant part of the transportation load” in US cities (Fields & Hull, 2013) – this research aims to 
assess the relative efficacy of carrot and stick policies at encouraging NMT. I first provide empirical 
support for increased effectiveness of combined carrot and stick approaches using structural 
equation modeling. Second, qualitative case studies of carrots and stick approaches are reviewed. 
Third, key barriers to stick implementation are identified. Finally, I offer recommendations for 
practitioners attempting to increase NMT mode share.  
 
Requested Feedback 
This work represents the culmination of my dissertation work, and I would very much appreciate 
feedback on how best to scope and present this work to:  

 Clearly present results of a mixed-methods study? 
 Leverage this work on the job market? What specific aspects of this work do you see as 

most marketable, and what aspects of the work should I focus on? 
 Strategies for moving forward with this type of research.  
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Title: Full cost accounting of transport / land use decision making: an application of decision 
making tools in greenhouse gas mitigation 

Author: Eric Stonebraker, PhD Student, College of Architecture and Planning 
 

Committee: Kevin Krizek (Chair), Wes Marshall, Carey McAndews, Jeremy Németh  
 
Stage of Inquiry: This proposed study is at the absolute beginning phase of inquiry and still being 
fleshed out. This topic is chosen as I am passionate about these issues and the challenges of making 
good changes to the built environment for health, environmental and community reasons.  
(Dissertation Proposal defense date: May 21, 2013) 
 
Abstract:   
 
Democratic societies with strong private property rights traditions face difficulty in the 
development of societally beneficial improvements. These developments encompass a wide range 
of activities necessary for the functioning of cities and modern society yet may meet resistance 
when implemented at the local level. Efforts to develop landfills, low-income housing, wind farms 
and other developments represent a few examples that frequently encounter organized resistance. 
Opponents are commonly and pejoratively referred to as NIMBYs (Not In My Back Yard). 
Opposition to proposed land uses usually express three concerns related to: property values, 
personal security, and neighborhood amenity. Local regulatory agencies with their limited funds 
and capacity are often unable to resist a vocal minority or unsupportive city councils.  
 
Resistance to federal, state and local efforts to mitigate greenhouse gas (GHG) emissions demands 
urgency to understand a new wrinkle on an old problem. The fundamental problem comprises 
decision-makers and community activists that may not fully account for environmental 
externalities. This problem is especially notable in the area of transportation and land use planning. 
Some of the land use interventions that residents oppose (urban population intensification, mixture 
of land uses, creation of population sub centers) have been shown to improve GHG emissions (per 
capita reduction in emissions).  
Those communities most organized may best be able to organize resistance to societally beneficial 
changes. Within the context of these challenges and the declining use of eminent domain, the ability 
for planning agencies to realize good changes needs to be enhanced.  

Research Question: Are decision-making processes that fully account for environmental 
externalities effective in resolving NIMBY issues?  

The city of Boulder, CO has been preliminarily chosen as the study location. Boulder is somewhat 
unique in the context of the U.S. in that it is leader in adopting a number of pro-environment 
regulations that protect natural resources at a personal expense (e.g., taxation for open space 
purchase, established and achieved goals for reduced VMT, nation’s first carbon tax). The 
population is highly educated and informed on environmental issues – while at the same time, there 
is significant opposition to changes in land use, building height restrictions, and intensification of 
development. While it may seem counterintuitive that environmentalists would be against 
environmental actions to mitigate GHGs, there is a significant part of the population that is against 
certain elements of climate change mitigation that increased urban intensification, mixture of land 
uses, etc. These efforts are led by an active and influential environmental community (e.g. Sierra 
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Club, PLANBoulder County). If Boulder is unable to make considerable progress (besides low 
hanging fruit) to reducing GHGs how are other communities in the U.S. supposed to fare? A study of 
Boulder could provide much insight into the ability of U.S. communities to make significant GHG 
reductions. 
 
Data needs: I propose to survey individuals who would be considered to be against intervention in 
GHG mitigation at the local level. My initial reaction is that environmental leaders and long-term 
members in the Boulder community fit this category although there might be others.  A community 
survey of randomly selected residents that surveys views on growth in Boulder may provide 
information on who is considered anti-development. These may concern individuals self-identified 
as politically conservative or libertarian in addition to those categorized as environmentalists. The 
organization of focus groups with the use of various decision making tools might help distill some 
of the areas of disagreement.  
 
