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Technology Review and Roadmap for Inventorying 
Complete Streets for Integration into Pavement Asset 
Management Systems 

EXECUTIVE SUMMARY 

For the nation’s interstates and auto-focused assets, neglecting asset management leads to 
deteriorating facilities, inefficient use of funding, and reactive rather than proactive 
maintenance. To address this, federal legislation requiring asset maintenance and data 
collection on asset conditions has been passed starting with MAP-21 in 2012 and the current 
FAST Act extended one year to last through2021. 

As defined by the National Association of City Transportation Officials (NACTO), Complete 
Streets are an “approach to roadway design focused on the needs of all transportation users, 
regardless of their age, ability, or mode of travel”. The Complete Streets policies originated in 
2003 and have since been adopted by state and local agencies across the nation. As active 
transportation assets are built, these types of assets need to be incorporated into asset 
management.  

Therefore, the objectives of this study are to understand the implementation status of 
Complete Streets asset management, identify what agencies need to improve their asset 
management plans, and develop a road map to move forward with Complete Streets asset 
management. To accomplish these objectives, surveys and interviews were used to gather 
information on Complete Streets. First, an initial draft survey was developed. Communication 
and interviews with GDOT and Caltrans helped refine the in-depth survey. The final survey was 
divided into 1) a short national survey focused on high-level Complete Streets implementation 
status, and 2) an in-depth survey to be given via in-person and phone interviews to selected 
transportation departments. Although the national survey is not within the scope of the project 
and was conducted in a separate effort at Georgia Institute of Technology, some national 
survey results were included as needed in this report. Interviews were conducted with GDOT 
and Caltrans as well as two metropolitan planning organizations (MPOs): Washoe Regional 
Transportation Commission in Nevada (RTC) and the Atlanta Regional Commission (ARC) in 
Georgia to fill out the in-depth version of the survey. All 50 state DOTs filled out the national 
survey. The results from both sets of surveys were synthesized to identify challenges and needs 
for Complete Streets implementation and asset management and to develop a roadmap to 
addressing those needs. 

Of the national survey respondents, 39 reported that they had some Complete Streets 
guidance. Although required to have a bike/ped coordinator, only 15 said they had a complete 
streets coordinator or liaison. Only seven had network level performance measures. Agencies 
marked safety, usage, and cost-effectiveness as the most important aspects to measure for 
performance if they were to develop a set of performance measures. Prioritization of Complete 
Streets is motivated by safety, usage, and cost-effectiveness.  
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The surveys showed many needs and challenges for implementing complete streets asset 
management. Some of the biggest challenges include funding and organization structures, lack 
of rating systems, and bicycle and pedestrian data availability, collection, and management. 
Challenges within the funding and organization structures include a lack of performance 
measures, a need for a complete streets coordinator, and needs for both inter- and intra-
agency collaboration. The rating systems challenges include the need for a condition rating 
system for Complete Streets assets including both physical rating systems, long-term 
performance forecasting, and cost analyses to support performance measures. The bike/ped 
data section highlights the need for improved safety and count data, data collection methods, 
and software and databases for storing and managing the data. 

These gaps and challenges were compiled into a road map to implementing asset management 
for complete streets. Two major pathways were developed for this road map: the asset 
management development pathway and the improved data collection and analysis pathway. 
Both pathways progress from concept to implementation, incorporating many of the gaps and 
challenges noted in the surveys and interviews.  

This report uses a national survey and interviews with various offices in Caltrans, GDOT, RTC, 
and ARC to identify the gaps and needs for implementing asset management for Complete 
Streets assets. With those gaps and needs, a road map with two pathways was devised to aid 
agencies in progressing and identifying future research projects. The contributions of this 
report, including both the needs identification and road map, are critical to agencies moving 
forward with asset management for complete streets. This is the first proposed roadmap for 
Complete Streets asset management. It can act as a starting point for conversation or research 
about incorporating complete streets into asset management. The final deliverables in this 
research project include 1) identified needs and challenges of Complete Streets asset 
management, 2) a Complete Streets asset management roadmap, 3) two Complete Streets 
pathways (a. asset management development and b. improved data collection and analysis), 
and 4) recommended projects for Complete Streets asset management research, development 
and implementation. Based on the roadmap, recommendations for next steps include:  

1. It is recommended to perform follow-up interviews with states with network level 
Complete Streets performance measures and targets to better describe the best 
practices. 

2. It is suggested to survey and interview city and county officials to understand the local-
level needs and challenges for Complete Streets asset management for fine-tuning the 
roadmap. 

3. It is recommended to develop research needs statements (RNS) for the projects to 
address the needs related to Complete Streets asset management. Recommended initial 
studies are developing a condition rating system for Complete Streets assets with 
defined performance measures, and pilot testing technologies for Complete Streets data 
collection. 
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Introduction 

Recognizing the importance of asset maintenance and rehabilitation, the federal government 
has passed a series of policies requiring asset management based on data collection on asset 
conditions, including the federal MAP-21 act in 2012 (1) and the current FAST Act extended one 
year to expire in late 2021 (2).  

Transportation agencies have an interest in increasing the use of active modes of 
transportation due to the potential benefits for public health and air quality. Active 
transportation requires the building, and then the maintenance and rehabilitation of 
infrastructure features to enhance the safety and appeal of active transportation. Complete 
Streets is a set of design principles for active transportation infrastructure that also bring other 
benefits. As defined by the National Association of City Transportation Officials (NACTO), 
Complete Streets policies are an “approach to roadway design focused on the needs of all 
transportation users, regardless of their age, ability, or mode of travel” (3). Figure 1 depicts 
examples of Complete Streets design with varying amounts of bicycle, pedestrian, and transit 
dedicated space. Bicycle advocates in the United States had been using the term “routine 
accommodation” since the 1970s, but in 2003 coined the term Complete Streets as a more 
impactful and inclusive phrase (4, 5). NACTO published their initial Complete Streets guidance 
in 2011 (6). Since then, Complete Streets are increasingly being adopted by state and local 
agencies into transportation infrastructure across the nation. According to Smart Growth 
America’s Complete Streets Coalition in 2018, 35 states had adopted some level of Complete 
Streets policy (7). 

