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Preface

The original intent of the update to the Transportation Planning Handbook (third edition) was to simply provide more
recent references and add material on topics that had surfaced as an important planning topic since the publication of
the third edition nine years ago. In updating each chapter, however, it became apparent that much has happened since
the mid-2000s in transportation planning. Important changes have included a focus on performance-oriented plan-
ning, an increased emphasis on environmental and social justice, a continuing revolutionary change in transportation
system and vehicle technology, a similar revolution in the technology of data collection, the expanding options for
transportation finance, and a continuing trend in changing socio-demographic characteristics that will fundamentally
affect how travel occurs. What had begun as a simple update evolved into a major rewrite when it became apparent
that transportation planning is now facing many important challenges and opportunities that were just becoming
apparent in the mid-2000s.

In addition to the updates of the chapters found in the third edition, new chapters have been added to this edition
reflecting the importance of these topics to contemporary transportation planning. These chapters include trans-
portation finance and funding, highway system planning, travel demand management, local/municipal transportation
planning, and public engagement. These chapters were written by the editor.

Finally, the technology of publishing has changed dramatically since the mid-2000s such that we can now cross
reference and link key concepts from one chapter to another. This handbook does not repeat concepts that are inher-
ent to transportation planning whether focusing on state, metropolitan, or local planning contexts. For example,
Chapter 1 presents an organizing framework for transportation planning that outlines the major steps inherent in
any planning process. The chapters on statewide, metropolitan, and local transportation planning simply reference
this framework rather than repeat the framework in each chapter. Thus, those who are using individual chapters for
teaching and/or reference should be aware that each chapter might reference material in other chapters that is needed
to obtain a complete picture of the substance and concepts in a targeted chapter.

The experience in updating this handbook reflects the dynamic nature of transportation planning. As noted by the
editor in other publications and in previous editions of the handbook, transportation planning relates to the key policy
issues and decision contexts of the day. Although transportation planners in the mid-2000s would recognize much of
what planners are doing today, they would be surprised by planning interest in climate change, autonomous vehicles,
3D printing (and its impact on logistics), cloud sourcing as a tool for public engagement, and many other capabilities
and issues that have been enabled by changing socio-demographic characteristics and new technologies. The planning
process outlined in this handbook is one that is future-oriented, anticipating societal and technological characteris-
tics that will affect future transportation system performance. In addition, it is one that is flexible to allow policy
issues and new analysis capabilities to be included as they become important topics to planners and decision makers.
In this way, transportation planning will continue to stay relevant to the decisions that decision makers today and in
the future will be making to improve the vitality of our communities.

Preface o xi
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Chapter 1

Introduction to Transportation
Planning’

. INTRODUCTION

he economic health and quality of life of a nation’s communities depend on a well-functioning and safe trans-

portation system. For example, following housing costs, transportation is one of the biggest expenses faced by

an average houschold in the United States and in many other countries. This is usually measured by the actual
out-of-pocket costs associated with owning and operating vehicles or paying for transit fares. When one considers
the value of time it takes to travel from one location to another, often in congested conditions, this cost increases
significantly. The cost of freight and goods movement is also an economic cost passed on to consumers that will vary
depending on the price of transportation.

The accessibility and mobility provided by transportation systems can influence land use patterns and, thus, over time
affect how we live. The best example of this relationship is the large-scale suburbanization of U.S. metropolitan areas
and of those in many other countries after World War II when massive investment was made in suburban freeways.
Today, transportation investment is often an integral part of economic and development plans, usually including
transit, pedestrian, bicyclist facilities, and actions to manage transportation demand. The importance of transportation
investment in transforming communities raises questions of who is benefiting and who is carrying additional burdens
after the system has changed. These are questions that are part of many transportation planning studies.

The public is also concerned about the environmental impacts linked to transportation systems and their operation.
This has been manifested in many environmental laws and regulations that affect how transportation planning is
conducted and the types of data and tools that must be used.

These, along with many other reasons, suggest that the transportation system is a critical component of a successful
modern community and economy. Thus, anticipating the challenges and opportunities relating to transportation
system performance is critical not only to future transportation system effectiveness, but also to the economic and
social well-being of our communities.

This handbook examines many facets of transportation planning. Transportation planning can be a highly technical
process, which often relies on computer models and other sophisticated tools to simulate the complex interactions of
transportation system performance. It is a public relationship-oriented process in that transportation planners often
interact with a wide range of stakeholders and members of the public. Transportation planning can also become
intertwined with the politics of any given decision.

Some transportation planners and engineers focus on transportation supply—the facilities and services needed to
handle expected demands and characteristics of the infrastructure to provide such service. Others are more interested
in influencing travel behavior to promote more cost-effective and environmentally sustainable options for travelers.

Given the breadth of topics and issues that transportation planners can become involved in, transportation planning
necessarily includes a wide range of interests, skills, and expertise. Perhaps the most important characteristic of any
transportation planning process is to remain flexible given the dynamic nature of community planning and decision
making, and the importance of transportation planning providing input into this process. This need for flexibility will
be particularly important as the types of investment decisions for transportation systems evolve over the next several
decades in response to changing demographic and technology factors.

!"The original chapter in Volume 3 of this Handbook was written by Michael D. Meyer, WSP/Parsons Brinckerhoff. Changes made to this updated chapter are
solely the responsibility of the editor.

Transportation Planning Handbook: Institute of Transportation Engineers, Fourth Edition, Michael D. Meyer
© 2016 by by John Wiley & Sons, Inc. Published by John Wiley & Sons, Inc. Introduction to Transportation Planning * 1



Il. ORGANIZATION OF THIS HANDBOOK

This handbook is organized to reflect different levels of user familiarity with transportation planning. Not only do
transportation planners need to know about the defining characteristics of the transportation system itself, but given
a variety of transportation planning contexts, they must also understand the specific application contexts they are
working in. In addition, transportation planning can be applied at a multimodal level, for example, statewide or
metropolitan transportation planning efforts where all modes of transportation are considered, or it may target a very
specific transportation strategy or element, such as freight planning.

The handbook is organized to answer six major questions:

What is transportation planning?

Chapter 1: Introduction to Transportation Planning

What are the basic concepts for understanding transportation systems and their relationship to the community?
Chapter 2: Travel Characteristics and Data

Chapter 3: Land Use and Urban Design

Chapter 4: Environmental Considerations

Chapter 5: Transportation Finance and Funding

What are the types of tools and analysis methods used in transportation planning?
Chapter 6: Travel Demand and Network Modeling
Chapter 7: Evaluation and Prioritization Methods

Chapter 8: Asset Management

How does one plan for mode-specific transportation networks?
Chapter 9: Road and Highway Planning

Chapter 10: Transportation System Management and Operations
Chapter 11: Planning for Parking

Chapter 12: Transit Planning

Chapter 13: Planning for Pedestrians and Bicyclists

Chapter 14: Travel Demand Management

How does one plan for multimodal transportation networks?
Chapter 15: Statewide Transportation Planning

Chapter 16: Metropolitan Transportation Planning
Chapter 17: Corridor Planning

Chapter 18: Local and Activity Center Planning

Chapter 19: Site Planning and Impact Analysis

Chapter 20: Rural Community and Tribal Nation Planning
Chapter 21: Recreational Areas

2 ° TRANSPORTATION PLANNING HANDBOOK



What are some special planning applications transportation planners should know about?
Chapter 22: Integrating Freight into the Transportation Planning Process
Chapter 23: Playing it Safe—Safety Considerations in the Transportation Planning Process

Chapter 24: Public Participation and Engagement

Individual chapters provide linkages to relevant information in other chapters of the handbook. For example, trans-
portation professionals interested primarily in chapter 12 on transit planning, will find references to other chapters on
travel demand models and data collection that provide more in-depth coverage of a transit-related application. Thus,
in some cases, chapters that in other texts would have spent considerable time discussing some aspect of a particular
topic (such as transit demand modeling), the reader is directed to other parts of the handbook. Given the breadth of
many transportation planning studies, it should not be surprising that, in some instances, almost every chapter in the
handbook could be relevant to a particular study.

In addition, given the importance of performance measures in today’s transportation planning, instead of discussing
their definition and role in one chapter, the discussion of performance measures is found in each chapter where
appropriate. In this way, performance measures can be discussed with specific reference to how they can be used for
different modes and planning efforts.

The remainder of this chapter describes the transportation planning process and the legal/regulatory foundation in
the United States for much of what occurs in transportation planning today.

lll. THE TRANSPORTATION PLANNING PROCESS

Transportation planning is often portrayed as an orderly and rational process of steps that logically follow one another.
In reality, planning and project development are much more complex, often with many different activities occurring
concurrently. Shown in Figure 1-1, the planning process starts with understanding the problems facing a community
and ending with a solution to identified problems (projects programmed and designed). In a typical planning context,

Figure 1-1. Conceptual Framework for Transportation Planning
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many of these steps may have already occurred and therefore are not relevant to a particular planning effort. For
example, metropolitan planning organizations (MPOs) in the United States have been developing transportation
plans for decades, and as a result, a typical planning effort might simply be updating an existing transportation plan.
In the context of Figure 1-1, the development of goals, objectives and performance measures might consist of validating
those that were developed for the prior version of the plan. Even with these caveats, the planning process shown in
Figure 1-1 helps identify important components of the planning process and how they relate to one another. The
planning process in Figure 1-1 will be referenced throughout this handbook.

A. Major Steps in Transportation Planning

The planning process begins with an understanding of the socio-demographic, land-use, and economic context within
which a transportation system operates. This is followed by becoming aware of the problems, challenges, opportu-
nities, and deficiencies of transportation system performance within this context, be it a state, province, region, or
community. This usually entails some form of analysis and assessment of the changing context of transportation sys-
tem performance and an examination of both the existing and expected challenges facing the transportation system.
This initial step is important because a planning agency usually begins a planning study based on the planning and
analysis that has preceded it. More often, a transportation plan is being updated, or some specific problems have
been identified that require a planning effort to be undertaken. Understanding the nature of the challenges facing a
community thus becomes an important starting point for the planning steps that follow.

The next step is developing a community or study area vision. The dimensions of the vision portrayed in Figure 1-1 reflect
the interaction among desired states of economic prosperity, environmental quality, and social equity/ community
quality of life. These three factors have been chosen purposely as defining a vision because they are often considered
to be the three major elements of sustainable development; a concept well-developed and accepted in recent years
(see chapter 3). The vision can consist of general statements of desired end states or can be as specific as a defined
land-use scenario. The visioning process often relies on extensive public outreach and is considered one of the most
community-interactive steps of the planning process.

Once a vision has been defined, the next step is to acquire more specific information about what the vision means.
What is the desired performance of the transportation system? What characteristics of community life can be most
positively affected by transportation improvements? This more specific definition of a community’s future is usually
accomplished by defining goals and objectives that provide overall direction to the planning process. These goals and
objectives not only help define the purposes of the planning process for the public, but can also help identify criteria
to evaluate different transportation system options and alternatives.

Goals and objectives can also lead to the identification of system performance measures. Using measures to monitor
the performance of the transportation system and the progress of transportation plans and programs is relatively new
to the transportation field (see, for example, the performance management requirements of the 2012 U.S. federal
transportation law—Moving Ahead for Progress in the 21st Century (MAP-21)). The primary purpose of collecting
data on key system performance characteristics is to provide information to decision makers on the aspects of perfor-
mance that are most important to them. Performance measures can be used to monitor whether congestion, average
speeds, system reliability, and mobility options have changed over time. Many planning programs have also developed
performance measures relating to such things as environmental quality, economic development, and quality of life. In
these cases, transportation is just one factor that contributes to achieving overall community goals.

Collecting and analyzing data, the next step of the planning process, is key to understanding the problems and potential
challenges facing the transportation system and the surrounding community. This analysis process primarily focuses
on understanding how a transportation system and its components work and how changes to the system will alter its
performance. A large part of the analysis step is identifying the current status of system performance. Analysis also
includes identifying alternative strategies or projects that meet the objectives of the study. Analysis tools, ranging from
simple data analysis to more complex simulation models, are used to produce the information that feeds the next step
of the process, which is evaluation.

Evaluation is the process of synthesizing the information produced during the analysis step (for example, the
benefits, costs, and impacts of different alternatives) so that judgments can be made concerning the relative
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merits of different actions. As noted by Meyer and Miller [2014], evaluation should incorporate the following
characteristics:

e Focus on the decisions being faced by decision makers.

¢ Relate the consequences of alternatives to goals and objectives.

¢ Determine how different groups are affected by transportation proposals.

* Be sensitive to the time period in which project impacts are likely to occur.

¢ In the case of regional transportation planning, aggregate information in a way that allows planners to assess
the likely effects of alternatives at varying levels.

e Analyze the implementation requirements of each alternative.
e Assess the financial feasibility of plan recommendations.

 Provide information on the value of alternatives in a readily understandable form and timely fashion for
decision makers.

One of the most common ways to ensure that the results of the evaluation process are linked closely to decision making
is through the evaluation criteria used to assess the cost-effectiveness of individual alternatives or strategies and that
reflect important decision-making concerns. These criteria provide important guidance to planners and engineers on
the type of data and analysis tools to be used in producing the desired information.

Note in Figure 1-1 that planning can result in many different products. Studies can recommend the pursuit of specific
transportation projects or services; they can recommend changes to institutional structures or funding programs that
would make the management of the transportation system more effective. Some studies might recommend specific
policy changes, such as how land-use and development plans should be linked to the transportation plan. In the
United States, one of the most important products of the statewide and metropolitan transportation planning process
is the development of a transportation plan. Much of what is covered in this handbook focuses on the steps necessary
to develop such a plan. However, it is important to recognize that the ongoing planning process actually results in
many different products aimed at improving the performance of the transportation system and in enhancing the
economy and quality of life of the community it serves.

The actual program of action—in the United States called the transportation improvement program (TIP) for a
metropolitan area or a state transportation improvement program (STIP) for a state—is connected to the plan through
a process called programming. Programming matches the most desirable actions that have surfaced through the evalu-
ation process with available funds. Priorities must be set when there are insufficient funds to satisfy all of the funding
needs. This process can take many forms, ranging from political considerations to the use of systems analysis tools to
assign priorities to different projects or alternatives.

Once a project or action has been programmed for implementation, its design and operation must be further refined,
and likely impacts further explored. This process of refinement is called project development. Project development takes
various forms, depending on the scope and magnitude of the project and the expected effects. Three major steps in
project development include: developing project concepts, planning the project in finer detail than typically occurs
in systems planning, and preliminary/final engineering. When significant environmental impacts are expected, the
project development process will usually (depending on federal and state laws) include an environmental analysis
process whose steps are well laid out in rules and regulations.

The final component of the framework is system monitoring. Note in Figure 1-1 that system monitoring provides
feedback to the definition of goals and objectives and the use of performance measures. Poor system performance
can lead to further planning analysis to better understand the dynamics of the underlying problem, or it might very
well lead to the identification of new goals and objectives.