Preliminary analysis ideas: Given the difficulty in realizing full cost accounting, planning efforts 
may benefit from a variety of approaches to full cost accounting. While still preliminary in nature, 
several thoughts come to mind in terms of useful techniques. The analytic hierarchy process (AHP), 
a multiple criteria decision making process, may be useful in these concerns. Approaches from the 
behavioral economics field may also yield insight into the area.  
 
There may be a wealth of areas that could be addressed that have yet to be explored. Some 
preliminary thoughts: 

1. How do various socio-demographic characteristics of an area impact the ability to 
influence beliefs? Do political affiliations, length of residency, degree to which one 
values the environment influence opinions?  

2. Any effort to push for policy change requires an education component. What types of 
information are accepted by different groups? 

3. What are the stated reasons for opposition to proposed changes? How do they vary by 
group? 

4. What is the planning profession’s role in creating NIMBYism? (i.e. Planning has a dark 
past of urban renewal  and transportation planning has the conventional predict and 
provide mechanism that is in part responsible for the dependence on the automobile.  

Feedback requested / Uncertainties:  

 The selection of Boulder as the study site is in part because of my familiarity with 
the city and its willingness to impose costs for environmental gains. Boulder is not 
representative of the U.S. – in terms of wealth, social and racial composition and 
education levels. Would the use of several cities at different ends of the spectrum 
better illustrate the point of explaining resistance to change and possible usefulness 
of full cost accounting decision-making tools? 

 While I mention behavioral economics as the source of the theory – I am not 
wedded to this, nor have I fully explored the available options – In essence this 
study is trying to get people to internalize traditionally externalized costs in 
deciding about local transportation / land use issues. I need to do more work to 
figure out what decision-making tools would be useful.  
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Title: The role of neighborhood attractiveness in influencing travel behavior 

Author: Eric Stonebraker, PhD Student, College of Architecture and Planning 

Committee: Kevin Krizek (Chair), Wes Marshall, Carey McAndews, Jeremy Németh  
 
Stage of Inquiry: This proposed study is in an initial phase of inquiry. This topic is chosen as I am 
interested in contributing to the area of knowledge concerning the relationships between the built 
environment and health, travel behavior and environment.   (Dissertation Proposal defense date: 
May 21, 2013) 
 
Abstract: 2   
 
The physical distribution, mixture and density of land uses impact a wide range of human activities. 
Human health, travel behavior, and community development are some of the areas impacted by 
what is commonly referred to as the built environment. A number of disciplines engage in these 
studies to understand the role of the built environment on such problems as obesity, cardiovascular 
disease and greenhouse gas emissions. Public health and environmental psychology fields also 
explore the influence of less commonly studied variables such as neighborhood attractiveness (i.e., 
sidewalk cafes, landmark buildings, street tree density, cleanliness) and place attachment 
(functional and emotional attachment) on human behavior. Aesthetics and place attachment have 
been shown to be strong levers for influencing change in related health studies and suspected to 
increase the likelihood of transit use.  The difficulty in changing the extant built environment and 
the desire to increase physical activity and shift travel modes away from single occupant vehicles, 
planners and designers need to consider a variety of catalysts for influencing behavior change. 
Those catalysts with the lowest costs and degree of difficulty may be most likely to be used. To 
advance our understanding of determinants of travel, this study poses the question: how effective 
are improvements in neighborhood attractiveness on transit use? 
 
Data needs: In order to conduct such a study, data would be obtained from a variety of sources. 
Transit ridership data, station area neighborhood attractiveness assessments via GIS, socio-
demographic data from the Census, and intercept surveys of transit users would be collected at pre-
determined stops. 