 

Figure 1. Examples of Complete Streets designs made using Streetmix.net. 
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Complete Streets policies provide many benefits including increased numbers of people 
walking, biking, and taking transit; improved safety; improved public health; and reduced 
emissions. It has been shown repeatedly that if municipalities build infrastructure to support 
active transportation, more people will use these modes (8–13). There is also evidence that 
building Complete Streets increases cycling numbers but keeps fatality rates constant resulting 
in a net lower fatality risk per cyclist (14, 15). One Complete Streets project in Massachusetts 
increased bicycle volumes by 929% while dropping crash rates from 2.5 to 0.6 per 100 trips 
(15). A city in Iowa restriped a roadway during routine maintenance from  lanes, to two lanes 
with a center left turn lane and two bike lanes which reduced crashes by 57 percent while 
carrying 6% more motor vehicles (15).  

These projects show Complete Streets designs can improve cycling numbers and traffic flow 
while reducing crash rates. But injuries and fatalities also have associated costs. A report by 
Anderson et al. found that across the 34 projects in the study, $18.1 million was saved in 
averted costs from collisions in the first year (15). They also found that in some cases these 
averted cost savings were higher than the project cost. For example, in Nevada a project added 
bike lanes and widened sidewalks, which resulted in a 45% reduction in crashes and 62% 
reduction in injuries. They calculated that this saved them $5.8 million in the first year, more 
than the $4.5 million project cost (15). Active and public transportation also have associated 
health benefits (including cardiovascular, respiratory, and mental health) due to the increased 
daily activity of their users (16–18). Encouraging low-emissions forms of transportation can also 
reduce greenhouse gas emissions (17, 18). As agencies continue to build Complete Streets 
infrastructure to take advantage of these benefits, we need to be planning how to maintain this 
newly built infrastructure. 

The Federal Highway Administration (FHWA) defines asset management as “a strategic 
approach to managing transportation infrastructure assets [which] provides a systematic 
process for maintaining, upgrading, and operating physical assets cost effectively” (19). They list 
the benefits of asset management to include cost savings, more rational resource allocation 
decisions, simplified cost estimating and budget processes, improved data access, and 
improved safety. To reap these benefits, the government has passed numerous policies 
requiring asset maintenance and data collection on asset conditions in the USA starting with 
MAP-21 (1) in 2012 and the current FAST Act (2) set to expire in late 2020. The USA is not 
unique in the development of asset management policies; increased focus on asset 
management policies by transportation agencies has occurred globally (20–22).  

Complete Streets assets are components of a street designed to accommodate the needs of all 
users. This definition includes a broad array of assets including the driving lane, bicycle lanes, 
sidewalk, crosswalks, transit stops, and so on. This report focuses primarily on active 
transportation (bicycling and walking) assets.  

Objectives 

Asset management has proven to be an effective means to manage roadway assets that has 
been widely adopted by state and local transportation agencies (19, 20, 23). However, agencies 
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do not typically include Complete Streets in mainstream asset management systems, including 
the pavement asset management systems. Limited research was found on measuring the 
condition of bicycle and pedestrian facilities (24–27), and none was found on incorporating 
these facilities into existing asset management systems in the United States. Therefore, the 
objectives of this study were: 

• Understand the status of Complete Streets asset management and implementation 

• Identify what agencies need to improve their asset management plans 

• Develop a road map addressing those needs to advance progress with Complete Streets 
asset management 

The road map is intended to be used as a starting point and prompt for conversation that 
guides researchers and agencies to develop the framework, data, analysis, and decision support 
needed to fully incorporate Complete Streets into asset management processes. Information in 
this study was developed from the synthesis of a national survey, interviews, and in-depth 
discussions with transportation agency personnel. This study contributes to practice by 
identifying critical action steps and future research needs to move Complete Streets asset 
management from an idea to implementation.  

Tasks 

The tasks completed were: 

1. Develop and conduct interviews with the California Department of Transportation 
(Caltrans), the Georgia Department of Transportation (GDOT), the Atlanta Regional 
Commission (ARC), and the Regional Transportation Commission of Washoe County 
(RTC) to gain an in-depth understanding of the challenges and needs for Complete 
Streets implementation1 

2. Review Complete Streets implementation status and the challenges and needs for 
moving forward with Complete Streets asset management 

3. Develop a roadmap to incorporate Complete Streets assets into asset management 
systems. 

4. Write the final report 

 

1 Survey data can be found at Gadsby, April; Tsai, Yichang (James); Harvey, John (2021), Technology Review and 
Roadmap for Inventorying Complete Streets for Integration into Pavement Asset Management Systems, Dryad, 
Dataset, https://doi.org/10.25338/B8DK9G  

https://doi.org/10.25338/B8DK9G
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Methodology for Developing Complete Streets Asset Management 
Roadmap  

The goals of the methodology were to gain both a depth and breadth of understanding of 
Complete Streets implementation and asset management. The end product is a research road 
map to guide discussion on research, development, and implementation of asset management 
for Complete Streets. This was accomplished primarily through synthesis of results from a 
national survey and in-depth online interviews with GDOT, Caltrans, ARC, and RTC. Figure 2 
presents our methodology for developing the Complete Streets asset management roadmap. 
The methodology has the following major components: 1) Survey Development and 
Deployment, 2) Synthesis of Results and Identification of Challenges and Needs, and 3) Creation 
of the Roadmap. 

 

Figure 2. Visual Representation of the Methodology 

Survey Development 

The initial survey was developed based on our background knowledge of asset management 
and Complete Streets based on experience. To improve the survey, it was sent to personnel at 
GDOT, ARC, and the RTC, and later Caltrans for discussion, feedback, and refinement. After 
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multiple meetings with personnel at the four agencies, the ninth and final edition of the in-
depth survey was ready for deployment. However, by the ninth iteration, the survey was very 
detailed and in-depth, beyond any single person’s expertise. Therefore, two versions of the 
survey were used. The original, in-depth survey and a focused survey to be deployed nationally.  