The planning process shown in Figure 1-1 is very different from more traditional constructs. First and perhaps most

significantly, system planning as shown encompasses a broad set of planning steps. Many books on transportation plan-
ning have focused almost exclusively on analysis and evaluation, with the visioning process, program and/or project
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implementation, and system monitoring occurring outside the planners’ purview. The approach toward planning in
this handbook adopts a much broader perspective to transportation planning.

Second, the use of performance measures is a relatively new addition to systems planning, and as shown in Figure 1-1,
is a central concept to the overall process. Given the important linkage between planning and decision making that
serves as the core concept in the definition of planning used in this handbook, performance measures should focus on
the information of greatest concern to decision makers. Performance measures not only help define data requirements
and influence the development of analytical methods, but also become a critical way of providing feedback to the
decision-making process on the results of previous decisions.

Third, a major purpose of planning is to identify and analyze alternative improvement strategies and projects, which
could include traditional infrastructure projects, but also actions to influence travel behavior and system performance.
For example, travel demand management (TDM) strategies, such as variable work hours, rideshare programs, and
parking pricing, have become important options in many metropolitan areas for reducing demand for transportation.
Likewise, many intelligent transportation system (I'TS) actions are not really projects as much as they are efforts to
better improve transportation system performance through the use of technology. The planning process in Figure 1-1
provides for a much wider consideration of actions and strategies than what is usually considered part of the trans-
portation planning process.

Figure 1-1 was presented primarily as a structure for planning in the United States. Other countries have their own
requirements for transportation planning, or in the case of developing countries, they often follow the guidance of
international lending institutions, such as the World Bank. However, although the goals and objectives, models and
analysis tools, and strategies might be different from those found in the United States, the overall approach to planning
in other countries is still similar to what is shown in Figure 1-1.

A final characteristic of planning proposed here is the periodic feedback provided to the original vision definition,
goals statement, and identification of performance measures through system management and operations. System
management and operations serves as a major source of information on transportation system performance and thus
is an important indicator of system deficiencies or opportunities for improvement.

One of the useful aspects of the process shown in Figure 1-1 is that it provides a framework for assessing how com-
prehensive a planning process is for addressing specific issues. For example, Table 1-1, structured from Figure 1-1, is
an example of how to assess the effectiveness of a transportation planning process with respect to safety issues. Similar
constructs could be developed for almost any issue of concern to a community.

B. Linkage to Policy and Other Planning Efforts

Because much of transportation planning has developed in response to the needs of a nation, individual states or
provinces and municipalities, a great deal of what a transportation professional does is defined by law. In the United
States, for example, the Constitution establishes the structure of government and the powers, responsibilities, and lim-
its of the different branches and levels of government. Those powers vested in the federal government take precedence
over the actions and authority of state and local governments. Thus, although state departments of transportation
(DOTs) and MPOs focus on state and metropolitan/local issues, respectively, federal law often requires that certain
actions be taken. For example, federal law requires that each state and metropolitan area have its own transporta-
tion plan. Federal law, interpreted through regulations, requires that the process for developing these plans must
have certain characteristics, such as an effective public participation process. In those areas that have not attained
air-quality standards as set forth in federal regulations, the transportation system plan, improvement program and
selected projects must be found to be in conformance to the adopted air quality plan. It is beyond the scope of this
chapter to identify all of the U.S. federal requirements that influence transportation planning; however, some addi-
tional description of key laws that transportation planners in the United States will be exposed to is important (for
more a more exhaustive presentation of relevant federal laws see [Gayle, 2009; Meyer and Miller, 2014]).

Federal guidance on transportation planning is justified by the importance of transportation to the nation—the econ-
omy, national security, and health and welfare of its citizens. It is this national purpose that generates the need for an
informed and consistent approach to transportation investment across the nation, especially where federal funds are
involved. Congress first established a federal requirement for metropolitan transportation planning in the Federal-Aid
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Table 1-1. Assessing the Consideration of Safety in the Transportation Planning Process

Vision

e Is safety incorporated into the current vision statement of the jurisdiction’s transportation plan? If not, why not?

e Is safety an important part of the mandates and enabling legislation of key agency participants in the planning process?
e Is safety an important concern to the general public and planning stakeholders? If not, should it be?

e How is safety defined by the community?

e What type of information is necessary and desired to educate the community on the importance of a safe transportation
system?

Goals and Objectives

e Is safety incorporated into the current goals and objectives set of the jurisdiction’s transportation plan? If not, why not? If
so, what, if anything, needs to be changed in the way safety is represented?

¢ How does the safety goal relate to the community understanding of safety as discovered through the vision development
2
process?

¢ Does the safety goal lead only to recommended project construction and facility operating strategies, or does it also relate
to strategies for enforcement, education, and emergency service provision?

¢ Does the safety goal reflect the safety challenge of all modes of transportation, that is, is it defined in a multimodal way?

e Are there goal-related objectives that provide more specific directions on how the goal is going to be achieved? Are these
objectives measurable?

¢ Do the objectives reflect the most important safety-related issues facing a jurisdiction?

¢ Can the desired safety-related characteristic of the transportation system be forecast or predicted? If not, is there a
surrogate measure or characteristic that will permit one to determine future safety performance?

¢ What type of information is necessary and desired to educate the community on the importance of a safe transportation
system as it relates to planning goals and objectives?

e If target values are defined in objective statements (for example, fatal crashes will be reduced by 20 percent), have these
targets been vetted through a technical process that shows that the target value can be reached?

Performance Measures

e What are the most important safety-related characteristics of the transportation system that have resulted from
community outreach efforts to date? If performance measures are used, are these characteristics reflected in the articulated
set of performance measures?

e Will the safety performance of the transportation system (as defined in the performance measures) likely respond to the
types of strategies and projects that will result from the planning process? That is, are the performance measures sensitive
enough to discern changes in performance that will occur after program implementation?

e Are the number of safety performance measures sufficient to address the safety concerns identified in the planning
process? Alternatively, are there too many safety measures that could possibly “confuse” one’s interpretation of whether
safety is improving?

¢ Does the capability exist to collect the data that are related to the safety performance measures? Is there a high degree of
confidence that the data and the data collection techniques will produce valid indicators of safety performance? Who will
be responsible for data collection and interpretation?

¢ Can the safety performance measures link to the evaluation criteria that will be used later in the planning process to assess
the relative benefits of one project or strategy over others? If so, can the safety performance measures be forecast or
predicted for future years?

(continued)
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Table 1-1. (Continued)

Analysis—Data

¢ Given the definition of safety that resulted from the visioning and goals/objectives phases of the planning process, what
types of data are needed to support the safety desires of the community?

e Are these data available currently? If not, who should collect these data? Are there ways of collecting these data, or are
there surrogate data items that can be used to reduce the cost and burdens of data collection?

¢ Does the state (or region) have a systematic process or program for collecting safety-related data? If not, who should be
responsible for developing one?

e Is there a quality assurance/quality control strategy in place to assure the validity of the data collected? If not, who should
develop one?

e Are there opportunities to incorporate data collection technologies into new infrastructure projects or vehicle purchases
(for example, surveillance cameras or speed sensors)?

e Does the safety database include safety data for all modes of transportation that are relevant to the planning process (for
example, pedestrians, bicyclists, transit, intermodal collisions, etc.)? If not, what is the strategy for collecting such data?

Who should be responsible?

e What types of database management or data analysis tools are available to best use the data (for example, a geographic
information system)? Are such tools available to produce the type of information desired by transportation decision
makers?

e Are there other sources of data in your state or region that might have relevant data for safety-related planning (for
example, insurance records, hospital admissions, nonprofit organizations, etc.)? If yes, who should approach these groups
to negotiate the sharing of data?

e Are there any liability risks associated with the collection and/or reporting of crash data? If so, how can your agency be
protected against such risk?

Analysis—Tools

e What is the scale of the safety problem being faced? Regional? Corridor? Site-specific? Are tools available that analyze
safety problems at the same scale of analysis?

Source: Washington, Meyer, et al. 2006. Permission granted by the Transportation Research Board.

Highway Act of 1962. To receive federal transportation funds, this law required urbanized areas with a population
greater than 50,000 to develop a continuing, comprehensive transportation plan that was a cooperative venture with
state and local governments. This requirement, known as the 3C planning process, still serves as the foundation of
today’s transportation plans.

The 1973 Federal-Aid Highway Act and subsequent FHWA-Urban Mass Transportation Administration (UMTA)
Joint Regulations on Transportation Planning had a profound impact on the institutional responsibilities for trans-
portation planning. For the first time, federally supported urban transportation planning was funded separately: half
of 1 percent of all federal-aid funds were designated for this purpose and apportioned to the states on the basis of
urbanized area population. These funds were to be made available to “metropolitan planning organizations (MPOs)
responsible for comprehensive transportation planning in urban areas.” The Joint Planning regulations thus required

that an entity called the metropolitan planning organization be established in every urbanized area with a population
of more than 50,000.

A multiyear prospectus and annual unified work program had to be submitted specifying all transportation-related
planning activities for an urban area as a condition for receiving federal planning funds. The urban transportation
planning process was required to produce a long-range transportation plan, which had to be reviewed annually to
confirm its validity. The transportation plan had to contain a long-range element and a shorter-range “transportation
systems management element” (TSME) for improving the operation of existing transportation systems without new
facilities. A multiyear “transportation improvement program” (TIP) also had to be developed consistent with the
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transportation plan. The TIP had to include all highway and transit projects to be implemented within the coming
five years. The TIP had to contain an “annual element” that would be the basis for the federal funding decisions
on projects for the coming year. The consequences of these requirements were that they changed the emphasis from
long-term planning to shorter range transportation system management, and provided a stronger linkage between
planning and programming. [Weiner, 1992, 2008] Most of these requirements, except the TSME of the long-range
transportation plan, are still operative today.

In 1991, the Intermodal Surface Transportation Efficiency Act (ISTEA) ushered in what many saw as a new era for
transportation planning in the United States at both the metropolitan and statewide levels. This law fully established
MPOs as the central forum for making transportation planning and investment decisions in metropolitan areas; it
required a robust public involvement process, and it provided new flexibility in the use of federal capital program
funds so that MPOs and states could find the best solutions to their transportation problems, rather than funding
projects that fit the eligibility requirements of specific categorical funding programs. Different planning factors were to
be addressed in the transportation planning process, including the need for the plan to be multimodal and intermodal,
and to better understand the linkage between land use and transportation. ISTEA also required that both the plan and
the TIP be fiscally constrained to only those projects that had a reasonable expectation of funding.

Prior to ISTEA, there was no federal requirement for statewide transportation planning, although many states do
such planning. Along with the new requirements for metropolitan planning, ISTEA required states to create a plan-
ning process that would produce a long-range, intermodal statewide transportation plan and a short-range program
of projects. While the process and content of the statewide plan did not have to be as rigorous as the MPO plan,
Congress did include a list of planning factors that states were to consider.

The Moving Ahead for Progress in the 21st Century Act (MAP-21) passed in 2012 consolidated numerous categorical
funding programs into a much smaller number of programs. For transportation planning, its biggest impact was in
its requirement for state DOTs and MPOs to adopt performance measures. [FHWA, 2014a] The U.S. DOT was
required to establish performance measures for safety, pavement conditions, bridge conditions, operational perfor-
mance of the Interstate, operational performance of the non-interstates on the National Highway System (NHS),
freight movements, mobile source emissions, and congestion. For transit, the U.S. DOT must “establish a national
transit asset management system and performance measures for keeping transit in a state of good repair.” States and
MPOs were to establish targets for each performance measure, and adopt a “performance-based approach” in planning
and programming transportation projects. This performance-based planning and programming approach was more
than just imposing performance measures on states and MPOs; it also required MPOs to measure and report on the
outcome of investments from the TIP/STIP as they affected the travelling public. [FHWA, 2014a]

In recognition of the important role that freight plays in the national, state, and regional economies, MAP-21 required
the U.S. DOT to report biennially on the conditions and performance of the “national freight network,” and to
develop tools for “an outcome-oriented, performance-based approach to evaluate proposed freight-related and other
transportation projects.” The transportation goals specified in this law for the federal highway programs included:

o “Safety— To achieve a significant reduction in traffic fatalities and serious injuries on all public roads.

o Infrastructure Condition— To maintain the highway infrastructure asset system in a state of good repair.

o Congestion Reduction— To achieve a significant reduction in congestion on the National Highway System.
o System Reliability— To improve the efficiency of the surface transportation system.

o Freight Movement and Economic Vitality— To improve the national freight network, strengthen the ability
of rural communities to access national and international trade markets, and support regional economic
development.

o Environmental Sustainability— To enhance the performance of the transportation system while protecting
and enhancing the natural environment.

e Reduced Project Delivery Delays— To reduce project costs, promote jobs and the economy, and expedite
the movement of people and goods by accelerating project completion through eliminating delays in the
project development and delivery process, including reducing regulatory burdens and improving agencies’

work practices.” [FHWA, 2014b]

Introduction to Transportation Planning © 9



The most recent federal transportation legislation (as of the date of publication of this handbook) is the Fixing
America’s Surface Transportation (FAST) Act. This law reaffirmed the planning requirements of MAP-21 and added
the following requirements to the metropolitan planning process.

¢ “Continue to require metropolitan transportation plans and transportation improvement programs (TIPs)
to provide for facilities that enable an intermodal transportation system, including pedestrian and bicycle
facilities. It adds to this list other facilities that support intercity transportation (including intercity buses,
intercity bus facilities, and commuter vanpool providers).

 Expand the scope of consideration of the metropolitan planning process to include: improving transportation
system resiliency and reliability; reducing (or mitigating) the stormwater impacts of surface transportation;
and enhancing travel and tourism. Specifically, it required the consideration of strategies to reduce the vul-
nerability of existing transportation infrastructure to natural disasters. [FHWA, 2016]

¢ Add public ports and certain private providers of transportation, including intercity bus operators and
employer-based commuting programs to the list of interested parties that an MPO must provide with
reasonable opportunity to comment on the transportation plan.”

Given that transportation plays such a critical role in a nation’s economy and in promoting the well-being of its
citizens, it should be no surprise that transportation is part of many other legislative initiatives aimed at achieving
nontransportation goals such as economic development and environmental quality. Again, it is beyond the scope of
this handbook to identify all such laws. In terms of impact on transportation planning and project development, the
most notable are the National Environmental Policy Act (NEPA), the Clean Air Act (and its amendments), and the
Americans With Disabilities Act (ADA). [Gayle, 2009] Chapter 4 on environmental considerations in the planning
process discusses these and other laws and regulations relating to environmental factors; chapter 12 and chapter 13
on transit planning and pedestrian and bicycle planning, respectively, describe ADA requirements for transit and
pedestrian facilities; and chapter 15 and chapter 16 discuss the laws and regulations relating specifically to statewide
and metropolitan transportation, respectively.