 
Preliminary analysis ideas: Several ideas come to mind to evaluate the impact of neighborhood 
attractiveness on travel behavior. A temporal study of improvements to neighborhood 
attractiveness at a specific transit station would be ideal, although difficult to find and perhaps too 
long a time frame given the lag time needed to affect change. Otherwise, a comparison of transit 
stops (light rail) that represent a continuum of attractiveness while controlling for other variables 
within one or more metropolitan areas is a second and more likely option. The analysis could use 
both a GIS assessment of neighborhood attractiveness in addition to an intercept survey of people 
at different transit stops. Preliminary or proof of concept studies have not been conducted.  The 
proposed statistical methods for evaluating the influence of neighborhood attractiveness includes 
using structural equation modeling (SEM) as it believed the influence of attractiveness is indirect 
and influences other variables (likelihood of walking, place attachment, environmentally 
responsible behavior, etc. that influence transit travel). 
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Feedback requested / Uncertainties:  

 Transit organization- supplied data likely does not distinguish access mode of rider – i.e. 
walk / bike vs. auto. So, local attractiveness of station area may or may not influence a 
transit rider who lives beyond the measured area used for attractiveness. This data may 
not be as useful.  

 Attractiveness and other variables in an SEM might influence frequency of ridership 
that typical transit organization data would not supply. There may be some distinction 
between how attractiveness influences transit use that  raw ridership numbers would 
not show. Not sure what data is best. 

 
 How to measure attractiveness? The indicators I used were based on results from a 

recent study that used the most influential variables. That was taken in New York City – 
and other indicators of attractiveness may be more relevant in areas with few sidewalk 
cafes, etc. Will need to look into this. 
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Title:  Who benefits from regional sustainability initiatives? Assessing social equity outcomes and 
factors associated with the equitable distribution of benefits resulting from regional rail transit 
 
Author: Kara S. Luckey, PhD Student, College of Architecture and Planning  
 
Committee:  Dr. Kevin J. Krizek (Chair); Dr. Jeremy Németh; Dr. Wesley E. Marshall; Dr. Tanya 
Heikkila (tentative); Dr. Susan Clarke (tentative) 
 
Stage of Inquiry: Proposed dissertation research (dissertation defense date: 21. May 2013) 
 
Abstract 
My research broadly seeks to understand how regional initiatives aimed to meet sustainability 
goals affect low-income households, and to identify factors that bear on the accrual of benefits 
among these residents. Regional approaches to promoting sustainability are experiencing growing 
support in the U.S. in response to economic and environmental interdependencies among 
municipalities (Keil & Whitehead, 2012), and in response to residential segregation, persistent 
poverty, and other social equity issues (Hayward & Swanstrom, 2011). Transportation planning has 
proven a particularly fruitful policy arena for regional initiatives (Weir et al., 2008), with rail transit 
programs frequently proposed as a sustainable means of reducing vehicle emissions, increasing 
resilience to economic shocks, and improving access to jobs for low-income residents. While 
evidence suggests the first two E’s – environment and economy – are often addressed by rail transit 
(Gallivan & Grant, 2010), there is less conclusive evidence supporting equity claims (Giuliano, 
2005). Indeed, the existing literature does not say much in general about if and how regional 
initiatives “pay off to those at the low end of the labor market” (Drier et al., 2010, p.274). Following 
this gap, my research will evaluate three related questions: 1) What claims are made regarding 
equity outcomes expected to result from regional rail transit programs?; 2) What equity outcomes 
have resulted (or are likely to result) from these programs?; and 3) What contextual, institutional, 
and organizational factors appear to contribute to particular equity outcomes? My research will 
assess all existing rail transit systems in the U.S., as well as planned and fully-funded programs that 
are regional in nature (i.e. serve multiple jurisdictions and are operated by a regional planning 
authority) and were primarily constructed and/or funded after the passage of ISTEA (which 
defined an expanded role for regional decision-making), resulting in approximately 20 cases. 
Because of my interest in economic development, property value effects, and resulting implications 
for low-income residents, I focus only on fixed-rail systems, which are expected to attract private 
investment to a greater degree than more flexible and easier to modify bus transit systems (Cervero 
et al., 2004). After conducting a content analysis of formal planning documentation to identify 
claims made regarding equity outcomes expected to result from regional rail, I will assess actual (or 
expected) equity outcomes through a GIS-based statistical analysis of U.S. Census data to identify a) 
the socio-economic characteristics of households that have (or will have) access to rail stations and 
b) the cost of housing near stations. I will then employ Qualitative Comparative Analysis to identify 
sets of factors that best explain varying levels of accessibility and affordability including: contextual 
factors (e.g. regional socio-economic composition and residential settlement patterns), institutional 
factors (e.g. level of federal and state support, presence of ballot initiative support, use of regulatory 
tools to promote social equity), and organizational factors (e.g. levels of regional collaboration and 
municipal fragmentation, characteristics of coalitions mobilized around transit investment). My 
research will contribute to critical gap in the literature by further elucidating theoretical 
connections between sustainability, equity, and New Regionalism. Additionally, my work will make 
important practical contributions by identifying factors that are important in achieving equitable 
outcomes, especially in light of increasing suburbanization of poverty across metropolitan regions. 
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Requested Feedback 
 Scope – The dissertation is quite large, as currently scoped.  If I secure external funding, I 