National Survey 

Although outside of the project scope of this project, the national survey was designed and 
conducted with the purpose of gaining a broad perspective about the implementation of 
Complete Streets at a national level. The survey asked whether agencies had a policy or plan for 
Complete Streets, funding sources, project prioritization, performance measures, and 
challenges with implementation. The survey contained 17 questions and took under 10 minutes 
to complete. DOTs were encouraged to fill out the survey online but were also given the option 
to fill out a pdf or word version of the survey. All 50 state DOTs responded to the survey. 

In-Depth Survey/Interviews 

The in-depth survey/interview was designed with the purpose of delving deeper into the 
challenges and needs of agencies wanting to implement Complete Streets asset management. 
The final version of the in-depth survey comprised three categories of questions: Complete 
Streets Design and Implementation, Complete Streets Safety and Operations, and Inventorying 
Complete Streets for Integration into Pavement Asset Management. Each category comprised 
multiple parts for a total of 13 sections. Table 1 shows the sections and their titles.  

The length and breadth of the survey necessitated sending it to a variety of people in each 
organization. Agency members that agreed to partake could review the survey and brief 
descriptions of each section, then were interviewed to get their answers in the most efficient 
manner possible. Several people at GDOT, Caltrans, Atlanta Regional Commission (ARC), and 
Regional Transportation Commission of Washoe County (RTC) were interviewed by phone or in-
person for one hour each. 12 interviews were conducted. They were informed that their 
responses would be presented as that of the agency. When responses from an agency 
disagreed, the most common response was taken as the final answer for that agency. 
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Table 1. Sections and their titles of the in-depth survey 

Section Title 

Category 1 Complete Streets Design and Implementation 
Part I Complete Streets policy adoption and implementation 

Part II Motivation for Complete Streets Implementation 

Part III Funding for Complete Streets Implementation 
Category 2 Complete Streets Safety and Operation 

Part IV Complete Streets Implementation Strategy and Its Safety Impact 
Part V Bike Lane Physical Condition Assessment 

Part VI Bicyclists’ Sense of Safety/Level of Comfort 

Part VII Sidewalk Physical Condition Assessment 
Part VIII Sidewalk Level of Comfort/Walkability Assessment 

Part IX Sidewalk/American with Disabilities Act (ADA) Compliance Assessment 

Part X Scooter Safety 

Part XI Automated Vehicle (AV) Operation in Complete Streets 

Category 3 Inventorying Complete Streets for Integration into Pavement Asset 
Management 

Part XII Pavement Condition Assessment and Complete Streets Asset Inventory 

Part XIII Qualitative and Quantitative Value of Complete Streets Implementation 

Synthesis of Results and Identification of Challenges and Needs 

The survey and interview responses were gathered in spreadsheets for comparison, and the in-
depth interview recordings were reviewed for additional information. Once thoroughly 
familiarized with the data, the team identified challenges and needs for the roadmap from a 
combination of stated challenges and needs from the national survey and interview responses. 
In this step, the national survey and in-depth interviews were synthesized into an 
understanding of the current implementation status of Complete Streets and a final 
comprehensive set of challenges and needs.  

Complete Streets Asset Management Roadmap 

The final product of the research is a roadmap for research, development, implementation to 
achieve the vision of full integration of Complete Streets into asset management. The roadmap 
is displayed in two pathways that address the identified challenges and needs. The final 
products of from completion of the steps in the roadmaps should put agencies in position to 
implement asset management for Complete Streets.  
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Status of Transportation Agencies’ Complete Streets Implementation 
and Asset Management 

According to the national survey, 39 states have enacted some amount of Complete Streets 
guidance. Some of the 11 without published guidance noted that they had context-sensitive 
solutions or bike and pedestrian guidelines, but no specific Complete Streets guidance. These 
results are shown in Figure 3a, which splits guidance up into having a design guide, a policy or 
plan, some other form of guidance, or no guidance. This split was based on the implementation 
history at GDOT and Caltrans. These agencies developed a policy or plan before a design guide, 
and a design guide was necessary for widespread implementation. This may not be accurate for 
all state DOTs.  

Figure 3b shows the temporal spread of Complete Streets implementation according to the 
survey, with twelve having implemented them for over ten years, 24 for over five, and the 
remainder for less than five years. This shows that Complete Streets and active transportation 
are being increasingly implemented. The primary motivation for implementing Complete 
Streets was safety, followed by mobility for bicyclists and pedestrians. Development of 
communities, increased usage of active transportation, improved quality of life, and vehicular 
safety were all stated as other motivators by transportation agencies.   

Although agencies have enacted Complete Streets guidance throughout the country, they’ve 
made little progress on implementing asset management performance measures or targets for 
Complete Streets. As shown in Figure 3c, only seven agencies indicated they have Complete 
Streets performance measures at the network level, and another three at the project level. 
Twelve agencies responded they were developing performance measures and targets, 
suggesting that this is an urgent need for agencies. 

As Complete Streets cover multiple offices in most DOTs, a liaison or Complete Streets office 
aids in coordinating efforts to implement Complete Streets. Although the Federal Highway 
Administration requires all states to have a bike/ped coordinator (28), as seen in Figure 3d, only 
15 agencies have instituted what they would call a Complete Streets coordinator. Based on 
feedback about the national survey, the survey sparked conversation within agencies as they 
review their policies and practices. These conversations have included discussions of 
organizational structure, policy shifts, and focused debates around topics such as including 
freight in Complete Streets plans. 
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(a) 

 

(b) 
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(c) 

 
(d) 

Figure 3. (a) Complete Streets guidance implementation, (b) length of time agencies have 
been implementing Complete Streets (c) agencies with Complete Streets performance 
measures, (d) agencies with a Complete Streets coordinator. 
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Performance Measures 

Of the seven agencies that indicated they had Complete Streets performance measures, five 
could provide them to us. Table 2 provides summary of those five agencies’ Complete Streets 
performance measures. Based on the national survey, the top three guiding criteria for these 
performance measures are safety, usage (e.g., bike/pedestrian counts), and condition, but the 
most common measures in use were pavement condition, ADA compliance, and existence of 
pedestrian and bicycle facilities. Upon further review of the provided performance measures, 
no agency had maintenance-focused performance measures for bicycle and pedestrian specific 
assets. All condition-based measures were taken using the adjacent travel lane(s). Agencies 
measured bike/ped injuries and/or fatalities as their safety measures. The measures in the 
usage category typically measured the amount of bike/ped trips, but each agency selected a 
different metric. Although the definition of suitable varied, there were efforts to make 
accessibility measures focused on the suitability of roads for use by cyclists. 