State governments also create and enforce laws relating to transportation (where not superseded by federal law). For
example, a state can pass laws regulating the licensing and operations of trucks or other vehicles moving freight,
but state laws cannot impede interstate commerce, which is protected by the Constitution. State laws are important
in transportation for several reasons. First, they create the institutional structure for transportation planning at the
state and, in many cases, metropolitan levels. That is, state DOTs and their roles and responsibilities are defined
in state statutes, as are the roles and responsibilities of MPOs. Second, local units of government such as cities and
counties are created by state governments. These local governments often cannot adopt laws and policies or raise
taxes without enabling legislation from the state legislature. For example, in most states, a city cannot adopt a sales
tax for transportation purposes without approval from the state. Third, state governments pass laws that can have
significant impact on transportation planning. In Washington state and California, for example, state environmental
laws require that statewide and metropolitan transportation plans undergo an environmental review to determine
potential environmental consequences of the plan’s proposed investment strategy. Finally, state governments establish
their own sources of funding for transportation investment, which are even more important than federal sources for
supporting a state’s transportation system.

Similar to federal laws that recognize transportation’s influential role in achieving nontransportation goals, other types
of state-mandated planning often include transportation as a means of accomplishing program goals and objectives.
Some examples of the linkage between transportation planning and other planning efforts are provided below to
illustrate how transportation planning influences, and is influenced by, other planning activities.

Oregon: In many states, land use planning is the responsibility of local governments with only minimal guidance
from state law. In 1973, the state of Oregon established the Land Conservation and Development Commission along
with fairly rigorous (at least by the standards of most states) policy requirements for local planning. Subsequent
goals adopted by the commission, which by reference have the force of law, cover numerous topics including the
relationship between transportation and urbanization. The adopted transportation goal spells out the required content
of transportation plans, while the urbanization goal includes adopting urban growth boundaries. In Oregon, state law
clearly influences the range of actions to be considered in the transportation planning process. [Abbot, 2014]

New Hampshire: Transportation plans often demonstrate the need for future travel corridors in a metropolitan area or
state, whether highway or transit. However, once a corridor is designated in a plan, developers may see it as a preferred
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development site because of improved access. If future rights of way are built upon, the construction of the planned
facility will be more expensive because of higher land acquisition cost. The New Hampshire legislature passed a law
permitting the commissioner of transportation to designate corridors for planning purposes that provides both funding
flexibility and land use protection (called corridor preservation). [New Hampshire Statutes, 1993]

Georgia: Many states require local jurisdictions to conduct comprehensive planning and to prepare plans that foster
orderly growth. Georgia’s local comprehensive planning law requires the evaluation of the following transportation
assets as part of a community’s comprehensive plan. [Georgia DCA, 2013]

* Road network: Roads, highways, and bridges.

o Alternative modes: Bicycle, pedestrian facilities, public transportation, or other services for populations with-
out automobiles.

o Parking: Areas with insufficient parking or inadequate parking facilities.
o Railroads, trucking, port facilities, and airports.

e Transportation policies, programs, and projects and their alignment with local land use development policies.

Many states have passed smart growth legislation whose purpose is to guide development in the state and in com-
munities where transportation or other infrastructure already exists or where it can be provided through developer
contributions. Chapter 3 describes smart growth efforts in more detail.

Local governments, such as counties, cities, towns, and municipalities, also pass laws to protect the health, safety, and
general welfare of their citizens. Local governments can influence transportation planning through their control of local
street systems as well as their legal responsibilities for land-use zoning. Zoning ordinances empower local governments
to take actions that protect the health, safety, and general welfare of their populace. These local policy and regulatory
roles are critical to metropolitan transportation planning because of the close linkage between transportation and
land use. As comprehensive plans and zoning codes define the location of different land uses and the density of
development, they create over time an urban form that places demands and constraints on the transportation system.
In addition, the provision or improvements to the transportation system can influence where development occurs.
If both do not proceed in a coordinated fashion, the respective decisions may not always be compatible.

Local governments use a number of legal tools to address trafhic impacts, including access management regulations,
Complete Street requirements, impact fees and adequate public facilities ordinances. Some notable examples include:

o Access management is a strategy to reduce the number of conflict points on arterial streets, thereby increasing
both capacity and safety. It is applied primarily where there is continuous retail and commercial development
along an arterial road, where the tendency is for each site to have its own driveway access points.

* Adequate public facilities ordinances were developed in response to the need for public agencies to provide
infrastructure to accommodate the needs of private development. Such ordinances are used to assure that
public schools, roads, sewers, police and rescue response times, and/or other infrastructure or services are
“adequate” to support proposed new development. For example, large subdivisions were often built with
the developer providing only the internal infrastructure. The presumption was that the local government,
pleased with the addition to its property tax base, would solve any resulting problems of traffic congestion,
overcrowded schools, lack of public parks, demands on sanitary sewers and treatment plants, and so forth.
Local governments in growing regions came to understand that the cost of providing all of the supporting
infrastructure and services could outweigh the tax benefits of the development. The response was adopted
ordinances requiring developers either to demonstrate the availability of adequate public facilities or to build
whatever may be necessary to accommodate the needs of the new residents.

o Traffic or transportation impact fees are used by governments to internalize the cost of transportation improve-
ments associated with development proposals. Such fees are typically enabled by state law and created by local
government ordinance. The revenue generated by the fee is used by the local government to defray the cost of
off-site transportation improvements. This model is most often used in high-growth areas as a way to capture
the cumulative impact of numerous individual site developments.

More is said about the tools available to local communities and their impact on transportation planning in chapter 3
on land use.
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The preceding discussion focused on the U.S. policy and legal context for transportation planning. Other countries
have similar structures establishing the legal foundation for planning activities (countries in the British Common-
wealth, for example, have a long legacy of comprehensive planning legislation that has included transportation in
significant ways). Transportation planning, no matter where practiced, reflects the institutional structure for such
planning established by national, state/provincial, and local governments. In addition, transportation planning is
influenced by the societal, economic, and technological factors that define the context within which transportation
planning occurs. As such, it is important for transportation planners to think about those trends and the likely char-
acteristics of the future that will influence the use and performance of the transportation system.

IV. CHANGING CONTEXT FOR TRANSPORTATION PLANNING

The issues considered in a transportation planning process often reflect the changing characteristics of society as
a whole. In addition, changes in economic markets and transportation technology often provide challenges as well as
opportunities to enhance transportation system performance. Figure 1-2 presents one way of looking at how these
changes feed into a planning vision. As noted by Meyer (2007), the 10 factors likely to influence how transportation
systems are planned and perform in the future include:

1. Population Growth

Population growth and where populations locate ~ Figure 1-2. Changing Context of Transportation Planning
place increasing pressures on governments at all

levels to provide transportation infrastructure ‘ gfor\’;tﬁtg; _
and services, even though the mechanisms for Demographics Distribution Transportation

. 1 . . . . System Condition
providing this service might be very different : : l
from historical practice. The United States will Evolv:\r/]lgrig?snomlc \ Technology
see an increase in population over the next sev-
eral decades, with immigration providing a large Financing
portion of this increase. For example, the 30 Energy Supply | » +— Capacity
years between 2015 and 2045 will see 70 million and Price
more people added to the U.S. population, more / Changing
population than currently in New York, Florida, Environmental Enables Institutional
and Texas combined. [U.S. DOT, 2015] In the Imperatives Structures
absence of policies that influence development )

1 . £ hi h will likel Connections

patterns, a large portion of this growth will likely Competitiveness
continue to occur in suburban areas. However, Community Development
center cities are also likely to experience growth Environmental Quality

National and Personal Security
Quality of Life

Source: Meyer, 2007, Reproduced with permission of M. Meyer.

(depending on the metropolitan area), especially
as “empty nesters” move back into urban centers.

2. Changing Demographics

The aging and changing demographics of the U.S. population will have profound and lasting effects on personal
transport and will increase demands for services to population groups that could be very different than today, such as
the elderly. For example, on average, Americans over the age of 65 drive half the amount of Americans aged 25 to 64.
In 2009, Americans between the ages of 18 and 34 drove 21 percent fewer miles than those in that age group did in
2001. Between 2000 and 2013, the population of low-income Americans in suburbs grew twice as fast as low-income
populations in cities. [U.S. DOT, 2015] New demands for housing choices and community services; improved access
to cultural and recreational sites; and easy access to interstate travel all lead to a transportation system that is not
focused as much on aggregate flows as it is on individual and group travel patterns.

3. Evolving Economic (and Thus Geographic) Markets

Future U.S. economic success will be tied closely to the ability of the nation’s economic centers or megaregions to
connect to the global economy. For example, in 2008, eleven identified megaregions in the United States included
75 percent of the U.S. population and employment, more than 80 percent of the gross regional products, 92 percent
of the Fortune 500 company headquarters, and were the source of over 92 percent of the patents issued in the United
States. [Ross and Woo, 2011] This suggests that not only should transportation investment be focused on the nation’s
major ports of entry and the transportation facilities serving them, it should also be focused on the effectiveness of
the internal transportation system in these economic centers.
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4. Transportation System Preservation

It is safe to say that system preservation already dominates transportation program expenditure in many countries; this
is not an emerging issue as much as a consequence of the age of infrastructure building boom of the 1960s—1970s. Of
the 607,000 public road bridges in the United States, about 67,000 were classified as structurally deficient in 2012 and
another 85,000 were classified as functionally obsolete. Over the past 10 years, more than 15 percent of state capital
spending on highways has gone to bridge rehabilitation and replacement. [U.S. DOT, 2015] Although certainly not
one of the most stimulating issues in political forums, preserving and maintaining the existing transportation system
infrastructure will increase in importance even more during the next several decades. In most states and metropolitan
areas, these needs will dominate investment priorities in the near future.

5. Transportation System Resiliency

Transportation systems tend to be vulnerable to disruption from natural or man-made causes. It is not surprising that
the largest number of targets for terrorist attacks around the world is some component of a transportation system. . . .
buses in Israel, the Tokyo subway system, buses in London, commuter rail in Madrid, and reported attempts to derail
Amtrak trains in the United States. Extreme weather events, such as hurricanes, heavy precipitation storms resulting in
floods, extreme temperatures, drought, and tornadoes, also often cause major disruptions to a transportation system.
Hurricanes Katrina and Sandy in the United States, for example, caused billions of dollars in damage to roads, bridges,
railroads, airports, and ferry terminals. Over the longer term, climate change could exacerbate the risk of transporta-
tion system disruption from weather events. Transportation planners and engineers need to be concerned about
how to plan and design transportation systems that are not only resilient—that is, systems that can survive and/or
recover quickly from disruptions—but also systems that can act as lifelines for emergency relief and recovery after a
disaster occurs.

6. Technology

Modern society is largely defined by the technologies used to support individuals’ everyday activities and the foun-
dational technologies that keep communities functioning, such as water, transportation, waste removal, and power
technologies. Absent any major disruption in the nation’s economic structure, new technologies will likely play a signif-
icant role in how the nation and individual citizens conduct their business in future years. This is likely to be especially
true for the management and use of the transportation system. Of particular interest today is the rapid technological
advancements in autonomous (self-driving) vehicles, the application of vehicle-to-infrastructure technologies, and
3D printing (used in long-distance manufacturing). A recent U.S. DOT report on the future of transportation
identified the following likely characteristics of technology applications in transportation. [U.S. DOT, 2015]

¢ Data collection and analysis will become cheap and widespread.
¢ Payment (for transportation) will be easy, frequent, and inexpensive.

e New methods of payment will enable transportation agencies to develop more targeted user-fee-based revenue
streams.

3D printing has the potential to disrupt traditional supply chains and counteract the growth of imports by
reducing the need for large-scale manufacturing, transportation, and storage.

* Robotics research is advancing across all transportation modes.

 Automation will have a potentially transformative impact across all transportation modes, increasing produc-
tivity, improving safety, and enhancing the capacity of existing infrastructure.

e 'The automation of motor vehicles is likely, and has the potential to revolutionize ground transportation.

e While many emerging technologies could have major safety and security benefits when applied to transporta-
tion, in some cases they could also create new vulnerabilities.

¢ Rapidly evolving technology will demand government flexibility: regulations may be necessary, but in order
to advance and encourage innovation, not prevent it. Government must also ensure the primacy of safety as
new technologies are implemented.

The implications of these new technologies on transportation system decision making and finance are largely
unknown.
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7.  Financing Capacities

Increasing vehicle fuel efficiency and reduced vehicle miles traveled resulted in an inflation-adjusted federal gas tax
revenue decline of $15 billion, or 31 percent, from 2002 to 2012. Over the same period, state gas tax revenues
decreased by $10 billion, or 19 percent, adjusting for inflation. The FHWA has estimated that at least $24 billion in
additional capital spending would be required from all levels of government to improve highway system performance.
[U.S. DOT, 2015] The future will see a much wider variety of financing strategies used to support the transportation
system. In the short term, however, the gasoline tax will likely continue as the major source of road financing. New
finance strategies will include a combination of public and private initiatives and the application of pricing schemes
resulting in some additional financial resources.

8. Changing Institutional Structures

Due to the changing financing strategies of future investment programs and the geographic definition of markets,
future institutional arrangements will likely include many different structures and strategies than are seen today. For
example, one is likely to see more regional organizations focusing on problems and challenges that cross jurisdictional
boundaries. Likewise, given the local nature of many transportation problems, many regions will likely see a growth
in transportation-related civic groups. In addition, as noted above, private companies and firms will play a more
important role in transportation finance.

9. Environmental Imperatives

One of the most significant factors affecting the future of transportation decision making is likely to be the contin-
uing public and policy concern for preserving and enhancing environmental quality. Traditionally, this has included
concerns for air quality, noise, water quality, habitat and wildlife preservation, and the like. In the future, this concern
will likely include attention to the emission of greenhouse carbon gases and their long-term impact on the climate.
Many areas of the world and in the United States are already experiencing higher-than-normal extreme weather events.
Such events coupled with the longer-term challenges given a changing climate (for example, sea level elevation for
coastal communities) represent one of the most important emerging environmental imperatives in many communities
around the world.

10. Energy

Energy supplies and pricing in the long term could be one of the defining characteristics of how the U.S. transportation
system is managed and used. Moving toward energy independence will require a concerted effort over many decades in
both developing and implementing new technologies to transform the U.S. transportation system. With the discovery
of new sources of petroleum in the United States, it is not clear whether future prices will increase (in relative terms),
fluctuate as they have in the past, or remain at low levels due to overproduction. Given that the transportation system
is one of the highest consumers of petroleum-based fuels, the price of fuel, and/or the substitution of petroleum-based
fuels with alternative fuels, could be one of the most important factors influencing future transportation demand and
travel behavior.

Many issues unforeseen today could also become critical considerations for transportation planning in the years ahead.
No matter what form these issues take, this handbook’s basic approach is that the planning framework shown in
Figure 1-1 can be used to provide the best possible approach to problem solving.