would need to complete the work within two-years.  With no additional funding, I need to 
complete it in one year.  I would appreciate feedback related to possibilities for scaling my 
questions and methods so that the dissertation is likely to be completed within a) one-year 
and b) two-years. 

 Number of cases – The QCA methodology which I propose requires that the entire 
population be studied.  With approximately 20 cases, this represents a significant amount of 
work.  While I would prefer to use this method, another possibility is selecting four to six 
case studies without conducting the QCA.  I would appreciate any insight into possibilities 
for case selection, should I chose to take this latter approach. 

 Measuring accessibility – I propose to assess equity outcomes related to two measures: 
accessibility and affordable housing.  There are a multitude of considerations in measuring 
accessibility.  I would appreciate feedback on different possibilities.  For example, is it 
justifiable to measure access to the rail network by using a simple pedestrian shed analysis 
of station areas?  Or, would it be better to use more advanced methods to measure 
accessibility to jobs of specific types?  Would it be appropriate to use spatial statistics to 
predict the likelihood of access for block groups with particular characteristics?  How might 
I account for connecting bus service which effectively increases accessibility to rail? 

 Difficulties in assessing expected outcomes – I propose to explore cases which are both 
fully built-out, and those which are planned and fully-funded.  Therefore, I would be 
assessing both actual equity outcomes (associated with built-out programs) and expected 
equity outcomes (associated with planned and fully-funded programs).  This clearly poses 
some methodological challenges.  I would appreciate any suggestions related to maximizing 
measurement validity so that findings are defensible. 
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Title: How can participatory information and communication technology tools enhance hazard 
mitigation planning? 
 
Author: Nader Afzalan, PhD Student, College of Architecture and Planning 
 
Committee: Brian Muller (Chair), Fahriye Sancar, Lisa Dilling 
 
Stage of Inquiry: Dissertation proposal (to be defended in late May or August 2013); As part of this 
research, I have submitted two journal papers to: Urban Technology; and Computer, Environment, 
and Urban Systems.  
 
Abstract 
Context of research: Informed and contextual decision making processes can increase the coping 
capacity of cities and decrease their vulnerability in facing natural disasters. Considering the role of 
Information and Communication Technologies (ICTs) in facilitating information sharing and local 
knowledge generation, this research explores how these tools can affect the coping capacity of 
cities, through exploring two questions: how can participatory ICTs (a) provide usable local 
information for planners in order to incorporate it in hazard mitigation plans, (b) provide 
opportunities for a valid dialogue among local communities in public infrastructure planning? 
Data that I intend to use:  