These five agencies did not all specify targets in their reports besides a desire for an increase 
(i.e., bike/ped mode share) or a decrease (i.e., # of accidents). Maryland and Oregon both had 
some performance measures, but Maryland is the only state that consistently defined 
performance targets for each of their measures from the review of their documents. It is 
recommended that agencies set both performance measures and targets to track progress.  

Table 2. Table of Performance Measures for the Five State DOTs That Have Them 

DOT Usage Safety Condition Accessibility Network Other 

Connecticut 
(29) 

     
Fulfilment of 
steps in their 
plan (building 
pieces of the 
network, 
safety audits, 
manual 
updates, etc.) 

Iowa (30) Bike and 
pedestrian 
mode 
share 

# of 
accidents, 
# of 
accidents 
involving 
children 

N/A % of rural and 
urban network 
suitable for bike 
and ped 

# of miles of 
bicycle 
facility 
added 

% of 
Transportation 
Alternatives 
Program funds 
used for 
bike/ped; # of 
MPOs, 
counties, and 
cities adopting 
Complete 
Streets policies 
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DOT Usage Safety Condition Accessibility Network Other 

Maryland 
(31) 

Vehicle 
miles 
travelled, 
transit 
ridership 

# of 
fatalities 
and 
injuries, 
perception 
of safety 
(general) 

Road 
condition 
(not bike 
specific) 

% of network 
with acceptable 
Level of Traffic 
Stress score, 
access to transit, 
perceptions of 
connectivity 

N/A 
 

Minnesota 
(32) 

% of 
residents 
who bike 
1x/week, 
transit 
ridership 

# of 
fatalities 

Ride 
quality 
(not bike-
specific), 
curb ramp 
condition 

ADA compliance, 
accessible 
pedestrian 
signals installed 

Projects 
addressing 
bike, ped, 
transit, and 
freight 
needs (one 
measure 
each) 

 

Oregon 
(33) 

% of 
commute 
trips less 
than 20 
minutes 
made by 
bike and by 
walking (1 
measure 
each) 

# of 
fatalities, # 
of injuries, 
Perception 
of safety of 
walking 
and cycling 

 % of streets 
within a 1/2 mile 
of a transit stops 
with sidewalk, % 
of network with 
Level of Traffic 
Stress 3 or 
lower, % of 
streets within 1 
mile of a transit 
stop with bike 
Level of Traffic 
Stress 2 or lower 

 Recognition 
measures (i.e., 
state ranking 
for bike 
friendliness) 

Detailed Implementation Status from In-Depth Interviews 

The in-depth interviews gathered more detail on the Complete Streets' implementation status 
and history for the two DOTs interviewed. Both GDOT and Caltrans have policies directing the 
implementation of Complete Streets. Caltrans issued its initial directive (Deputy Directive 64) in 
2008 and updated it in 2014 (34). This directive requires the consideration of bike/ped/transit 
improvements in all projects, including construction and rehabilitation projects. In 2019, the 
California Senate passed Senate Bill 127 requiring funding for addition of pedestrian and bicycle 
facilities on most transportation facilities or rehabilitation of existing facilities, but it was vetoed 
by the governor (35). In contrast to Deputy Directive 64, SB 127 was more explicit, detailed, and 
went a step further in implementation by specifying the need for asset management, targets, 
and performance measures. Although it was not passed, Caltrans indicated that they are 
endeavoring to meet some requirements set forth in it. Towards this end, Caltrans has created 
a Complete Streets office and is working on developing an asset management plan with 
performance targets and measures.  
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A State Transportation Board Resolution mandated the Georgia DOT’s Complete Streets policy 
in 2012 and requires consideration of bike/ped/transit facilities in all new construction, 
reconstruction, and capacity-adding projects (36). Chapter 9 of the GDOT Design Policy Manual 
(37) outlines this. However, they have not reached the implementation level of setting 
performance targets and measures for their assets. Both agencies are implementing at the 
project level but see benefits of incorporating more of a network perspective to their Complete 
Streets policies. GDOT and Caltrans’ initial steps were similar, but Caltrans is a step ahead by 
working on developing Complete Streets associated targets, performance measures, and an 
asset management plan.  

Challenges, Gaps, and Needs for Implementation 

Funding and Organization Structural Needs 

Of all the challenges to implementing Complete Streets, the national survey indicated that 
funding was the primary challenge. 25 agencies responded that funding and lack of resources 
were their primary challenges to implementing Complete Streets. Right of way and construction 
costs were the main costs.  

Lack of performance measures for building and maintaining Complete Streets’ assets 
contributes to the lack of funding. Our interviewees suggested that without organizational 
Complete Streets performance measures in place there is not enough priority given to 
Complete Streets to solicit dedicated funding. Building Complete Streets is typically funded as 
part of a project and future maintenance is usually not considered once the project is complete. 
Agencies that have performance measures focused on building (miles of bike lanes, ADA 
compliance, counts when available, etc.), but did not have maintenance-related performance 
measures (cracking and other deterioration measures). Agencies that checked pavement 
quality of bike lanes did so in combination with the vehicle travel lane. The vehicle travel lane 
which will naturally accrue more wear than a bike lane due to heavier loading. Additionally, 
aspects of condition (e.g., debris, cracking, texture, etc.) may matter more to cyclists than 
drivers (24, 38). Bicycle and pedestrian-specific performance measures are needed. Creating 
performance measures regarding both the building and maintenance of Complete Streets 
assets will assist in predicting needs  and acquiring funding. 