V. ADDITIONAL SOURCES OF INFORMATION

Many different organizations provide information on transportation planning and on the various aspects of how
transportation affects a community. Every state DOT and MPO has information on their respective websites relating
to the issues facing the state or metropolitan area. Federal agencies such as the U.S. DOT, FHWA, Federal Transit
Administration (FTA), and Environmental Protection Agency (EPA) also produce technical guidance and reports
on transportation planning topics. For example, one of the most recent reports from the U.S. DOT, Beyond Traffic,
provides an excellent background on the trends that are likely to affect the future of transportation. [U.S. DOT, 2015]

Among professional organizations, the American Association of State Highway and Transportation Officials
(AASHTO), the American Planning Association (APA), the Association of Metropolitan Planning Organizations
(AMPO), the National Association of Regional Councils (NARC), and the Institute of Transportation Engineers
(ITE) provide books and reports on different aspects of transportation planning.

The Transportation Research Board (TRB) is one of the major sources of information on the latest concepts
and approaches used by transportation planners. The TRB Journal of the Transportation Research Board annually
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publishes articles on a wide-ranging set of topics as well as research reports from the National Cooperative Highway
Research Program (NCHRP), Transit Cooperative Research Program (TCRP), National Cooperative Freight
Research Program (NCFRP), and the Strategic Highway Research Program 2 (SHRP 2). For example, NCHRP
recently published a series of future-looking reports focusing on the following topics that are highly relevant to
transportation planning:

¢ Freight: Economic Changes Driving Future Freight Transportation

¢ Climate Change: Climate Change and the Highway System: Impacts and Adaptation Approaches
¢ Technology: Expediting Future Technologies for Enhancing Transportation System Performance
¢ Sustainability: Sustainability as an Organizing Principle for Transportation Agencies

* Energy: Preparing State Transportation Agencies for an Uncertain Energy Future

¢ Socio-Demographics: The Effects of Socio-Demographics on Future Travel Demand
Interested readers are referred to: http://www.trb.org/NCHRP750/ForesightReport750SeriesReports.aspx.

SHRP also produced a useful web tool called PlanWorks, which allows planners to identify different components of the
transportation planning process to obtain information on the data and tools that are available (see https://thwaapps

.fhwa.dot.gov/planworks/DecisionGuide).

It is also not unusual for nonprofit organizations to produce technical guides and information reports on targeted
topics, such as pedestrian and bicyclist planning, transit planning, and public participation.

The reader is encouraged to search these and other sources for the latest information on transportation planning.

VI. SUMMARY

The rest of this handbook describes key components of the transportation planning process and presents tools that
transportation planners can use to provide information for those who make decisions. Any transportation planning
process consists of multiple steps, with the scope and scale of each step depending on the context of a planning study.
Planning begins with “understanding the problems,” which could include nothing more than an analysis of the latest
data (for example, crash statistics) to a much more involved public participation process that provides planners with a
range of input on the challenges facing a study area. The next steps in the process include identifying goals, objectives,
and performance measures. This step is critical for defining the criteria to be used later to assess the relative effectiveness
of different alternatives and thus in identifying the types of tools and data to be used during the analysis. The following
analysis step consists of the data, analysis tools, and models used to identify the likely impacts or consequences of
implementing different strategies or actions. This is the step that has received most attention through the decades in
terms of model enhancements and improved data collection techniques.

The next step, evaluation, is perhaps most closely linked to the major purpose of planning, that is, to provide informa-
tion to those making decisions. Evaluation takes the information from the analysis step and determines the trade-offs
associated with pursuing one alternative versus another. This usually involves extensive public engagement as well
as the application of methodologies, such as benefit/cost analysis, that allow the planner to assess the relative merits
of alternatives. The results of evaluation then feed into a plan (in a more formal planning process) or in reality can
lead to a range of actions ... additional studies, investment strategies, enforcement/education efforts, and so on. In
the United States, a formal plan is required for every urbanized area over a 50,000 population. In addition, a trans-
portation improvement program (TIP) is required that lays out the project priorities and agency responsibilities for
delivering the capital program. Over time, the impact of these new investments on the performance of the transporta-
tion system are reflected in the ongoing monitoring program and then fed back into performance measures ... and
the planning process begins again.

The transportation planning process lays the foundation for the decisions to improve the transportation system.
Accordingly, it is important that transportation professionals understand the key components of the process, and
are familiar with the analysis and evaluation approaches that are typically used as part of this process. The following
chapters provide such an understanding.
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Chapter 2

Travel Characteristics and Data’

. INTRODUCTION

nderstanding how and why travel occurs is one of the most important tasks of transportation planning.

Every planning study begins with a review of the data available on the use and performance of the cur-

rent transportation system. Not only are such data critical for identifying where problems exist today or
will likely exist in the future, these data are also often used to develop analysis tools and models that predict future
trip-making patterns and behavior. Performance and condition characteristics of an urban area’s transportation sys-
tem also serve as criteria for evaluating the relative effectiveness of investment options. For example, defining and
identifying congested road segments not only pinpoints locations where improvements are needed, but also the
impact of these strategies on congestion becomes an important measure for determining which set of strategies
will be most cost-effective in other locations. Given the importance of data to the planning process, it is not sur-
prising that many transportation planning studies spend a considerable amount of the budget on data collection
and analysis.

The type of transportation system information important for transportation planning varies according to the overall
goals of the transportation decision-making process. For example, the owners of transportation infrastructure might
be concerned about the physical condition of roads and bridges and spend considerable time monitoring asset con-
dition (see chapter 8 on asset management). Those interested in operating transportation systems might focus on
characteristics of system use, such as average delay, safety, travel reliability, measures of throughput, and bottleneck
locations. Planning agencies concerned about the system’s future ability to handle demands might be most interested
in measures of capacity as well as operating characteristics.

It is beyond the scope of this chapter to describe all of the possible measures of system condition and performance and,
therefore, the data and information produced by the planning process. Interested readers are referred to the biennial
report to Congress prepared by the Federal Highway Administration (FHWA) on highway and transit condition and
performance for a comprehensive examination of a range of system performance and condition measures (FHWA,
2013a). Subsequent chapters in this handbook discuss in greater detail the system performance measures that are
most useful for particular planning issues. This chapter focuses on the most common data and information used in
transportation planning.

Il. TRANSPORTATION SYSTEM CHARACTERISTICS

Several characteristics of the transportation system are measured and used in almost every transportation plannin

Y y &
process. This section discusses five of these characteristics: functional classification, system extent, system usage, system
performance/capacity, and system condition.

A. Functional Classification

Transportation system data are categorized in a variety of ways to allow transportation professionals to under-
stand the performance of different components of the system for which they are responsible. System-level
measures, such as crash rates, pavement condition levels and average travel time, provide a broad overview of how
the system is performing, and provide a context for strategic decisions about where additional investment at the

'The original chapter in Volume 3 of this handbook was written by Marsha D. Anderson Bomar, Stantec, Inc. Changes made to this updated chapter are solely
the responsibility of the editor.

Transportation Planning Handbook: Institute of Transportation Engineers, Fourth Edition, Michael D. Meyer
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program level might be necessary. A more detailed Figure 2-1. Relationship Between Road Classification
examination of the data, however, could be useful in  and Road Function

understanding where problems exist and what types of
strategies might be appropriate. For example, crash rates
and the types of crashes occurring on interstate high-
ways are very different from those occurring on rural
two-lane highways. Performance characteristics for bus
services are very different from those for rail lines.
To provide more useful information about transporta-
tion system performance, transportation engineers and
planners categorize data using different classification Land Access
schemes.

Arterials

Mobility

Collectors

A basic characterization of the road network used in many
parts of the world is to describe different road segments
by the function they serve in the network. Roads that are
high on the functional classification scale provide mobility,
while roads with lower classifications serve an accessibility
role (see Figure 2-1). Typical road functional classifications
include:

Locals

Proportion of Service

Source: Federal Highway Administration, Our Nation's High-
ways 2011 heep:/ [www.thwa.dot.gov/policyinformation/pubs/
hf/pl11028/0nh2011.pdf

Interstates are highest level of arterials with the longest uninterrupted distances and the highest speeds.

Other Arterials include other forms of limited access roads as well as connections to major urbanized areas and
tie the national defense system (the interstates) to the cities and industrial centers.

Collectors involve both land access and traffic circulation. They link local roads to arterials and are generally
lower-speed facilities.

Local Roads primarily serve the adjacent land use with access to higher-order roads.

In 2013, there were just over 4 million miles of road in the United States. [BTS, 2015] The availability and use of
these roads are shown by functional class in Table 2-1. As can be seen, the higher classified roads, that is, the interstates
and arterials, constitute 11.2 percent of the nation’s road mileage, but 71.9 percent of the vehicle miles traveled (out
of a total 2.97 trillion miles).

It should be noted that this traditional way of classifying the role of transportation facilities has been criticized because
of its focus on the role of individual facilities in the transportation system, rather than the role they play in the
surrounding community. This concept has also been found in design approaches called context-sensitive solutions (CSS)
and Complete Streets, which encourage road designs that better “fit” into the community and natural environment.
Chapter 3 on land use and urban design and chapter 9 on road and highway planning discuss both concepts in more
detail.

B. System Extent

The extent of a transportation system relates to the size or number of assets that compose that system. For example,
a state or metropolitan area might have x miles of interstate highways, y number of transit vehicles, and z number of
airports. This information, which is often incorporated into an inventory database, is used to compare one system to
another and to calculate productivity factors for agency operations (such as dollars expended per lane-mile of major
arterial road or per bus seat-mile). The inventory is also used to define ownership of the different transportation assets.
Table 2-2 shows the extent of the U.S. transportation system.

Statistics on the extent of state road networks can be found in the Federal Highway Administration’s (FHWA) Highway
Statistics series. Similar types of information for transit systems can be found in the Federal Transit Administration’s
(FTA) National Transit Database (NTD). Other statistics on the U.S. transportation system can be found at the
Bureau of Transportation Statistics (BTS) website, www.bts.gov, and in Canada at the website for Statistics Canada,
http://www5.statcan.gc.ca/subject-sujet/theme-theme.action?pid=4006&lang=eng&more=0.
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Table 2-1. Percentage of Highway Miles, Bridges, and Vehicle Miles Traveled by

Functional System, United States, 2013 (2015 for Bridges)

Functional System Miles | Vehicle Miles Traveled | Bridges
Rural Areas
Interstate 0.7% 7.8% 4.1%
Other freeway and expressway 0.1 0.7 NA?
Other principal arterial 2.2 6.5 6.0
Minor arterial 3.2 4.8 6.2
Major collector 10.1 5.6 15.1
Minor collector 6.4 1.8 7.8
Local 48.7 4.3 33.2
| SubrowlRural [ 714 [ 315 | 724 |
Urban Areas
Interstate 0.4% 16.9% 5.2%
Other freeway and expressway 0.3 7.5 3.4
Other principal arterial 1.6 15.5 4.8
Minor arterial 2.7 12.8 5.0
Major collector 2.9 6.1 3.7
Minor collector 0.1 0.2 NA®?
Local 20.6 9.5 5.5
Total 100.0 100.0 100.0

*Bridges on rural other freeway and expressway included under rural other principal
arterial; bridges on urban minor collector included under urban major collector

Source: FHWA, 2015

Table 2-2. Extent of the U.S. Transportation System

Mode Components
Highway

Public road miles (as of 2013) 4,115,462
Public road lane—miles (as of 2013) 8,656,070
Bridges (as of 2014) 610,749
Air (as of 2014)

Total number of airports 19,299
General aviation airports 18,762
Rail (as of 2014)

Class I freight railroad track miles* 95,235
Amtrak (passenger) track miles? 21,356
Public transit (as of 2013)

Commuter rail track miles 7,731
Heavy rail track miles 1,622
Light rail track miles 1,836
Water (as of 2013)

Miles of navigable waterways | 25,000
Pipeline

Miles of gas pipeline 2,149,299
Miles of oil pipeline 19,417
Trade Gateways

Number of gateways handling $50 billion or more of international trade 21

*Includes 561 miles of the U.S. Class I freight railroad system owned by Canadian railroads.

bApproximately 97 percent of the trackage on which Amtrak operates is owned by other railroads.

“Includes directional route-miles on exclusive right-of-way, controlled right-of-way, and mixed traffic.

Source: Bureau of Transportation Statistics. 2015b.
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Figure 2-2. Highway Travel in the United States, 1990-2015
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C. System Use

An important indicator of the value of a transportation system is how much it is used. Existing usage is also the baseline
for predicting future system use. Thus, transportation planners spend considerable effort in determining the current
travel volumes on transportation systems. Such use is particularly impressive for the U.S. road network. In 2013 an
estimated 2.9 trillion vehicle-miles were traveled on the U.S. road network. [BTS, 2015a] This was an approximate
38 percent increase from the level estimated in 1990. The data show that urban vehicle-miles traveled (VMT) outpaced
those for rural highways, which is a result of both the substantial growth in urban population during this time period
and the redesignation of urban area boundaries to place more road mileage within urban areas. However, since the
early 2000s, the national VMT has declined and stabilized, as shown in Figure 2-2. The reasons for this include the
dampening effect on travel of a national economic recession, more efficient travel patterns, and more urban travelers

who use either other modes or have shorter trips. For a good discussion of the impact of an economic recession on
travel, see [BTS, 2015b].

With regard to passenger trips, over 4.9 trillion passenger-miles (a person traveling one mile on a mode of transporta-
tion) occurred in 2013 on the U.S. transportation network: 4 billion by cars and trucks, 590 billion via airplane, 56.5
billion via passenger transit and intercity bus systems and 7.3 billion on Amtrak ( the U.S. national rail service). [BTS,
2015b] Approximately 5.9 trillion ton-miles of freight (one ton moving one mile) moved on the U.S. freight system
in 2011, with 2.6 trillion moving by truck, 1.7 trillion
by rail, 1 trillion by pipeline, 500 billion by domestic
water transportation, and 12 billion ton-miles by aviation.

Figure 2-3. Unlinked Passenger Transit Trips, United
[BTS, 2015b) J g P

States, 1970-2012

Figure 2-3 shows the number of unlinked transit trips in e

the United States from 1970 to 2012. (Unlinked trips are
individual trips on a trip segment. For example, a bus
trip that transfers to another bus or a rail trip would be
two unlinked trips). As seen in this figure, beginning in
the mid-1990s, transit ridership in the United States has
begun to increase after years of declining or relatively flat
growth. From 1995 to 2009, the percent of U.S. daily trips
occurring on bus transit rose from 3.0 percent to 3.3 per-

2

Billions of Unlinked Passenger Trips

cent, with rail staying at 0.6 percent (motor vehicle trips e
accounted for 83.4 percent of daily travel). [BTS, 2015]

With respect to walking and bicycling, the percent of U.S. .
daily travel for these modes rose from 5.5 percent in 1995 0 | | | |

to 10.4 percent in 2009 for walking and from 0.9 percent 1970 1980 1990 2000 2010
to 1.0 percent for bicycling over the same time period. Source: BTS, 2015
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The percent of daily travel by mode will vary by trip purpose and
by time of day. Figure 2-4 shows the U.S. mode share for com-
mute trips in 2013. As can be seen, the mode share percentages
for the commute trip are different than that described above for

all trips taken during the day.

D. System Performance

Transportation system performance is one of the most visible
and important transportation system characteristics to local
decision makers and the general public. Traffic congestion
and traffic delays have engaged—and will likely continue to
involve—transportation planners and engineers in discussions
and debates about how transportation problems can be solved.
Several characteristics of system performance, including mobil-
ity and accessibility, are key decision criteria and are evaluated
and monitored by transportation agencies.