Questions Systems Tool Names Case studies Data collection 
method 

(a)Usable 
local 
informatio
n for 
mitigation 
planning 

Feedback 
systems 

CitySourced  Los Angeles, SF, 
San Jose, Redlands, 
Honolulu 

-Online data 
harvesting 
- Survey/ Interview 
planners 
 

Foursquare geo-
spatial check-ins 

Interactive 
systems 

bike-share websites Chicago, Cincinnati, 
NYC, Philadelphia, 
Portland 

Online neighborhood 
groups 

(b) 
dialogue 
for 
mitigation 
planning 

Interactive 
systems 
 

Bike-share website  Chicago Survey/ Interview 
planners 
Survey participants 

Online neighborhood 
group 

FarWest in i-
Neighbours 

MindMixer Boulder Civic 
Center 

 
Analysis Ideas: To answer the first question, first, the online data will be structured and analyzed 
using spatial and content analysis methods. Second, Planners will be surveyed or interviewed to 
examine how they perceive this structured information credible, salience, legitimate, 
understandable, and interoperable in mitigation planning. Finally, the data will be analyzed using 
content, factor, and network analysis. To answer the second question, Communicative Rationality 
Theory principles will be applied to evaluate how diverse discussion participants consider peoples’ 
ideas as comprehensible, legitimate, truthful, and sincere. Interpretive and content analysis will be 
used to analyze the results. 
Preliminary results: The analysis of user generated data requires time and technical expertise. 
Although part of this data may be irrelevant to hazard mitigation planning, it can still augment 
expert-based studies through providing contextual, synchronous, and local information. Place-
based online networks (e.g. neighborhood forums) also provide opportunities for participants to 
collaborate in a valid discussion by allowing them to evaluate the validity of each other’s comments 
and having face to face interactions. 
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Requested Feedback: 
Considering that my focus is on the effect of various tools on planning: 

 Is this research doable within a year or a year and a half? 
 Is it fine not to use the same cases for questions (a) and (b)?  
 Should I focus on both knowledge generation and valid dialogue, or go deeper into one? 
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Title: Comprehensive Bicyclist Safety Performance Functions and Collision Reduction Measures 
 
Author: Krista Nordback, PhD, Postdoctoral Researcher, Oregon Transportation Research and 
Education Consortium at Portland State University 
 
Committee: This is an extension of my dissertation work, and Professors Wesley Marshall, Bruce 
Janson Kevin Krizek, Jake Kononov, Debbi Main, and Keith Molenaar were on my dissertation 
committee.  At the national level, I am working with the TRB Bicycle Transportation Committee, 
Bicycle and Pedestrian Crash Relationship Subcommittee, and Bicycle and Pedestrian Data 
Subcommittee.   
 
Stage of Inquiry:  I graduated from of University of Colorado Denver with PhD in Civil Engineering 
in August, spent six months working at UC Denver on a project for the Colorado Department of 
Transportation, and started at Portland State University in March.  I would like to continue my 
career in research, but am not sure of the exact path of my work.  The plan I present here is a 
career-long project in which I am a participant.  It will require the work of many researchers across 
the country, but without someone pushing it forward, I fear it will not be achieved. 
 
Abstract 
Efforts have intensified to apply a more evidence-based approach to traffic safety.  One such effort 
is the Highway Safety Manual, which provides typical safety performance functions (SPFs) for 
common road types.  Unfortunately, the manual provides no SPFs for bicyclists, despite 
disproportionately high fatalities among this group. Instead the manual estimates the number of 
bicyclist-motorist collisions by applying a factor based on speed and road or intersection type to 
the number of motor vehicle collisions without including cyclist traffic volume. Research has shown 
that other factors, such as bicycle traffic volume, are fundamental predictors of the number of 
bicycle-motorist crashes to expect at an intersection (Ekman, 1996; Jacobsen, 2003; Jonsson, 2005; 
Leden, Gårder, & Pulkkinen, 2000; Nordback, 2012; Strauss, Miranda-Moreno, & Morency, 2013; 
Turner, Wood, Hughes, & Singh, 2011). 
 
SPFs for North American bicyclists have been developed for Boulder and Montreal (Nordback, 
2012; Strauss et al., 2013), but lack of both safety and exposure data limits development of such 
relationships in other locations.  Without understanding how traffic volume relates to geometric 
and other spatial variables, efforts to understand what facility types and treatments most reduce 
collisions and associated crash reduction factors (CRFs) are hampered. To rectify the situation, the 
following steps are needed: 

1) Accurate estimates of bicyclist volumes, similar to AADT for motor vehicles, throughout the 
road network, including on local roads and bicycle specific facilities.  These data also aid in 
understanding bicycle use for the purposes of economic impact studies, design, and 
planning. 

2) Collision geodatabases detailing bicycle specific collision types (Pedestrian and Bicycle 
Crash Analysis Tool (PBCAT)) integrated with hospital emergency room records. 