The survey also indicated that lack of a dedicated organizational structure around Complete 
Streets also contributes to the lack of funding. Complete Streets cover many jurisdictions, 
crossing from state to city or county owned roads and do not fit neatly into one existing office 
at most DOTs. For example, personnel from traffic operations, planning, data, and design 
divisions in the DOTs participated in the interviews, all with some contribution to Complete 
Streets building and maintenance. The interviews suggested that a coordinator or liaison is 
beneficial to help coordinate Complete Streets between offices within an agency and between 
agencies.  15 respondents marked that they have a Complete Streets Coordinator or liaison. 
Besides a coordinator, the interviewees explain that for successful implementation Complete 
Streets asset management, it is also essential to establish organization performance measures 
that various offices (e.g., planning, maintenance, traffic operations, etc.) can respond to. As for 
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collaboration with the cities and counties that state roads pass through, only eight agencies 
responded they implemented Complete Streets at the network level with inter-agency 
collaboration. Complete Streets require higher levels of collaboration both within DOT and with 
other agencies, which will require new organizational structures and operation procedures to 
be effective.  

Rating Systems for Complete Streets Assets 

According to the survey, agencies had little information regarding the condition of their 
complete streets assets. An agency’s ultimate goal is to have a facility rating system that can 
both determine treatment options and timing as well as communicate the need to decision 
makers for funding allocation. Agencies need to know what aspects of performance are 
necessary to collect data for. Respondents identified four categories of performance for 
identifying and prioritizing maintenance and rehabilitation: safety, comfort, deterioration rate, 
and utilization. Agencies also need a prioritization approach to provide a weight to the rating 
for a final prioritization. Experience in asset management shows that prioritization requires 
some knowledge of the deterioration rate for the assets (performance models), and a 
conceptual identification of appropriate treatment(s) (decision trees). The rest of this section 
will discuss the steps agencies need to take to develop a prioritization approach based on 
experience in pavement asset management. 

A life cycle cost analysis (LCCA) can contribute to both project and network level asset 
management. At the project level, LCCA can assess initial, maintenance, and rehabilitation costs 
over the life cycle of different construction alternatives (39). LCCA can also be used for project 
level selection of the best maintenance or rehabilitation (M&R) treatment (39). These are both 
important because they can address the difficulty of getting funding addressed in the surveys 
by accounting for the later M&R costs of alternative designs or treatments.  

At the network level, LCCA is generally not used for several reasons, primarily because the 
optimization approach using LCCA has only recently been developed (40). Based on experience 
working with DOTs on their pavement management systems, most pavement management 
systems use decision trees to identify the most appropriate level of treatment (preservation, 
maintenance, rehabilitation, or reconstruction) for a set of condition variable states. They then 
use a cost/benefit analysis rather than an LCCA analysis to prioritize projects that are to receive 
a treatment. However, LCCA can improve the decision trees that trigger and then select the 
category of treatment. Agencies need performance measures and cost information on 
treatments for Complete Streets to use LCCA at the project level and decision trees at the 
network level. 

Finally, the interviews indicated that agencies need an encompassing condition rating system 
around which performance models can be built. This rating system is a critical need for agencies 
to start incorporating Complete Streets into asset management and prioritization for 
maintenance funding. A multi-criteria objective decision framework, considering asset 
condition deterioration, life cycle cost, safety, utilization, and accessibility, needs to be further 
formulated and developed to support Complete Streets M&R prioritization decision. In 
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addition, cross-asset decision making in terms of the funding allocation and distribution among 
different assets (e.g., travel lane pavements, bridges, sidewalks, traffic congestion reduction, 
etc.) still need to be properly formulated and developed to support a comprehensive Complete 
Streets asset management system.  

Pedestrian and Bicyclist Facility Data Availability, Collection, and Management  

According to the survey, transportation agencies see the need for data on the presence, 
condition, usage, comfort, and safety of their pedestrian and bicyclist facilities on a network 
level. Agencies believe these data are necessary for them to identify planning and maintenance 
needs within a network. 

However, they currently have limited availability of these data due to both limited data 
collection and cost-effective methods to collect the data. For example, the interview results 
indicated that agencies assess sidewalks only for ADA compliance, not condition, on a project 
by project basis. Bicyclist facility condition data is not being assessed or assessed as part of 
pavement condition surveys in asset management systems together with the vehicle travel 
lanes. This makes it impossible to determine bike facility-specific treatments. Both types of data 
have methods to collect them, but the respondents indicated that the current data collection 
methods are too costly and labor intensive to be used extensively. The survey responses 
mentioned measures for safety and usage as the most difficult to collect due to data inaccuracy 
and limited data collection capacity at a network level, respectively. Improvement of safety 
data and usage data were the most highly requested data improvements. 

Safety Data 

All agencies surveyed who have a prioritization system for building Complete Streets listed 
safety as one of their top three factors in prioritization of Complete Streets projects. However, 
crashes involving a pedestrian or cyclist often go unreported, except in cases of severe injury, 
due to the lack of police involvement in these types of incidents (41). The limited crash data 
leaves transportation agencies wondering where improvement is needed and without a means 
to quantify the effects of the improvements they make. 

Network Level Pedestrian and Bicyclist Usage Data 

The survey and interviews indicated that agencies consider pedestrian and bicycle usage data 
difficult to collect at the network level. Of the 21 agencies that responded to an open-ended 
question about their data collection challenges, 18 listed network level usage data as their 
biggest data collection challenge. Although spot counts are possible, it is challenging to collect 
usage data at a network level. Nevertheless, this data is important for transportation agencies 
to prioritize locations to implement Complete Streets.  