1. Mobility

Mobility reflects those travel conditions associated with the
ability to travel, such as average speed, delay, congestion lev-
els, and the availability of modal options. Mobility is provided
by multiple modes, including many trips that require the use of
more than one. For example, driving a car to a work place or
school usually includes a walk trip at either end. Many tran-
sit trips also include not only walk trips but often transfers
to other transit modes. Mobility is thus inherently a part of

Figure 2-4. Commute Mode Share, United
States, 2013

Walk Other?

o Bike
Work at (3%) (1%)
home
(4%)

Transit
(5%)

Carpool
(9%)

Drive alone
(76%)

2 Includes motorcycle, taxi, and other means

Notes: Percents do not add up to 100 due to rounding.
The American Community Survey asks for the mode
usually used by the respondents to get to work.

For more than one mode of transportation, respondents
select the mode used for most of the distance.

Source: U.S. Department of Commerce, U.S.
Census Bureau, American Community Survey,
1-Year Estimates, available at www.census.gov/acs as

of September 2014.

a multimodal measure of system performance. However, there

are very few instances in practice where multimodal measures of mobility have been developed; instead, measures of
the individual modal components of a trip are usually reported by planners, for example, levels of congestion on the
road network or transit line. The following sections discuss system performance from a modal perspective. The reader
should be aware, however, that a true measure of system performance should include the performance contribution
from multiple modes.

Road Mobility. The Texas A&M Transportation Institute (TTI) and INRIX produce information biennially on
levels of congestion on the U.S. road system. An interesting aspect of the Urban Mobility Report is that it represents a
combination of data sources, including INRIX data, which are collected via global positioning system (GPS) probe
vehicles. As noted in the preface to the report, this represents, “hundreds
of speed data points on almost every mile of major road in urban America
for almost every 15-minute period of the average day of the week. For the
congestion analyst, this means 900 million speeds on 1.3 million miles of ~ 2014
U.S. streets and highways.”

Figure 2-5. Vehicle Travel in Con-
gestion Conditions, United States,

Figure 2-5 shows data from the Institute’s Urban Mobility Report 2015. 3=\ -9 Uncongested
[Schrank et al., 2015] According to the report, “average daily percent of 14% 18%
vehicle miles traveled (VMT) under congested conditions” is an indicator
of the portion of daily traffic on freeways and other principal arterials in
an urbanized area that moves at less than free-flow speeds. As shown in the
figure, approximately 40 percent of urban travel in the United States in
2014 occurred in extreme, severe, or heavy congested conditions.

Figure 2-6 shows that the change in the hours of delay per automobile
commuter has varied by urbanized area size. In areas with over one million
persons, 2014 auto commuters experienced an average of 63 hours of extra
travel time, a road network that was congested for 6 hours of the average
weekday, and experienced an average congestion “cost” of $1,440 (primar-
ily the value of time lost). Even in small and medium-sized urbanized areas,

Moderate
20%

Source: Schrank et al., 2015, Repro-
duced with permission of the Texas
A&M Transportation Institute.
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the hours of delay have increased (small urbanized ~Figure 2-6. U.S. Congestion Conditions by Year, by Metro-
areas are those with a population less than 500,000; politan Area Size

medium areas have a population between 500,000 and 70
999,999; large areas have a population between 1 and H 1982 MW2000 2010 M 2014
3 million; and very large areas have above 3 million 60
in population). Of course, individual urbanized areas
will experience different trends. It is interesting to note

that while the hours of delay per automobile com- 40
muter increased from 18 to 37 hours between 1982 to
2000, the period from 2000 to 2014 saw this average
stabilizing between 40 and 42 hours, primarily due to 29
the impact of an economic recession. [Schrank et al.,

30

2015, Exhibit 2] The cost of congestion, estimated as 10

part of the TTI Urban Mobility report, consists pri-

marily of travel time delays, crashes, and fuel. This Small Medium Large Very Large

estimated cost rose from a national total of $24.4 bil- Population Group

lion in 1982 to $160 billion in 2014 (in $2014). Small = less than 500,000 Large = 1 million to 3 million
Medium = 500,000 to 1 million Very Large = more than 3 million

The Urban Mobility Report also measures the Travel
Time Index (TTI), a common metric for congested
networks used in many planning studies, especially
in larger urban areas. The TTT is the ratio of existing
motor vehicle trip travel time to the travel time under free-flow conditions. Thus, a TTT value of 1.18 means that
travelers take 18 percent (1.18-1.00) more time to travel than a similar trip with no delays. The national TTT value
has increased from 1.07 in 1982 to 1.22 in 2014. Not surprisingly, TTI values in 2014 varied by urban area size:
very large urban areas (15 total), 1.32; large urban areas (31 total), 1.23; 33 medium urban areas, 1.18; and small
urban areas (22 total), 1.14. [Schrank et al., 2015]

Source: Schrank et al., 2015, Reproduced with permission of the
Texas A&M Transportation Institute.

Although travel time has historically been the measure of most interest to transportation planners and system operators,
there has been a recent shift in interest from absolute travel time toward travel time reliability. The 2015 Urban
Mobility Report reported on a measure of reliability called the Planning Time Index (PTI). The PTT is “based on the
idea that travelers would want to be on time for an important trip 19 out of 20 times; so one would be late only
one day per month (on time for 19 out of 20 work days each month).” [Schrank et al., 2015] A PTT value of 3.00
indicates that a traveler should allow 60 minutes to make an important trip that takes 20 minutes in uncongested
traffic (3 X 20). In essence, the 19th worst commute is affected by crashes, weather, special events, and other causes
of unreliable travel and can be improved by a range of transportation improvement strategies. Similar to the TTT, the
values of PTT vary by size of urban area. Very large urban area freeways had an average PTT value of 3.06 (top three
areas were Los Angeles 3.75; Washington, D.C. 3.48; and Seattle 3.41); large urban area freeways had an average
of 2.46 (top three areas were Portland, Oregon, 3.27; San Jose, California, 3.24; and Riverside/San Bernardino,
California, 3.21); medium-sized urban area freeways had an average of 2.08 (top three areas were New Orleans,
3.46; Bridgeport/Stamford, Connecticut, 3.32; and Baton Rouge, Louisiana, 2.80); and small urban area freeways
had an average of 1.76 (top three areas were Boulder, Colorado, 2.48; Stockton, California, 2.27; and Anchorage,
Alaska, 2.26).

A recent study forecasts congestion and associated costs for individual households and national economies in the

United States, United Kingdom, France, and Germany. The forecasts were based on forecasted levels of urbanization
and increased GDP per capita from 2013 to 2030. [INRIX, 2015] The study concluded:

e 'The combined annual cost of congestion in these countries is expected to increase to $293.1 billion by 2030,
an estimated 50 percent increase from 2013.

e 'The cumulative cost of congestion for the countries combined is estimated to be $4.4 trillion.

e 'The overall economic impact is greatest in the United States where the estimated cumulative cost of trafhic
congestion by 2030 is $2.8 trillion.

¢ The UK (at 66 percent) and London (at 71 percent) will see the greatest annual rise in the cost of congestion
by 2030, mainly as a result of seeing the highest increase in urbanization.
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o Traffic congestion costs drivers $1,740 in 2014 on average across the four countries. This number is expected
to grow more than 60 percent to $2,902 annually by 2030.

Transit Mobility. Data relating to transit system performance in the United States are collected by transit agencies
and reported to the National Transit Database (NTD), which is managed by the U.S. Federal Transit Administration
(FTA). Average transit vehicle operating speed, an approximate measure of the speed experienced by transit riders,
varies by transit mode. In 2010, the average operating speed for heavy rail was 20.2 mph (32.5 kph); for light rail,
15.0 mph (24.1 kph); and for bus, 12.5 mph (20.1 kph). [FHWA, 2013] According to the 2009 National Household
Travel Survey (NHTYS), 49 percent of all passengers who ride transit wait for 5 minutes or less for a vehicle to arrive,
and 75 percent wait 10 minutes or less.

In Canada, the average transit commute travel time by public transit is 44 minutes, varying from 39 minutes in
Montreal to 49 minutes in Toronto. Not surprisingly, commute times for public transit for commute trips varies
significantly by the residential density of the workers” home neighborhood. ... 51 minutes for the lowest residential
density to 36 minutes for the highest residential density. [Turcotte, 2011]

More meaningful transit performance data is collected by transit agencies so as to provide the best service to their
customers. For example, on-time performance is a widely used metric that provides customers with a sense of service
reliability. Other measures such as dollar expended per revenue mile, farebox recovery, and percent of the population
within 1/ mile of transit service are used to provide a broader perspective on the effectiveness of the transit system
overall. Additional information on transit system performance is provided in chapter 12 on transit planning.

2. Accessibility

Whereas mobility performance reflects the ease with which travelers can make a trip, accessibility relates to a traveler’s
ability to reach a destination, and includes such measures as percent of employment within a certain distance of a
transit station. In broad terms, mobility is more directly influenced by physical characteristics of the infrastructure
and operating characteristics of the system. For example, an interstate highway may provide great mobility, but limited
accessibility to adjacent land uses, while a driveway to an office building provides excellent accessibility to that facility,
but limited mobility. Accessibility is a function of how a transportation network is structured, but it also depends on
land use patterns, available modes, and geographic area. When land is developed with greater density and multiple land
uses are clustered together, accessibility to goods and services may be enhanced. In a suburban setting, a combination
of walking, driving, riding transit, and using parking facilities may be needed to accomplish a set of tasks or errands.
In a dense urban environment with mixed land uses clustered together, it might be possible to reach all of the desired
destinations by walking or riding a bus (see chapter 19 on site planning and trafhic impact analysis).

Moving people is an important goal of most transportation agencies. In an urban environment, however, restricting
access to individual properties may be necessary to allow for the smooth, uninterrupted flow of traffic on the adjacent
roads (called access management, see chapters 3 and 19). Accessibility determines the adequacy of the transportation
system and the value to related activities, such as commerce, employment, recreation, and overall quality of life.
A balance between mobility and accessibility is often necessary to achieve community goals.

3. Safery

Transportation safety is often identified as the most important goal of transportation agencies. Therefore, it is moni-
tored by agencies at the national, state/provincial, and local levels. Four important measures are often used to monitor
the trends in transportation safety: number of fatalities, number of injuries, fatalities per100 million vehicle miles
traveled (MVMT), and injuries per 100 million vehicle miles traveled. The latter two are called fatality and injury
rates, and reflect the amount of exposure travelers will have to the transportation system itself. Note that in some
cases, the measures could lead to different conclusions. For example, the number of fatal crashes might increase over
a particular time period, but because the number of vehicle miles traveled increased at a proportionately higher per-
centage, the fatality rate might decrease. So, one indicator suggests that the safety problem has become worse, and the
other shows improvement.

Table 2-3 shows the change in crash and injury statistics in the United States from 2002 to 2013. As shown, the trend
in every category (except in public transit, motorcyclists, and pedacyclists) has been to fewer fatalities. With respect
to injuries, the largest increases have occurred for motorcyclists and transit rail (most likely because of the opening of
new services).
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Table 2-3. Transportation Fatalities and Injuries, United States, 2002 and 2013

2002 2013
Mode Fatalities Injuries Fatalities Injuries
Aviation 616 337 429 250
Highway 43,005 | 2,925,758 | 32,719 | 2,313,000
Car occupants 20,569 1,804,788 11,977 1,296,000
Motorcyclists 3,270 64,713 4,668 88,000
Light truck occupants 12,274 879,338 9,155 750, 000
Heavy truck occupants 689 26,242 691 24,000
Bus occupants 45 18,819 48 13,000
Pedestrians 4,851 70, 664 4,735 66,000
Pedacyclists 665 48,011 743 48,000
Other 642 13,182 702 16,000
Rail Crashes With Cars
Highway/road crossings 357 999 231 972
Transit (as of 2012)
Bus 78 11,995 97 11,872
Light rail 13 557 45 888
Heavy rail 73 4,806 102 7,212
Commuter rail 116 1,483 112 1,575
Water 863 4,856 642 3,432

Source: BTS, 2015b

Road Safety. As noted earlier, there is a difference between fatalities and injuries and fatality and injury rates. Just
as the number of fatalities and injuries has declined over the past 10 years, so too has the fatality rate. In 1995, the
fatality rate per 100 million VMT was 1.73, which dropped to 1.09 in 2013. [Insurance Institute for Highway Safety,
2015] This decrease in rate was due to an increase in VMT as well as an increase in seatbelt use and vehicle safety
improvements. Fatality rates are generally lower in urban areas than rural areas and for higher functional systems than
lower functional systems. For example in 2010, the fatality rate per 100 million vehicle miles traveled was 2.5 times
higher in rural areas than in urban areas (1.83 and 0.73, respectively).

Chapter 23 on safety provides more information on the current performance of the transportation system. From a
planning perspective, it is important to note where crashes occur (for example, approximately 40 percent of the total
number of crashes in any given year occur at intersections), who is involved in crashes (for example, males aged 20-24
and 85 and older had the highest rates of crash deaths), and the cause of crashes (for example, speeding has been a
factor in about 30 percent of crash deaths since 2004).

Good sources for transportation safety statistics include:

e Insurance Institute for Highway Safety (http://www.iihs.org/iihs/topics/t/general-statistics/fatalityfacts/
overview-of-fatality-facts/2013#Trends).

 National Highway Traffic Safety Administration (http://www.nhtsa.gov/NCSA).

o U.S. Census (http://www.census.gov/compendia/statab/cats/transportation/motor_vehicle_accidents_and_
fatalities.html).

Transit Safety. For transit systems, the number of fatalities increased from 280 in 2002 to 356 in 2012, and fell from
0.66 per 100 million person-miles traveled (PMT) in 2002 to 0.54 per 100 million PMT in 2012. Fatalities, weighted
by PMT, are lowest for motorbuses and heavy rail systems. Fatality rates for commuter and light rail are, on average,
higher than fatality rates for heavy rail, most likely because of the at-grade road crossings that often characterize these
services. Incidents (safety and security combined) and injuries per 100 million PMT declined for all transit modes
from 2002 to 2012. Incidents and injuries, when weighted by PMT, are consistently lowest for commuter rail and
highest for demand-responsive systems.
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Other Countries. Countries with different legal requirements and enforcement strategies have a very different safety
record than the United States. Countries like Australia, Denmark, England, and Sweden have applied very aggressive
enforcement strategies and as a result have reduced their fatality levels by more than 50 percent. In contrast, many
developing countries experience skyrocketing fatality rates as automobile ownership increases dramatically and as
motor vehicle—based mobility has replaced slower modes of transportation. See chapter 23 for further discussion on
transportation safety.