3) Specific safety studies of bicyclist-motorist collisions in the following: urban, suburban, and 
rural 4-way, 3-way and roundabout intersections; suburban and rural road segments on 
various road types and bicycle facilities including bicycle boulevards, cycle tracks, and 
bicycle lanes. 
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Requested Feedback 
 Have I convinced you that this is a worthy topic? 
 Is this a good approach and how would you improve it? 
 With whom should we team, and who would like to fund this? 
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Title: Evaluating Transportation Affordability and Economic Resilience by Transit Accessibility in 
the Denver Metropolitan Area 
 
Author: Alejandro Henao, Masters and PhD Student, Department of Civil Engineering 
 
Faculty Supervisor: Professor Wesley Marshall, Ph.D., P.E., Department of Civil Engineering 
 
Stage of Inquiry: Master’s thesis (to be presented in July for August 2013 Graduation). This 
research might become part of my PhD dissertation proposal.   
 
Abstract 
This research aims to study current and potentially future household transportation expenditures 
for home-to-work trips in the greater Denver metropolitan area, and evaluate the added 
transportation economic resilience provided by a transit service availability option. Potentially 
future conditions are those under fuel price shocks by 50-percent, 100-percent, and 200-percent 
fuel price increases compared to baseline current conditions. This conceptualization of fuel price 
shocks is not comparable to elasticity studies that have considered how relative minor gas price 
adjustments have impacted travel behavior; rather, we are interested in how a city (its inhabitants, 
its transportation system) would respond to a major shift in gas prices. Overall resilience 
represents the ability of a community to perform under shock effects (shock-absorption), to avoid 
the shock altogether (vulnerability), or the ability to recover quickly from a shock 
(shockcounteraction) (Briguglio et al., 2009); transportation resilience has to do with the ability of 
the transportation system to maintain a desired level of service or the time it takes to return to that 
level of service given a shock to the system (Heaslip et al., 2009). While transportation resilience 
research related to natural disasters and terrorist attacks is extremely important, there has been 
little research on the transportation economic component due to significant fuel price increase 
shocks (Dodson and Sipe, 2007, Motte-Baumvol et al., 2010, Zheng et al., 2011).   
 
The primary objective of this paper is to investigate how several geographical areas with different 
transit infrastructure respond to fuel price increase shocks with respect to transportation 
economics. These shocks can produce changes in travel behavior and/or negative impacts on 
household transportation expenditures. We hypothesize that regions with a better transit 
infrastructure would be able to better cope economically with these exogenous influences. In other 
words, a community with considerable transit infrastructure – even if experiencing minimal 
ridership today – would be able to withstand a rising fuel price shock far better than an auto-
dependent city that has not invested in transit. We do so by modeling transportation scenarios of 
50-percent, 100-percent, and 200-percent fuel price increases compared to baseline current 
conditions in the city of Denver using the Denver Regional Council of Governments (DRCOG) 
forecast activity-base transportation model. The results of the forecast model allow evaluating 
geographical areas across different levels (households, neighborhoods, cities and regions) by 
developing a metric index of economic transportation resilience. This metric index measures the 
change in household transportation expenditures after each fuel price increase shock. Then, we 
compare these results with the transit service at each geographical area including distance-decay 
effect evaluation. Secondarily, this study models the transportation system in Denver without the 
light rail under fuel price increases. The forecast model under this scenario is an important 
evaluation to understand the value of light rail in such extreme circumstances. 
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The findings of this study will help increase our understanding of transportation economic 
resilience with respect to fuel price increase, and how transit investments and service affect 
different communities and populations. These results can be used in policy implications for 
automobiles, land use, and transit infrastructure investments and planning, developing regional 
resilience plans, and future studies on related topics. This research will also offer a better 
understanding of the risks mitigated by diverse transportation infrastructures and, in turn, help 
shape more resilient, and more livable cities. 
 
Requested Feedback 

 Is the transportation economic resilience concept well define and clear? 
 Is the scope with the scenarios of 50-percent, 100-percent, and 200-percent fuel price 

increases, and the light rail removal enough or too large? How many geographical areas to 
pick at the neighborhood level that will represent the Denver metropolitan area? After 
selecting the number of origin neighborhoods, how many neighborhood destinations should 
be selected? The top 5?  

 How much effort should be given to explain that fuel price prediction in the future is a 
dilemma and these scenarios haven’t been modeled in the past? 
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Stage of Inquiry: This project is being developed to support my Master's thesis in transportation 
resiliency and bicycle/pedestrian network planning. I am also hoping to present the topic at the 
Bicycle Urbanism Symposium in June. 
 