Optimize Data Collection Process for Complete Streets Data Inventory   

The surveys and interviews indicated that agencies need a cost-effective means of collecting 
their Complete Streets data for maintenance and asset management. Often agencies collect 
pavement surface data for the vehicle travel lanes automatically using high speed vans. They 
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then do the subsequent data processing and analyses for pavement distress information 
extraction automatically or semi-automatically. However, many agencies manually survey their 
bike/ped assets, which are slow, costly, and subject to human variability. The interviewed 
agencies show strong interest in improving cost-efficiency and data quality by combining 
additional Complete Streets data collection items into existing pavement condition data 
collection. Although combining data collection sounds appealing to the agencies, they are 
unsure of the feasibility without some evidence of its practical effectiveness. Some agencies 
foresee significant challenges in aligning different objectives from different offices while 
utilizing limited data collection resources. Other agencies believe that the specialized 
equipment designed for vehicle lane pavement data collection cannot adapt and capture the 
features and condition data on bike lanes and sidewalks. Experimentation and testing of data 
collection procedures suitable for bike lanes and sidewalks, either as part of street data 
collection systems or as separate systems, is needed. 

Database Management and User Interfaces 

Agencies surveyed identified the need for a database system and database management plan 
for their Complete Streets data. The interviews uncovered a need for a database that includes 
Complete Streets asset information with consistent data that multiple departments in the 
agency could use. Additionally, agencies identified the necessity of improved user interfaces for 
both inputting and extracting data from the database. GIS software is one tool that has been 
used for this task, however; GIS software typically requires a license and training to operate, 
limiting the number of employees who can interact with the data. GIS also does not use the 
typical postmile/lane location referencing system (LRS) used by most state and county DOTS or 
the street/cross street LRS used by most cities. This is especially challenging when considering 
that Complete Streets spans multiple departments/offices. Therefore, agencies need a 
database to house the new data, a simple method to input and analyze data that is accessible 
by multiple departments/offices, and a workable LRS. 

Roadmap for Inventorying Complete Streets Features for Complete 
Streets Asset Management 

Based on our review, we have developed a roadmap of actions and projects recommended for 
moving Complete Streets asset management forward. At the upper right, the roadmap begins 
with a vision of where completion of the road map leads. The roadmap journey starts on the 
left of the figure at conceptual development and progresses through the entire research arc to 
implementation. The research arc allows for the agency to develop their data sources, then 
models, then software and implementation strategies. This allows the agency to create a strong 
foundation to build upon. This concept is portrayed in Figure 4. To aid in progressing through 
the road map shown in Figure 5, it was divided into two pathways: the asset management 
development pathway (blue boxes) and the improved data collection and analysis pathway 
(green boxes). These are shown in Figure 6 and Figure 7, respectively. These pathways can be 
completed in parallel. Both must be completed before the implementation projects and map 
completion. 
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Figure 4. Building the complete streets asset management system from the data foundation 
up.



 17 

 

Figure 5. Roadmap for complete streets asset management. The blue boxes are associated with the asset management 
development pathway and the green boxes with the improved data collection and analysis pathway.
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In addition to the road map, some good practices for Complete Streets implementation were 
identified by the surveys. These include: 

1. Appoint a person/create an office to facilitate coordination between offices and 
agencies 

2. Establish Complete Streets performance measures and targets to allow for initiation of a 
cohesive data collection and prioritization scheme 

3. Incorporate Complete Streets into routine maintenance projects such as 
restriping/resurfacing projects to minimize costs 

4. Collaborate with cyclists and cyclist advocacy groups. Strong relations with them can 
foster mutual benefits such as bike comfort or network maps and promotion of 
crowdsourcing platforms 

Asset Management Development Pathway 

The asset management development pathway includes condition assessment, network level 
usage measures, safety impacts, and economic impacts. These lead to improved guidance for 
Complete Streets performance measures, targets, and prioritization. The final output of this 
pathway is guidance for Complete Streets performance measures, targets, and prioritization. 
Agencies mentioned an urgent need for initial asset management performance targets, so 
preliminary performance target setting begins the map. Agencies would refine these targets 
through research and experience. The map then splits into three tracks, condition/economics, 
usage, comfort/safety, representing the three main categories to include in the performance 
measures. The condition/economics path identifies, based on our experience and the 
survey/interview responses, the essential pieces needed to include Complete Streets in asset 
management:  

• Identification of what assets need to be inventoried and an appropriate location 
referencing system (LRS) to consistently tie data to the location of those assets 

• A framework for how to collect data, meaning a condition rating system and equipment 
and procedures 

• Performance models that forecast long-term performance 

• Decision trees to trigger treatment timing and identify preliminary type selection 

• Benefits equations for cost/benefit analysis 

• Prioritization indices or other prioritization methods in the usual case of constrained 

budgets where not all triggered projects can be funded 

• Methods for combining prioritization of projects triggered by the vehicle travel lane with 
prioritization of active transportation features 

Safety and mobility were the primary motivations for developing Complete Streets, so 
measuring their usage and their impact on safety is critical. The interview and survey responses 
characterized both usage and safety as data streams that need improved data collection 
methods. Therefore, projects to address those needs have been included in this roadmap as 
well.  
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Figure 6. Performance Measures Pathway, products in bold 

Improved Data Collection and Analysis Pathway 

The improved data collection and analysis pathway covers how to collect, store, and interact 
with the data. The final outputs from this pathway include a selection of optimal 
technologies/methods for data collection, a database for the Complete Streets data, and an 
improved interface for interacting with and inputting the data. 

Once data needs are identified, there will be a phase where manual/existing data collection 
techniques continue while an exploration of improved data collection techniques proceeds. 
Some ideas for the improved data collection techniques include existing technology such as the 
light detection and ranging (LiDAR) technology and future technology such as autonomous 
vehicles or crowdsourcing.  

Crowdsourcing offers the opportunity to gather high volumes of data frequently. However, an 
exploration is needed to identify the best measurement technology audience and items to 
inventory for acceptable accuracy and resolution. This source of data is uncalibrated, which 
could be acceptable with sufficiently high volumes of unbiased data. Crowdsourcing would 
logically also requires people to engage in the long term. These aspects need to be assessed to 
determine crowdsourcing’s potential for asset management data collection. Similarly, 
transportation agencies believe that Line Detection and Ranging (LIDAR) from autonomous 
vehicles has the potential to improve their data collection of aspects such as pavement 
markings, bike lane widths, debris on bike lanes, pavement condition, and presence of all 
roadway features. This would be high frequency data, but it is unknown whether the data have 
sufficient accuracy or resolution and the amount of required calibration. Data collection could 
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entail the use of in-house AV/CVs or a partnership with companies that own connected and 
automated vehicles such as rideshare, trucking, or delivery companies.  