4. System Condition

A deteriorating physical condition of transportation system assets is one of the significant challenges facing trans-
portation systems in many countries. In many developed countries, for example, much of the highway and transit
infrastructure was built 40 to 50 years ago and is nearing the end of its useful life. Most of the transportation plans in
U.S. metropolitan areas have the majority of investment targeted at preserving infrastructure. Data on the condition
of transportation infrastructure are critical for identifying investment priorities, such as needs related to deteriorating
pavement and bridge conditions (see chapter 9 on road and highway planning).

Figure 2-7 shows the percentage of VMT  Figure 2-7. Pavement Condition on the National Highway System,
on the National Highway System (higher United States, 2002-2010

functionally classified roads) by pavement 9% 7% 7%

rated as “good,” “acceptable,” and “nor NN NS WEEN | notacceptable  IRI> 170
acceptable” from 2002 to 2010. As seen,

the percent of VMT with “good” ride 41% 36% 33% Acceptable IRI 95 — 170
quality increased between 2002 and 2010,
primarily because of improved pavements . Good IRl > 95
on rural interstates. For urban areas, the
percent of “good” ride quality road miles
declined, in this case primarily because
of deteriorating pavement conditions on
lower functionally classified roads. When
weighted by VMT, the percentage of roads
with “good” ride quality increased in both 2002 2006 2010
urban and rural areas, again because of Source: FHWA, 2013a
pavement improvements in the higher

functionally classified roads that carry more

trafhic.

Figure 2-8 shows the change in structurally
deficient bridges in the United States between
1990 and 2013. The bridge assessment pro-
cess (that is, identifying those bridges that
are structurally deficient and/or functionally
obsolete) is based on load-carrying capacity,
deck geometry, clearances, waterway adequacy,
and approach roadway alignment. As noted 190
by FHWA, “structural assessments” together
with ratings of the physical condition of
key bridge components determine whether
a bridge should be classified as “structurally
deficient.” Functional adequacy is assessed by
comparing the existing geometric configura-
tions and design load-carrying capacities to
current standards and demands. Disparities 40
between the actual and preferred configura-

tions are used to determine whether a bridge

should be classified as “functionally obsolete” 0 oLy
(see chapter 9 on road and highway planning). 1990 1992 1994 1996 1990 2000 2002 2004 2006 2008 2010 2012
[FHWA, 2013a] Source: FHWA, 2013a

Figure 2-8. Structurally Deficient Bridges, United States, 1990-2013
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With respect to transit, according to the U. S. DOT’s 2013 Condition and Performance Report to Congress, the condition
of the nation’s urban bus fleet was at the bottom of the “adequate” rating in 2010, with an average vehicle age of 6.1
years. The average condition of rail vehicles was slightly better, but with an average age of 18.9 years. Of some concern,
close to 2,000 rail vehicles exceeded 35 years in age. The report also noted that 19 percent of train communications
systems, train control systems, and traction power systems were in “poor” condition, and 17 percent of rail guideway
elements (such as track) were in “poor” condition.

What this national data on highway and transit infrastructure and vehicle condition suggest is that there is a serious
national backlog in needed investments. As seen over the past 10 years in transportation plans and transportation
improvement programs, a large share of future investment dollars is going to be allocated simply to keep the existing
infrastructure in a state-of-good repair. This raises a serious question of where the dollars are going to come from to
invest in new projects (see chapter 5 on transportation finance and funding).

lll. URBAN TRAVEL CHARACTERISTICS

Urban travel and trip patterns are influenced by numerous factors. The most important patterns relate to the availabil-
ity and costs (real and perceived) of different modes of transportation. Thus, for example, if a traveler has an option
of reaching a destination by driving, taking a bus, or ridesharing, the decision of which to choose depends on that
traveler’s perception of how much time each will take, how much it costs, how comfortable and safe it is, and what
other activities the traveler might want to accomplish during the trip. The trip patterns resulting from the collective
trip-making decisions of an urban area’s population are also influenced by population demographics, land-use patterns
in the metropolitan area, and the travel options that are available for each type of land use.

Table 2-4 shows how some of the key factors that influence travel behavior have changed since 1969. Each of these
factors is an important predictor of some aspect of travel behavior. The following sections present data on these
and other characteristics of urban travel and the factors influencing it. It should be noted that much of this data
was obtained years ago; for example, much of the travel behavior data is collected by the decennial census, thus
reflecting travel behavior and transportation system performance and cost characteristics facing travelers at that point
in time. Alan Pisarski has developed a report over the past two decades entitled, Commuting in America, largely based
on an analysis of the latest Census information. This report series has become an important “big picture” study of
the factors that affect commuting in the United States—see http://traveltrends.transportation.org/Pages/default.aspx
for the most up-to-date information. Much of the information found in the following sections comes from this
document.

Although these data are important for understanding historic patterns in travel behavior, they should not necessarily
be viewed as a picture of what behavior might be today or certainly what future behavior might look like. Fuel
cost, for example, has been historically low in the United States, which has undoubtedly contributed to the high
automobile mode share seen in U.S. urban areas. If fuel costs were to increase significantly, it is likely that some travel
behavior would change, and if the cost of energy continued to stay high over the longer term, land-use patterns (and
the corresponding effect on travel) might also change. Economic conditions are another strong influence on travel
behavior—during economic recessions, traveling declines as more people are without jobs and fewer discretionary
trips are taken in order to minimize household costs.

Table 2-4. Change in Factors Influencing Vehicle Travel, United States, 1969-2009

1969 2009
Total number of drivers 100 million 200 million
Average vehicles per licensed driver 0.7 1.1
Average daily vehicle trips per driver 2.3 3.3
Average daily person miles per household 61.6 95.5
Average daily vehicle miles per household 34.0 58.1
Average houschold size 3.2 2.6
DPercent single-person households 13% 27%

Source: FHWA, 2013b
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A. Population Characteristics

Urban travel is heavily influenced by the demographic characteristics of the traveling population. Thus, not surprisingly,
transportation planning relies heavily on credible population and employment forecasts. Fifty years ago, the average
U.S. household consisted of two young to middle-aged, English-speaking parents, two children, a single wage earner,
and minimal disposable income. Today, U.S. households exhibit a range of characteristics, including single adults with
no children, many non-English-speaking adults, many older heads of household, and many two-career households
of younger adults with substantial disposable income. These characteristics strongly influence where people live, the
types of jobs they have, and how time is spent outside the household. All of these activities affect travel behavior.

In the United States and in many other countries, the census is a major source of data on population characteristics.
The U.S. Census Bureau provides numerous single-variable tables at different geographic levels, and as well provides
special tabulations of key variable relationships (see http://factfinder.census.gov). For many planning efforts, such
as establishing the relationships among the variables that influence travel decisions, the Bureau provides public use
microdata sample (PUMS) datasets. According to Tierney, PUMS is used by many state DOTs and MPOs for the

following reasons:

1) Developing cross-tabulations of variables not readily available from for other sources especially analyses that
examine population characteristics of special subpopulations (for example, members of ethnic groups, people
of certain ancestries, group quarters residents, or bicycle commuters).

2) Developing cross-tabulations of variables that might already be available to transportation planners, but can
now be done with more currency. PUMS data are available on an ongoing basis and thus the most recent
data can be used for cross tabulations.

3) Conducting disaggregate analyses at the household- or person-level to develop models relying on the inter-
relationships among household and person characteristics. PUMS allows the planner to identify variable
relationships at the housing unit and person level.

4) Comparing different jurisdictions and regions, PUMS provides common data sets for all regions of the
country, which thus allows consistent comparisons.

5) Comparing relationships over time—PUMS data can be used to track changes in housing and person char-
acteristics and changes in the interrelationships between these characteristics over time.

6) Validating other data sources—PUMS data can be used to check relationships based on other data sources,
such as travel surveys, demographic estimates, and modeling results. [Tierney, 2012]

The census is an important source of demographic and household data and thus transportation planners should be
familiar with how such data is accessed and utilized.

1. Population Growth

Estimating the number of people who will be living, shopping, or working in a study area, usually at some target year
(for example, 25 years from today), is often a starting point for many planning studies. The census in most countries
is an excellent source of socio-demographic statistics describing national, state, and metropolitan area trends (for the
United States, see www.census.gov).

At a national level, the U.S. population is expected to grow over the next 50 years. The current U.S. population
is just over 320 million (2015), with a growth of approximately 25 to 30 million each decade. Over the past
two decades, substantial immigration to the United States, which is expected to continue albeit at slower rates
than historically, has significantly increased the population beyond what would have occurred through natural
birth/death rates. Many of these immigrants are 25 to 45 years old and seek jobs, thus immediately becoming
part of the commute travel market. Although the U.S. population as a whole is increasing, some regions or
communities are expected to grow, while others are expected to lose population. Thus, it is important for every
transportation planning study to obtain the latest information on expected population growth or decline in the
study area.

The level of population growth is not the only population-related variable used by transportation planners. Another

important characteristic is the age distribution of this population. For example, between 2000 and 2010, those older
than 55 continuing to work grew by more than 60.8 percent, while the actual numbers of individuals over 55 grew
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by only 12 percent. This is an important phenomenon because the number of individuals 55 or older will be 28.7
percent of the population by 2020. The number of individuals in the labor force who are 65 years or older is expected
to grow 75 percent by 2020, while the number of individuals in the workforce who are 25 to 54 is only expected to
grow by 2 percent. In 2016, one-third of the total U.S. workforce is 50 years or older—a group that may number 115
million by 2020. The extent to which many in this age group continue to work will have important implications for
transportation.

2. Household Characteristics and Vebicle Availability

The household is an important variable in transportation planning because many modeling tools use household char-
acteristics to predict future travel. For example, households with different numbers of workers, automobiles, and/or
children will exhibit differences in daily travel behavior. Many data sources, such as those from the U.S. Census,
produce and report their information based on households.

As indicated in Table 2-4, the number of persons per household has declined dramatically since 1960, while at the
same time the number of households has greatly increased. The number of households has grown at twice the rate
of population during the past 40 years, with many of these households being single adults, single parents, elderly, or
young childless couples.

Figure 2-9 shows the relationship between households and automobile ownership; the largest shares of households
without cars are renters. Figure 2-9 suggests that the percentage of households having a set number of vehicles seems
to have stabilized with approximately 38 percent of the U.S. households having two cars, 35 percent having one, 17
percent having three or more, and 10 percent having no vehicles (New York City accounts for 20 percent of the U.S.
households without vehicles).

Figure 2-9. Percentage of Households by Number of Vehicles Owned,
United States, 1960 to 2010
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Source: AASHTO, 2013a, Reproduced with permission of AASHTO.

Figure 2-10 illustrates two characteristics of the U.S. population that have an important influence on mode choice.
First, the percentage of older Americans having a driver’s license has historically been much lower than that for those
younger. This, however, is likely to change over time as the younger drivers grow older. Second, most Americans in
the 16 to 50 age group have a driver’s license, although male drivers have a higher rate of licensure than females.

3. Spatial Distribution of Growth

More than 200 regions in the United States are classified as large metropolitan statistical areas (MSAs). These represent
the largest of the nation’s urban areas and have populations exceeding 250,000. From 2000 to 2010, the rate of growth
in MSAs was mostly in the double digits, with many areas experiencing growth exceeding 20 percent. Some achieved
growth rates in excess of 50 percent (see the U.S. Bureau of the Census website for current growth rate data for MSAs,
WWW.CENsus.gov).

One of the defining trends during the past 50 years in the United States and in many other countries has been
the rapid population and employment growth in the suburbs. Prior to 1960, the majority of the U.S. population
lived in nonmetropolitan areas with the suburbs of metropolitan areas having the smallest percentage of the popu-
lation. By 2000 this ratio was reversed, with approximately 50 percent of the U.S. population living in the suburbs.
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Figure 2-10. Persons Ages 16+ with Driver’s Licenses, United States
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Source: AASHTO, 2013a, Reproduced with permission of AASHTO.

1990 2000 2010
% of % of % of
Count | % of U.S. | Metro Count | % of U.S. | Metro Count | % of U.S. | Metro
(millions) Total Total | (millions) Total Total | (millions) Total Total
Total Population 248.7 - - 281.4 = - 308.7 - -
Living in Metro Areas 198.2 79.7% - 232.6 82.7% - 262.5 85.0% -
Living in Central 65.8 26.5% 33.2% 70.3 25.0% 30.2% 75.3 24.4% | 28.7%
Cities
Living in Other 12.9 5.2% 6.5% 23.6 8.4% 10.1% 24.1 7.8% 9.2%
Principal Cities
Living Outside 119.5 48.0% 60.3% 138.7 49.3% 59.6% 163.1 52.8% 62.1%
Principal Cities
(Suburbs)
Living Outside of 50.5 20.3% - 48.8 17.3% - 46.2 15.0% -
Metro Areas

Source: AASHTO, 2013b, Reproduced with permission of AASHTO.

Table 2-5 shows the trend in the United States from 1990 to 2010. In 2010, the percentage of the U.S. population
residing in MSAs increased to approximately 85 percent. What is interesting about this table is the growth in cen-
tral city population during this period (indicated in gray areas), although on a percentage of the region basis, the
proportion of central city population declined over the 20-year period. Some U.S. cities, such as Atlanta, Phoenix,
Denver, and Tampa, saw much greater migration to the central city from domestic origins than from immigrants.
In the Adanta metropolitan area, for example, the last 20 years have seen a movement of population back into
the central urban area. The increase in growth rates above might suggest that this is occurring in other parts of the
country as well.

One can also see from Table 2-5 the increase on a percentage basis (also shown in gray) of those living in the suburbs,
and a corresponding decline in the percentage of U.S. residents living outside metropolitan areas. Table 2-6 shows
that metropolitan and nonmetropolitan areas had different growth rates (or decline) in population between 2000 and

2010: [AASHTO, 2013b]

The growth in metropolitan areas exceeding 5 million population is slightly misleading, because only 8 million of
this population increase was actual new growth. The remaining 24 million in growth resulted from different U.S.
metropolitan areas being combined by the Census (such as Baltimore and Washington, DC), thus putting this com-
bined area into the 5 million population range. As 0of 2010, there were 8 metropolitan areas with populations exceeding
5 million and 52 metropolitan areas with populations over 1 million in the United States.
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Table 2-6. Metropolitan Area Growth Rates, by Size,
United States, 2000 to 2010

Metropolitan Area Population | Growth Rate

>5 million 26.6%

2.5 to 5 million 18.8

1 to 2.5 million 6.5

0.5 to 1 million 34.4

250,000 to 500,000 —18.8

100,000 to 250,000 -21.0

50,000 to 100,000 -10.0

All metropolitan areas 12.8

Nonmetropolitan areas -5.2
Source: AASHTO, 2013b, Reproduced with permis-
sion of AASHTO.

The implication of this population trend toward urban areas is that many of the future mobility and accessibility
challenges in the United States (and in other countries) will be primarily urban in nature.

B. Travel Characteristics

Whereas the previous sections focused on the characteristics of travelers, transportation planners also use data on the
trip itself, such as trip purpose, mode choice, time of travel, and so forth. This section discusses the trip characteristics
that are most important to the transportation planning process.