Abstract 
Transportation resiliency is the ability for a transportation system to maintain or return to a 
previous level of service after a disruptive event. Among many methods to measure resiliency, 
quality and quantity of mode choices have been shown to be promising. The goal of this research is 
to build the foundation of a transportation resiliency assessment by measuring the availability of 
four mode choice options—driving, bicycling, walking and transit—in Denver, CO under economic 
shocks to the system such as an abrupt doubling or tripling of gas prices. 

Using outputs from the DRCOG (Denver Regional Council of Governments) Regional Travel 
Demand Model, we focus on work and school destinations where most people would still need to 
travel during such a disruptive event. Similar to the Center for Neighborhood Technology (CNT) 
housing plus transportation index, we assess travel options under several pricing scenarios. Unlike 
the CNT work, we do not assume that people will necessarily make the same mode choices. 
Accordingly, we estimate the ability of areas across Denver to shift to walking, biking, or transit 
modes.  

In order to assess biking and walking options in a realistic manner that takes into account the 
fact that not everyone will bike or walk even in situations where those modes offer the lowest 
“cost” options, we adapted and refined a bicycle level of traffic stress approach developed by 
Mekuria et al. This methodology facilitates non-motorized users based upon the level of traffic 
stress (LTS) that one will tolerate. For instance, while a small percentage of the population would 
bike on a busy road with a painted bike sharrow, a larger percentage would hypothetically use a 
cycle track. By measuring network connectivity in terms of traffic stress between home and 
work/school destinations, we can better understand the resiliency of different populations and 
neighborhoods via the existing infrastructure. To conduct this analysis, we used GIS to classify all 
Denver streets where bicycling and walking is permitted into four levels of bicycle/pedestrian 
traffic stress (LTS): LTS 1 is acceptable for children; LTS 2 will be tolerated by most adults; LTS 3 is 
unacceptable to many people in US cities; and LTS 4 represents the highest level of stress that is 
tolerated by few.  

By estimating the prospective population within each area of Denver that would use each bike 
or pedestrian LTS designation, we can better evaluate potential resiliency scenarios. This 
prospective travel behavior will be analyzed at the census tract level, assessing the multi-modal 
transportation options to the top work and school destinations of each census tract. Walking and 
biking will be considered as described above with respect to the lowest LTS connectivity between 
each origin and destination. Transit will be evaluated will respect to station access, travel time, the 
number of transfers, and whether the transit is rail or bus. These three modes will be compared to 
driving under various resiliency scenarios including the doubling and tripling of gas prices. This 
will allow us to assess the importance and financial benefit of various transit, biking, and pedestrian 
infrastructures—even if few are using those facilities today. It will also facilitate resiliency 
comparisons between neighborhoods and populations. Given the importance of accessible and safe 
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transportation systems to communities in today’s society, these findings offer an important 
approach to valuing multi-modal transportation investments as well as assessing a community’s 
resiliency and capacity to adapt travel behavior in the face of a catastrophic event. 
 
Requested Feedback 

 Is the level of traffic stress criteria for the bicycle and pedestrian and transit options 
accurate without being too simplistic? 

 How many school and work destinations should we evaluate? 3-4 sufficient? 
 Plan to work at the census tract scale for the destinations/origins—feedback on geographic 

scale? 
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Stage of Inquiry:  Second of three proposed peer-reviewed paper for dissertation (proposal 
defense date: April 9th, 2013) 
 
Abstract 
This paper expands on previous correlation analyses that link GDP to Congestion (Dumbaugh 2012) 
(Litman 2012) (Pozdena 2009) (Winkelman and Kooshian 2011)  by developing a framework to 
understand the growth and control cycles of congestion and then developing a structural equation 
model (SEM) to map and quantify the relationship between sustainable economic metrics, data 
typically associated with the economic well-being of cities, and congestion. Past and present 
metrics to manage and reduce congestion will be reviewed with the goal of establishing a clearer 
relationship between key sustainable economic metrics associated with the well-being of a city and 
congestion.  
 