The surveys and interviews indicated that pilot tests are needed to demonstrate the 
effectiveness of new data collection technologies to aid agencies in defining their bid 
specifications for technology vendors. Besides how to collect the data, agencies cited needs for 
data storage and access. Many offices will need the data collected, so the database needs to 
address all offices’ needs. In addition, the interviews unveiled a need for software for data 
input, analysis, and presentation that is user friendly and accessible by many agency 
members/offices without license limitations. Therefore, technology testing, database guidance, 
and user-friendly software development are included in the road map. 

 

Figure 7. Improved Data Collection and Analysis Pathway, products in bold 

Detailed Project Descriptions 

Each project listed in the roadmap has an accompanying detailed description with the identified 
needs addressed and a brief description of the project. Table 3 shows an example of this for the 
condition evaluation rating system of bike and ped facilities and forecasting and long-term 
performance of Complete Streets assets projects. The complete set is in the appendix. 
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Table 3. Example Detailed Project Descriptions 

Gap/Need Project Description 

1. Assets will 
deteriorate, but there 
is no measurement of 
their condition  

2. Agencies need a 
condition rating 
system that is 
descriptive enough to 
support maintenance 
decisions  

3. Forecasting is needed 
to properly support 
complete streets 
asset maintenance in 
the budget  

R2. Condition evaluation 
rating system of bike and 
ped facilities   

Define data collection purposes for 
prioritization, maintenance and 
rehabilitation planning, and 
communicated to the 
public/decisionmakers. Develop 
rating systems for bike/ped assets.  

R3. Forecasting and long-
term performance of 
complete streets assets  

Values for the service life of 
different bike/ped assets and 
recommendations of when to treat 
them based on performance and 
cost. Forecasting for future funding 
prediction.  

Note: R2 and R3 refer to projects identified in Figure 6. 
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Conclusions and Recommendations 

Incorporation of Complete Streets assets into mainstream asset management is a critical need 
as agencies build out their Complete Streets networks. This report has used a national survey 
and in-depth interviews with various offices in Caltrans and GDOT and two MPOs to identify the 
gaps and needs for implementing asset management for Complete Streets assets. Future work 
should also include more local-level agencies, but the gaps and needs identified here are based 
on state DOTs and two big MPOs. With the identified gaps and needs, a road map with two 
pathways was devised to aid agencies in progressing and in identifying future research projects. 
The first steps are to set preliminary performance measures and targets and identify what 
aspects of bike and pedestrian facilities need to be inventoried. From there, agencies can begin 
monitoring their assets and exploring rating system, performance, and alternative data 
collection strategies.  

The contributions of this study include 1) an understanding of the implementation status of 
Complete Streets nationally, 2) the identification of needs and challenges for Complete Streets 
asset management, 3) a roadmap to implementing it, and 4) sparking discussion within agencies 
about Complete Streets policies and asset management. These contributions are critical to 
agencies moving forward with asset management for Complete Streets. The final deliverables in 
this research project include 1) identified needs and challenges of Complete Streets asset 
management, 2) a Complete Streets asset management roadmap, 3) two Complete Street 
pathways (a. asset management development and b. improved data collection and analysis), 
and 4) recommended projects for Complete Streets asset management research, development 
and implementation.  

Based on the roadmap, the following are recommended:  

1. It is recommended to perform follow-up interviews with the states with network level 
Complete Streets performance measures and targets to further develop the best 
practices cases. 

2. It is suggested to survey and interview more city and county level officials, and 
especially include small and medium sized agencies, to understand the local-level needs 
and challenges for Complete Streets asset management for fine-tuning the roadmap 
with local level. 

3. It is recommended to develop research needs statements (RNS) for the projects to 
address the needs related to Complete Streets asset management. Recommended 
studies to begin with are R1 Inventorying Bike/Ped Facilities and R9 Pilot 
testing/feasibility of technologies for inventorying Complete Streets assets. a collection.  
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Data Management 

Products of Research  

The data collected for this project consisted of documentation of interviews followed a scripted 
questionnaire that included both written and transcribed verbal responses to the questions. 
Multiple interviews were completed for the California Department of Transportation and the 
Georgia Department of Transportation. Single interviews were completed for the regional 
transportation authorities for Atlanta, Georgia and Washoe County, Nevada. 

Data Format and Content  

The data are contained in MS Word files, with one file for each interview/response. 

Data Access and Sharing  

The data can be accessed through the Dryad data repository at 
https://doi.org/10.25338/B8DK9G.  

Reuse and Redistribution  

Data can be freely accessed as long as the users cite the data, this report, and/or subsequent 
paper to follow. Citation to dataset is: 

Gadsby, April; Tsai, Yichang (James); Harvey, John (2021), Technology Review and Roadmap 
for Inventorying Complete Streets for Integration into Pavement Asset Management 
Systems, Dryad, Dataset, https://doi.org/10.25338/B8DK9G   

https://doi.org/10.25338/B8DK9G
https://doi.org/10.25338/B8DK9G
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Appendix: Detailed Description of Roadmap Components 

This appendix has the complete set of detailed projects. The concept projects are not included 
as they are this project and the accompanying technology review. 

Research 

The research addresses the needs identified in the concept projects. There were many needs 
associated with data collection as well how to set up performance measures for complete 
streets assets. The needs are paired with projects, project deliverables, and project approach in 
Table 4. 

Table 4. Recommended Research Projects  

Need  Project  Description  

1. Some agencies are not 
inventorying their Complete 
Streets assets  

2. No standard set of assets to 
inventory to support 
Complete Streets  

3. Need cost-effective and 
efficient technologies to 
inventory  

R1. Inventorying bike and 
pedestrian/ ADA assets  

Two focuses: one is to identify and 
set up performance measures 
(attributes) and the second is 
technology to inventory and 
measure performance (e.g., 
conditions)  

1.  Assets will deteriorate, but 
there is no measurement of 
their condition  

2. Agencies need a condition 
rating system that is 
descriptive enough to 
support maintenance 
decisions  

3. Forecasting is needed to 
properly support Complete 
Streets asset maintenance in 
the budget  

R2. Condition evaluation rating 
system of bike and ped 
facilities 

Define data collection purposes 
for prioritization, maintenance 
and rehabilitation planning, and 
communicated to the 
public/decisionmakers. Develop 
rating systems for bike/ped assets.  