1. Trip Purpose

Travel demand is considered a derived demand, meaning that trips are taken to achieve some purpose at a destination.
For transportation analysis purposes, therefore, it is important to know why trips are being made. This is referred
to as #rip purpose. Although traditionally many transportation studies have focused on the commute or work trip, in
reality the greatest increase in trip-making during the past two decades has been for other trip purposes, especially in
family/personal business and social/recreational trips. Figure 2-11 shows the relative magnitude of commute travel as it
has changed over time. As shown, work travel has declined as a percentage of total travel as reflected in several different
performance measures. Figure 2-12 shows how the number of trips per day for different trip purposes has changed from
1977 to 2009. Note in Figure 2-12 that trip purpose has been aggregated to five major types—work, family/ personal
business, school/church, social/recreational, and other. In many transportation studies, additional trip purposes are
added to the study, depending on the types of trips that need to be examined (such as airport trips) and the availability
of data. As an example, the 2009 National Household Travel Survey listed 36 different trip purposes in its survey form.

Multipurpose single trips are another important phenomenon that has occurred with increasing frequency over the
past several decades. Known as #ip chaining, this travel characteristic presented challenges to transportation analysts
who had traditionally based trip modeling on a single-purpose trip. According to Pisarski [2006], the attributes of
trip chains include:

o Trips to work with stops are increasing, both in number of workers making stops and number of stops per
worker.

¢ DPersons with stops take longer in miles and minutes than they did in 1995 and are longer than those not
making any stops.

e People who make stops tend to be those that live a greater distance from work.

e Suburbanites make more stops than urban dwellers.

e Stops are increasing for men as well as for women.

¢ Women still make the greater number of stops in both work and home directions.

o The greater increase has been by men in the work-bound direction, often just for coffee.

¢ Use of nonvehicular and nonpersonal auto modes drops sharply for those making stops.
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Figure 2-11. Work Travel as a Percentage of Total Travel Using Key Travel
Measures, United States
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Figure 2-12. Change in Trip Purpose, United States, (Trips/Day), 1977-2009
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Another qualifier often attached to “trip purpose” is whether one end of the trip occurs at the traveler’s home. Thus,
transportation planners often use terms such as home-based work, home-based shopping, home-based other, and
non-home-based other to describe different types of trips made in a study area. Table 2-7 shows the percentage of
these different types of trip purposes found in travel surveys undertaken in the 1990s in the United States. Although
somewhat dated, the general percentages as shown for different trip types are similar to what is found today. (Note
that travel demand modeling is evolving to a new form called activity-based modeling that no longer relies on such a
distinction on individual trips. See chapter 6 on travel demand modeling.)

2. Travel Patterns

Transportation planners are very interested in travel patterns because to a large extent these patterns suggest what is
needed with respect to transportation infrastructure and services. Alternatively, transportation officials can influence
these patterns through public policies intended to affect land use and household/ employment location decisions.
Similar to the trend of increasing suburbanization of population and employment during the past 50 years, the greatest
growth in urban travel patterns has been in the suburb-to-suburb trip. Suburb-to-suburb commute travel accounts
for 46 percent of metropolitan commuting activity, with only 19 percent of the typical metropolitan area commuting
following the suburb-to-central city pattern. Commuting within the central city constitutes approximately 25 percent,
and the reverse commute—from central city to suburb—accounts for 9 percent. Not surprisingly given these trip
patterns, suburbs account for 53 million of the 107 million job destinations within U.S. metropolitan areas.
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Table 2-7. Trips by Trip Purpose, Selected U.S. Metropolitan Areas, Most Recent Survey

% Trips by Type Daily Trip Rate per Person Daily Trip Rate per Household
City HBW HBO NHB HBW HBO NHB HBW HBO NHB
Albuquerque, NM 17.7% | 53.9% | 28.4% 1.70 5.20 2.80
Amarillo, TX 18.1 49.5 32.4 0.72 1.93 1.26 1.86 5.00 3.26
Atlanta, GA 21.6 51.3 27.1 0.71 1.68 0.89 1.83 4.33 3.20
Baltimore, MD 22.1 50.3 27.6 0.62 1.42 0.78 1.69 3.84 2.10
Brownsville, TX 15.2 57.2 27.6 0.48 1.74 0.85 1.80 6.51 3.17
Cincinnati, OH 18.1 51.6 29.7
Dallas, TX 0.75 1.65 0.84 1.94 4.30 2.18
Eugene, OR 15.6 57.6 26.8 0.76 2.82 1.32 1.80 6.70 3.10
Ft. Collins, CO 13.0 60.0 27.0 0.55 2.55 1.15 1.39 6.40 2.88
Houston, TX 19.8 52.3 27.9 1.79 4.75 2.53
Las Vegas, NV 25.8 42.0 32.2 2.15 3.49 2.68
Los Angeles, CA 19.3 52.1 28.6 0.60 1.62 0.89 1.78 4.80 2.64
Madison, WI 19.6 36.6 19.0 0.75 1.40 0.73 1.91 3.57 1.85
Minn/St. Paul, MN 14.3 52.8 32.8 0.56 2.03 1.28 1.45 5.31 3.36
Phoenix, AZ 22.8 48.0 29.2 1.86 3.97 2.33
Reno, NV 28.1 40.8 31.1 0.89 1.29 0.98 2.15 3.12 2.37
San Antonio, TX 26.9 41.9 31.2 0.67 1.66 0.91 1.95 4.81 2.63
San Diego, CA 1.20 2.40
San Francisco, CA 25.2 46.4 28.4 0.76 1.39 0.85 2.03 3.73 2.29
Seattle, WA 22.9 443 32.8 0.94 1.81 1.34 1.99 3.85 2.85
St. Louis, MO 0.64 1.73 1.04 1.70 4.58 2.77
Tucson, AZ 17.6 56.5 25.9 0.60 1.94 0.89 1.53 4.92 2.25
Wilmington, DE 32.1 49.6 18.3 0.71 1.11 0.39 1.82 2.89 1.02

HBW = Home-based work; HBO = Home-based other; NHB = Non-home-based

Source: Reno, Kuzmyak and Douglas, 2002. Reproduced with permission of the Transportation Research Board.

The percentage of the commute trips destined outside of the worker’s home county is another characteristic of the
growing trend in inter-suburban trips (note that this statistic will vary in different parts of the United States due to the
size of counties). During 2006 to 2010, more than a quarter (27.4 percent) of U.S. workers traveled outside of their
home county for the work trip. [McKenzie, 2013] In comparison, in 1960, approximately 15 percent of commuting
included a work destination outside of the worker’s resident county. Between 1990 and 2000, 51 percent of the new
workers added to metropolitan areas worked outside of their home county. This longer distance travel has resulted in
an increasing average commute trip length.

Average commute travel time has also increased due to longer trip distances and, more importantly, to the level of
congestion faced during the trip. In the United States, the average commute travel time in 2011 was 38.0 minutes
(measured over 498 urbanized areas), with 47 percent of workers traveling less than 20 minutes and 8 percent traveling
more than 60 minutes. With longer trip distances and longer travel times, it is not surprising that average speed has
declined as well (see Figure 2-13).

3. Temporal Distribution

The time of day when trips occur is another important characteristic of urban travel patterns, one that leads to system
congestion when many of these trips occur in the same time periods. In most cases, system capacity is available to
handle daily trips; if trips were spread evenly over the 12 hours of daytime, there would be no traffic congestion.
However, the trip peaking phenomenon reflects individual travelers’ combined desires of being places more or less at
the same time. Figure 2-14 shows data from the 2009 National Household Travel Survey, indicating the concentration
of person trip-making during the daytime. Because of the limited capacity of transportation systems to handle the
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Figure 2-13. Change in Average Commute Speed, United States,
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Figure 2-14. Typical Percent of Daily Trips by Time Period
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peak loads, many metropolitan areas have found that travel is beginning to spread out into the very early hours or
after the main peak is over. Figure 2-15 shows the percentage of a day’s total delay that occurs by hour of the day.
As can be seen, the afternoon peak period experiences the most delay of the day.

Unlike commuter trips, which generally peak between 7:00 to 9:00 a.m. and 4:00 to 7:00 p.m., truck trips tend to
be at their highest levels between 10:00 a.m. and 4:00 p.m.

4. Mode Usage

The likelihood of individuals choosing one mode over another for different trip purposes depends on a variety of
factors, many of which are often masked when using national data. For example, many urban corridors and activity
centers show significant transit ridership, even though the metropolitan area average for transit mode share could be
quite small. Thus, the following data should be viewed with an understanding that they represent national numbers,
reflecting many different types of transportation contexts.

Both the number and the percentage of urban travelers driv-  Figure 2-15. Percentage of Daily Delay by Time of
ing a car have increased significantly since the 1950s. For Day, United States

example, the percentage of U.S. commute trips made in 2 pgreent of

single-occupant vehicle as compared to all other modes was ~ Daily Delay

64.4 percent in 1980 and increased to 76.1 percent in 2009. 14
Carpool and transit use has slightly increased in absolute 12
number of trips but has declined in market share. Many of 10
the differences in mode use seen historically have lessened g
somewhat during the past 30 years; however, there are still ¢

important differences that can affect transportation service: 4-
. . . . 2 T
* Women still have a higher propensity to use transit |
than men and use carpools almost the same amount 1 3 5 7 9 11 13 15 17 19 21 23
as men. Hour of Day

Source: Schrank, D., B. Eisele, and T. Lomax. 2015,
Reproduced with permission of Texas A&M Transporta-
tion Institute.

» Working at home and walking are important trans-
portation modes in higher age groups.

 Higher age groups tend to use transit less than younger age groups, particularly buses and the subway.

¢ Minority populations tend to use transit much more than Caucasians (African Americans have transit use
levels four times that of Caucasians; Hispanics use transit at more than twice the level of nonHispanics).

¢ Carpooling by Hispanics is double that of nonHispanics (23 percent to 11 percent).

e 'The higher the household income, the less likely one is to use transit or carpool, until the highest incomes
are reached and then the transit share increases (most likely due to increased commuter rail and ferry use).
Lower-income households have a much higher use of transit, biking, walking, and taxicabs.

* As metropolitan size increases, transit use increases in both central cities and suburbs; carpool rates are much
more stable across different metropolitan area sizes.

¢ Nonmotorized travel averaged about 14.6 percent of all trips nationally in 2009, which is a decrease in market
share from 1990 but represents a larger number of trips than taken in 1990.

¢ Those who have resided in the United States for only a short period of time tend to use transit (13 percent
market share), carpools (almost 26 percent), and walking (6.8 percent) at much higher rates than those who
have lived in the United States for a longer time.

Much of urban transportation policy during the last 30 years has focused on increasing the mode share for nonsingle
occupant vehicle modes, primarily transit. Understanding the socio-demographic characteristics of those who ride
transit and perhaps more importantly those who do not becomes an important foundation for planning studies aimed
atenhancing transit ridership. Many transportation plans outline a long list of policies and program initiatives aimed at
increasing transit market share; transportation planners need to understand the behavioral aspects of encouraging more
people to do so.
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IV. ESTIMATING TRAVEL CHARACTERISTICS AND VOLUMES

Various types of data are used in different stages of the planning process. Needed data will vary by mode of transporta-
tion and the purposes for which the data will be used. Table 2-8 shows how different highway-related data might be
used depending on what decisions will be made. The following sections provide an overview of the most important
characteristics of data collection for transportation planning.

A. Road Traffic Data Definitions

Traffic volume counts are expressed by specific time periods, with the time period depending on the type of information
desired and its application. For example, data can be obtained for intervals of 5, 15, or 30 minutes; 1 hour; a peak
3-hour period; 1 day; 1 week; or the entire year. Transportation planning studies normally focus on longer time
periods, such as annual daily traffic, while trafhc operations studies generally require peak hour or peak 15-minute
periods. It is important to note that daily volumes are typically not differentiated by direction or lane, but are total
two-way volumes for a facility at a given location. The following terms are often used in transportation planning
studies.

1) Annual traffic—the estimated or actual volume at a specific location for an entire year. Annual traffic esti-
mates are used to determine the traffic demand in a given geographic area, establish trends that can be
related to future traffic growth, and estimate highway user revenue, especially for toll roads, bridges, and
tunnels.

2) Average daily traffic (ADT)—average 24-hour traffic volume at a given location for some period of time
less than one year. An ADT estimate is valid only for the period for which it was measured. However,
adjustment factors can be used to estimate ADTs for longer periods of time based on historical records
(thus, for example, an ADT count for a Tuesday could be adjusted for an average weekday ADT based on
the relationship between Tuesday’s ADT and the historic average weekday ADT). These estimates are used
to measure the existing vehicular use of the streets and highways in a study area. Such data can be used to
determine facility performance, establish a major or arterial street network, and act as indicators of where
additional person-flow capacity is needed. ADT volumes are also used to prepare benefit-cost analyses and
to program capital improvements.

Table 2-8. Examples of How Traffic Characteristics Data Are Used in Road Planning

Highway Activity Traffic Counting Vehicle Classification Truck Weighing
Engineering Highway Geometry Pavement Design Structural Design
Engineering Economy Benefit of Highway Cost of Vehicle Operation Benefit of Truck Climbing
Improvements Lane
Finance Estimates of Road Revenue Highway Cost Allocation Weight Distance Taxes
Legislation Selection of Highway Routes | Speed Limits and Oversize Permit Policy for Overweight
Vehicle Policy Vehicles
Maintenance Selecting the Timing of Selection of Maintenance Design of Maintenance
Maintenance Activities Actions
Operations Signal Timing Development of Control Designation of Truck Routes
Strategies
Planning Location and Design of Forecasts of Travel by Vehicle | Resurfacing Forecasts
Highway Systems Type
Environmental Analysis | Air Quality Analysis Forecasts of Emissions by Noise Studies, Nitrous Oxide
Type of Vehicle Emissions
Safety Design of Traffic Control Safety Conflicts Due to Posting of Bridges for Load
Systems and Accident Rates Vehicle Mix and Accident Limits
Rates
Statistics Average Daily Traflic Travel by Vehicle Type Weight Distance Traveled
Private Sector Location of Service Areas Marketing Keyed to Trends in Freight Movement
Particular Vehicle Types
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3) Average annual daily traffic (AADT)—the average 24-hour traflic volume at a given location throughout
a full 365-day year. This is calculated by dividing the total number of vehicles passing a site in a year by
365 days. As noted above, AADT can be estimated based on historical adjustment factors that relate ADT
to AADT (in other words, ADT X adjustment factor = AADT).

4) Average weekday traffic (AW T)—the average 24-hour traffic volume occurring on weekdays for some period
of time less than one year. This measure does not include weekends. Similar to the relationship between
ADT and AADT, AWT can be used to estimate AAWT (see next definition) through the use of an appro-
priate adjustment factor based on established relationships.

5) Average annual weekday traffic (AAWT)—the average 24-hour traffic volume occurring on weekdays
throughout a full year. This volume is of considerable interest when weekend traffic is light, so that
averaging weekday volumes over 365 days would mask the impact of weekday traffic. AAWT is computed
by dividing the total weekday traffic for the year by 260. (Note: In some cases, the divisor is 250 to remove
holiday traffic so that a true representation of weekday traffic can be obtained.)