Other than simulation models and linear regression analyses to determine the correlation between 
various congestion and economic metrics, I have not found a congestion model that tries to explain 
causation or the interrelationships that exist between congestion and key sustainable economic 
metrics . This gap can be addressed by developing a causal model of congestion using SEM. SEM 
requires that a system of relationships between variables be specified by using a series of equations 
(structural or prediction), like multiple regression analysis. These equations define a ‘model’ to be 
tested for ‘fit’, generally against data or alternative models (structure), implying assumedly causal 
relationships or path(Kline 2010). SEM has been used in the past to study travel behavior (Golob 
2003) and to predict car usage (Lois and López-Sáez 2009).  
 
The current strategies to reduce and manage congestion proposed by transportation agencies and 
researchers thus far are typically reactive in nature - they are put in place once congestion is 
present and prevalent.  Congestion, while easy to observe, it is very difficult to measure. Without 
the proper data to assess the effectiveness of individual projects, there is no way to prioritize and 
choose between competing alternatives, or justify proposed funding levels (Lawphongpanich, 
Hearn et al. 2006). This paper approaches this problem by proposing a model of congestion 
explores two cycles within the traffic congestion system: a Congestion Expansion Cycle (CEC) and a 
Congestion Control Cycle (C^3).   
 
The CEC maps the growth in congestion that occurs s as a city increases in affluence as measured by 
growth in GDP, availability of public open spaces, number of higher education choices, average 
income levels, etc. The C^3 typically tries to mitigate these effects by increasing roadway capacity, 
promoting alternative transportation, TOD's and mix-use developments, etc. This model aims to 
determine the key economic factors that affect the growth cycle and control cycles and determine 
how these affect the traffic congestion cycle and whether their inclusion helps improve the model's 
predictability. The data for this model will come from INRIX, the USDOT, US BEA, TTI, and other 
public sources. 
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Requested Feedback 
This paper is builds and expands the results of the first proposed peer-reviewed paper for my 
dissertation. In the first, I aim to establish a strong correlation between various congestion metrics 
and GDP for the top 100 MSA's in the U.S. Correlation does not imply causality and thus the need to 
better understand the growth and control cycles of congestion. I have been advised to steer away 
from using the word 'causality' because it is hard to prove and yet, the statistical methods that I will 
be employing for this particular research were explicitly developed to establish some form of 
causality. I would greatly appreciate feedback on this matter and whether the framework and 
model  of congestion I am proposing will be received positively. 
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Abstract 
Almost one-third of Americans live within five miles of their workplace—a distance within 
comfortable cycling limits—yet this is an activity difficult to encourage, much less sustain, for many.  
Encouraging more cycling to work through changing land uses (e.g., increased density or mix) or 
providing more bike lanes might be an effective course of action for many communities. They are, 
however, both costly and time-consuming. Practitioners therefore frequently use promotional 
events aimed at encouraging cycling, such as commuter challenges or car-free days. An outstanding 
question stems from a lack of understanding about the sharp decay effect that usually accompanies 
such an event: excitement and participation might be acute at first but rapidly dissipates afterward. 
Relying on detailed data from participants of one such commonly promoted event, Bike to Work 
Day (BTWD), this paper sheds light on this important matter. What are key limitations in ensuring 
BTWD events have longer lasting impact in changing individual travel behavior?  
 
This research asks the following questions: 

1. What is the impact of BTWD on commuter bicycling behavior?  
2. Do individuals change their travel behavior following BTWD, and if so, why? 

 
A survey administered by the Denver Regional Council of Governments (DRCOG) to participants of 
the 2012 Denver Bike to Work Day will be analyzed to answer this question. Descriptive analysis 
supports findings from previous BTWD literature, suggesting that BTWD events are successful at 
targeting female bicycle users who do not ride as regularly as their male counterparts (Rose and 
Marfurt 2007; Pucher et al. 2009). Female riders comprise a significant population (56%) of those 
who are frequently categorized in the ‘interested but concerned’ bicycle behavior typology (Dill and 
McNeil 2012). This suggests that BTWD events may be beneficial in attracting individuals that are 
underrepresented in biking to work while sustaining the current population that regularly bikes to 
work. Currently there is no clear definition of ‘interested but concerned’ populations, and this data 
may allow us to identify this population (or populations), and determine why they do not cycle to 
work regularly.  
 
Requested Feedback 
We are particularly interested in feedback on proposed quantitative methods to following areas:  

 Identifying participating populations 
 Determining likelihood of continuing to bicycle 
 Factors that may discourage more frequent cycling  
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