R3. Forecasting and long -term 
performance of Complete 
Streets assets  

Values for the service life of 
different bike/ped assets and 
recommendations of when to 
treat them based on performance 
and cost. Forecasting for future 
funding prediction.  

1. The impacts of Complete 
Streets projects (i.e., 
economic, safety, etc.) have 
been assumed, but not 
quantified.  

2. Quantified values for the 
impacts of Complete Streets 
would influence project 
prioritization.  

R4. Life cycle cost analysis and 
value of Complete Streets 
assets  

Quantify the economic impacts of 
building Complete Streets assets 
over its lifetime and the impact on 
surrounding development/return 
on investment  

R5. Safety impacts of Complete 
Streets implementation  

Quantify the effect of adding 
Complete Streets assets on 
reducing injuries and fatalities   
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Need  Project  Description  

1.  Usage numbers are needed to 
support project prioritization  

2.  Agencies have no cost-
effective, efficient, and 
reliable means of assessing 
ped/bike counts at network 
level.  

3.  Their typical asset 
management data collection 
technologies are not useful 
for this  

R6. Network level measurement 
of bike/ped counts 

A methodology for measuring 
ped/bike counts at network level 
throughout an agency’s 
jurisdiction  

1.  Agencies need improved data 
collection technologies  

2.  AV/CV present an opportunity 
to collect data cost-effectively 
and frequently, but how 
effectively is unclear  

R7. AV/CV for Complete Streets 
data collection  

Recommendations/guidance for 
utilizing/requesting data from 
AV/CV for Complete Streets 
inventory data collection  

1.  Agencies need improved data 
collection technologies  

2.  Crowdsourcing presents an 
opportunity to collect data 
cost-effectively and 
frequently, but how effective 
is unclear  

R8. Crowdsourcing for Complete 
Streets data collection  

Recommendations/guidance for 
utilizing data from crowdsourcing 
for Complete Streets inventory 
data collection  

1.  Agencies don’t know which 
technologies will be most 
cost-effective for data 
collection of Complete 
Streets inventories  

2.  Agencies may not trust 
technologies/be willing to 
invest in them until they have 
tested/experienced them.   

3.  Agencies need to know how 
to set up adequate bidding 
specification for certain 
technologies  

R9. Pilot testing/ feasibility of 
technologies for 
inventorying Complete 
Streets assets  

A technology demonstration that 
can be shared with agencies. 
Evidence of the costs/benefits and 
strengths/weaknesses of various 
data collection technologies.   
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Development  

The development phase takes the research from ideas to product and creates or refines 
products for implementation. These projects are described in Table 5. 

Table 5. Recommended Development Projects 

Need  Project  Deliverable  

1.  Agencies need 
performance measures, 
targets, and a 
prioritization scheme for 
Complete Streets 
projects  

D1. Guidance/ best 
practices for 
Complete Streets 
performance 
measures, targets, 
and prioritization  

Guide to setting targets, performance measures, 
and prioritization for Complete Streets projects 
for use by many different agencies  

1.  Complete Streets 
inventory data 
requirements need to be 
established.  

2. Databases are not set up 
for or are insufficient for 
incorporating Complete 
Streets into asset 
management due to the 
multi-office collaboration 
required 

D2. Database guidance 
for Complete 
Streets assets  

Guide on data requirements and listing required 
components in a database that incorporates 
Complete Streets  

1. Agencies need a means 
of inputting and working 
with the data  

2. GIS software can be 
complex, and require 
licensing and training, 
limiting the staff able to 
work with data stored in 
them   

D3. User friendly 
software for data 
input, analysis and 
presentation  

Develop a software that is simple (without GIS 
license and can display GIS) and works with a 
database following the database guidance to do 
data input, analysis, and presentation.   

1. Once agencies have 
identified potential 
technologies, they need 
to know the most 
efficient and cost-
effective data collection 
method 

D4. Optimized Data 
Collection Methods 
for Inventorying 
Complete Streets 

Test data collection methods with the identified 
feasible technologies. The goal is to collect as 
much data in a single pass as possible. The 
deliverable will be a data collection strategy for 
Complete Streets assets. 



 31 

Implementation  

The implementation phase is focused on bringing the research in to practice. These projects are 
described in Table 6. 

Table 6. Recommended Implementation Projects 

Need  Project  Deliverable  

1.  One of the largest hinderances to 
implementation of Complete 
Streets asset management is 
internal fragmentation of oversight 
and funding for Complete Streets. 
Additionally, there are no agency-
wide performance measures or 
targets, so inventorying Complete 
Streets assets is not a priority.   

I1. Best practices for 
internal 
organizational 
practices for 
Complete Streets  

A guide of the best practices for 
addressing organizational constraints to 
Complete Streets asset management 
implementation   

1. When trying to build a Complete 
Streets network, projects cross 
jurisdictions (state/local 
boundaries)  

2. Multiple agencies need to 
collaborate from the planning stage  

3. There are no consistent data 
collection or prioritization schemes 
across agencies  

I2. Best practices for 
encouraging 
interagency 
collaboration  

A guide of the best practices for 
addressing interagency collaboration 
constraints to Complete Streets asset 
management implementation  

1. The previous projects will produce 
new tools, methods, and concepts 
for agencies   

I3. Training for 
Complete Streets 
condition 
evaluation and 
prioritization  

A training workshop for implementing 
the results of the previous projects  

1. Agencies need performance 
measures, targets, and a 
prioritization scheme for Complete 
Streets projects  

I4. National 
Guidance for 
Complete Streets 
Targets and Data 
Collection  

Guide to setting targets, performance 
measures, and prioritization for 
Complete Streets projects for use by 
many different agencies  
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