6) Average vebicle occupancy—average number of persons per vehicle. Vehicle occupancies are obtained by
observers recording the number of occupants in each vehicle passing a given point. This is relatively easy
for automobiles (except for heavily tinted windows in some limousines), vans, and trucks. Transit vehicle
occupancy is obtained based on ride counts from in-vehicle counters or estimated from visual inspection
as a transit vehicle passes a given point. The results are expressed in terms of persons per hour or average
number of persons per vehicle. New infrared scanning technologies are being developed that could be used
to determine the number of occupants of a vehicle as they pass by a given point.

7) Hourly traffic—hourly traffic flows in vehicles per hour. These estimates are commonly used in traffic engi-
neering studies, but are also used in planning studies to validate travel forecasting models. Information on
vehicle types and turning movements help assess existing or future traffic performance.

8) Short-term counts—short-term counts covering 5, 6, 10, 12, or 15-minute intervals. These counts are useful
in determining peak flow rates, establishing flow variations within the peak hour, and identifying capacity
limitations.

9) Space mean speed—average speed of all vehicles occupying a given section of a highway over some specified
time period. The equation for space mean speed is:

d _nXxd

= 2-1
(0 tz')/ﬂ Zitz' ( )

Space mean speed =

10) Time mean speed—average speed of all vehicles passing a point on a road over some specified period of time.
The equation for time mean speed is:

> (4,
Time mean speed = M (2-2)
n

Where:

d = distance traversed (feet, mile, kilometer)
n = number of travel times observed
t; = travel time of the /" vehicle (seconds or hours)

11) Traffic density—vehicles per lane per mile, obtained by dividing the hourly lane volume by the average
speed. Traffic density is considered a better measure of street service than flow rate for uninterrupted flow
along freeways, expressways, and major arterials. Density continues to increase as congestion increases,
while flow rate reaches a maximum value under moderate congestion and then decreases as congestion
increases. Should a full stoppage occur, density is at its maximum when the flow rate is zero.

12) Vehicle classification—classifying a traffic flow by the types of vehicles found in that flow. For freight plan-
ning, vehicle classification data are the basis for estimating annual travel by each type of truck, ton-miles
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Figure 2-16. FHWA 13 Category Vehicle Classification
Class | Class 7
Motorcycles % Four or more

axle, single unit
Class 2 m

Passenger cars

F’% Class 8

Four or less axle,

M single trailer
Class 3 @
(o) (o)

Four tire,

single unit KE% Class 9

Five axle tractor

semitrailer

Class 4 @] Class 10
)

Buses Six or more axle,

m single trailer
L) )

Class I 1
Five or less axle,
09 ©

multi trailer

Class 5 % Class 12

Two axle, six Six axle, multi-

tire, single unit % trailer

Class 13

Seven or more

axle, multi-trailer

Class 6
Three axle,

single unit

L HLL

Source: FHWA, 2013c

of cargo hauled on highways, and changes in axle and gross weight frequencies on the highways. Vehicle
classification data are also used in the development of transportation policy, the allocation of highway costs
and revenues, the regulation of size and weight, the establishment of geometric design criteria related to size
and weight of vehicles, and the study of pavement and bridge deterioration, as well as for various special
studies. Vehicles are often classified based on schemes adopted by the data collection agency. For example,
Figure 2-16 shows the vehicle classification scheme from FHWA for classifying vehicles. The classification
scheme is separated into categories based on whether the vehicle carries passengers or commodities. The
number of axles and number of units, including both power and trailer units, further subdivide nonpas-
senger vehicles.

Vehicle miles traveled (VMT)—the amount of travel on a road system estimated by multiplying the daily
(or annual) traffic volume on each section or link by its length. Estimates of annual VMT are useful in
computing crash rates and estimating pollutant emissions. Where peak-hour traffic counts (or flow maps)
are available, peak-hour VMT can be estimated. In urban areas, sampling procedures can be used to estimate
daily VMT. The road system should, at a minimum, be classified as freeways, arterial streets, and local
streets. Where possible, freeways should be further stratified by lanes or ADTs and arterials should be
grouped by lanes, geographic area, or other features. Stratified random sampling procedures (discussed in
the last section of this chapter ) should be utilized taking into account the spatial, temporal, link length,
and similar variations to obtain a composite variance for each class (see FHWA’s Traffic Monitoring Guide
[FHWA, 2013c] for more detailed discussion of estimating VMT).
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B. Traffic Count Techniques

Trafficvolume estimates are obtained through a variety of traffic counting techniques. Agencies such as state departments
of transportation have a systematic and periodic traffic counting program. In other situations, such as in site impact
analysis, special counts are taken for use in the analysis (see chapter 19 on site planning and traffic impact analysis).

ADT and AADT counts are usually obtained through machine counts using either with tubes and air switches or
permanently located detector sensors (such as inductive loops or magnetometers) and appropriate detector electronic
units. Counters are used to obtain 24-hour counts, often without regard to direction. Two separate directional counts
at the same location can be summed to obtain a total road volume count. Twenty-four-hour counts are used primarily
to develop traffic flow maps and determine traffic trends. Directional counts are used for capacity analyses, planning
improvements, obtaining accumulations within a cordon area, and other such purposes.

Many states and cities have established generalized monthly and daily factors for various types of roads to adjust
24-hour counts for a given day to AADT. Two types of data collection are used to define these adjustment factors.
Continuous traffic monitoring data collection programs are used to collect traffic counts every day of the year. The types
of instruments used for such data collection include:

e Automatic traffic recorders (ATRs).
e Automatic, continuous vehicle classifiers used to supplement the ATR program.
¢ Continuously operating weigh-in-motion (WIM) scales placed to monitor statewide trends in vehicle weights.

e Continuously operating WIM scales used to identify trucks that need to be weighed statically at an enforce-
ment scale.

e Volume and speed monitoring stations that provide facility performance data to centralized traffic manage-
ment systems.

Another approach involves locating control stations throughout the road network to sample traffic volumes on the
major road system. For such control station counts, it is desirable to have at least one control station located on each
freeway and major street. The minimum recommended duration and frequency of counting is a 24-hour directional
machine count every second year. Selected control stations—called key count stations—are used to obtain daily and
seasonal variations in traffic volumes. At least one key count station should be selected from each class of street in
both the major and the minor systems. Key count stations are counted for one continuous week each year and for
one 24-hour weekday each month. These counts provide factors that can be used to adjust other traffic counts taken
on shorter time periods.

Coverage counts are used to estimate ADTs at many different locations throughout the street network. Major streets
are divided into segments with uniform traffic conditions, and a 24-hour, nondirectional count is made in each
segment. The count is adjusted using the factors developed from the appropriate key count station to obtain the
estimated ADT. Coverage counts are normally repeated every 4 years, but significant changes in traffic due to road
improvements, land-use changes, or other factors may dictate more frequent recounts. For the minor street network,
one 24-hour, nondirectional count should be taken for each mile (1.6 kilometers) of street. Counts are repeated when
local circumstances indicate a need.

Trafhic volume graphs are sometimes prepared to show the monthly and daily traffic variations at a given location.
Figures 2-17a and b give examples of such a graph (note: daily variation was shown in Figure 2-14).

Hourly traffic counts by direction of travel can be made for 12, 18, or 24-hour time periods by recording counters.
Volumes are recorded in either 15-minute or hourly intervals by printing on paper tape, punching or encoding on
machine-readable tape, recording electronically for subsequent insertion in a personal computer, or being digitally
transmitted to a central computer.

When traffic volume data from coverage counts are maintained at levels of aggregation below that of a daily total,

such as by hour and direction, the data have additional uses, such as trafhic signal timing, air quality analysis, noise
analysis, planning studies, and planning the timing of maintenance and construction activities.
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Figure 2-17a. Temporal Variation in Traffic Volumes. Typical Day-of-Week Traffic
Volume Distribution by Vehicle Type, United States
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Figure 2-17b. Temporal Variation in Traffic Volumes. Typical Month-of-
Year Traffic Volume Distribution by Vehicle Type, United States

y [
Ve~ —

—— Urban Cars
—#— Rural Cars

Rural Comb Trucks
=>¢= Rural Single Unit Trucks

f f f f f f f f f f f i
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month of the Year

Source: Hallenback et al., 1997 as reported in FHWAc, 2013

—_
—_

—_
1

o
®

o
3

Fraction of Average Annual Traffic
o
©

o
o

To compute AADT from a short duration count, the data collected during the short counts must be adjusted to
annual conditions. These adjustments include:

* Axle corrections (for counts made with single axle sensors; there would be no correction factor for counts
taken by an induction loop that senses vehicles).

* Day of week (for counts taken for less than one week).

e Seasonal (to account for changes in volume that occur from one time of year to another); and time of day
(for counts taken for less than 24 hours).

See the ITE’s Traffic Engineering Handbook for further details. [Pande and Wolshon, 2016]

Manual traffic counts are widely used to obtain hour-by-hour variations in traffic flows, traffic composition,
turning movements, and pedestrians. This information is used to define the duration and intensity of peak periods,
evaluate street capacity deficiencies, assess the need for various trafhic controls, develop street designs, and determine
the effects of new developments on changed land uses. They also provide inputs for traffic model validation.
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Turning movement counts are often collected at intersections for a variety of analyses, including signal timing,
capacity, impact of physical changes to the intersection, or nearby land uses. These counts are collected in 15-minute
increments for at least a 2-hour period in the morning peak, evening peak, and in the vicinity of heavy commercial
land use, on a Saturday peak. To avoid the high costs associated with turning movement counts, sample “short”
counts are sometimes used. One method is to count each intersection approach for a definite time period (such as 5
to 10 minutes per hour). When intersections are close to each other, it is possible to sample count each intersection
on a rotating basis. Counts should be done on a per signal cycle basis rather than for specified time periods. These
methods should be used only when traffic conditions are relatively constant throughout the study period.

Vehicle occupancy counts are usually estimated through sampling procedures. The number of separate counting
efforts needed for a given time period can be obtained by the following equation:

ZZ(SIZ+S§+S§)

= (2:3)

n

where:

E = Allowable error or tolerance (as a decimal, 5 percent is denoted 0.05)
S = Standard deviation of average occupancy across days in a single season
S, = Standard deviation of average occupancy among seasons
S; = Standard deviation of average occupancy across time periods during a day (time period of concern) at a
location
n = Number of counts at a location
Z = Standard normal variate

The values for standard deviation should ideally come from previous data collection efforts. Typical values of these
standard deviations include:

S, =0.015
S; =0.017

Further details on procedures and applications for vehicle classification and occupancy counts are found in the FHWA's
Guide for Estimating Urban Vebicle Classification and Occupancy (2001).

Screenline counts are taken at imaginary lines that bisect a study area or a major facility. The screenline is usually
drawn along natural boundaries, such as rivers, escarpments, or railroad rights of way, to minimize the number of
vehicular crossings and, therefore, the number of counting stations needed (see Figure 2-18). Screenline counts are
used in conjunction with origin-destination studies to expand sampled volumes to represent the total (sometimes
referred to as the universe) amount for the study area or to check the accuracy of origin-destination trip tables. Trip
table crossings of the screenline are aggregated and compared to the actual ground counts at the screenline. The total
trip tables are then adjusted to reconcile the differences.

Screenline counts are also used to help calibrate travel demand models and to detect trends or long-term changes
in volume and direction of travel due to significant changes in population, land use, commercial and business activity,
and travel patterns. In some situations it is not necessary to count all crossings of a screenline as long as traffic or
ridership is not diverted to uncounted crossings. Counts might be taken every year or every second year. Counts
should be made on an hourly basis to allow hour-by-hour comparisons with origin-destination data.

Cordon counts are imaginary lines where the trips crossing the lines are counted by direction of travel. The
study area may be an entire urbanized area, a transportation study area, a city, a central business district (CBD), a
neighborhood, an industrial area, or any other definable planning area. The counts determine the number of vehicles
and people entering, leaving, and accumulated within the cordon area by mode of travel and time of day (including
pedestrians and bicyclists). Vehicles are classified by type—bicycles, automobiles, light trucks, heavy trucks, carpools,
taxis, buses, light rail transit, rapid transit, and commuter rail trains. Vehicle occupancies are determined for each
vehicle type and travel mode (some agencies do not include truck drivers in their summaries of person movement).
The counts may cover a full 24-hour period (particularly when recording counters are used), but more frequently
cover 16 hours (5:30 2.m.—9:30 p.m. or 6:00 2.m.—10:00 p.m.) or 12 hours (7:00 a.m—7:00 p.m.).

CBD cordon counts are often used to measure the transportation activity generated by the CBD. These counts are
repeated on an annual or biennial basis to evaluate trends or changes in activity within the CBD. They are use-
ful in identifying the roles and importance of various transportation modes and in establishing transport policy.
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Figure 2-18. Use of Screenlines in Redmond, Washington, Showing Traffic Growth,
2006/07 to 2007/08
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Results are summarized in graphic and tabular form to indicate daily and peak-hour person movements, vehicle
movements and occupancies by travel mode, and vehicle occupancy and accumulation of people by mode of travel
throughout the day. An important planning use of the CBD cordon count is to compare transit ridership projections
with actual cordon crossings as part of a reasonableness check of ridership forecasts.

Many studies rely on a combination of traffic counting techniques to “tell a story.” This is especially true in situations
where there is a high variability of travel times and speeds on the facilities being measured. For example, the Georgia
Department of Transportation is monitoring the performance on several major arterials in the Atlanta region using a
combination of traditional counting methods, probe vehicle studies, and Bluetooth sensors. Data is formulated into
biannual reports that highlight changes in performance so that investment decisions can be targeted on those arterial
segments that will provide the best incremental benefit. Figure 2-19 shows the changes in traffic volume and travel
time since the 2010 start of the regional traffic operations program. Maintaining consistent and reliable performance

Travel Characteristics and Data © 41



Figure 2-19. Change in Arterial Peak Period VMT and Peak Period Travel Time per Mile, Atlanta
—— Change in traffic volume (VMT) —i— Change in travel time (minutes per mile)
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in the face of increasing traffic demand was accomplished through improved signal timing, enhanced communication
with drivers on congested locations, and active management strategies.

C. Data Collection Standards

Traffic monitoring programs usually establish a recommended counting frequency, representing a compromise
between the cost of data collection and count accuracy. For example, FHWA’s Traffic Monitoring Guide recommends
that coverage counts be 48 hours in duration and repeated every third year, with growth factors being applied in the
intervening two years. As count duration and frequency increase, program cost increases while the level of inaccuracy
in AADT estimation is reduced. [Hallenback and Bowman, 1984] A point is reached in this relationship, however,
where the marginal improvement in accuracy is not worth the cost of collecting the extra data.

Federal guidance is available for traffic counting programs that relate to roads receiving federal aid, such as the interstate
system. Transportation planners should be aware of the data collection standards that apply to the types of travel
patterns being monitored. Many traffic counting programs also have a specified minimum level of precision and
permissible error. This is discussed in the section on statistics.

D. Highway Performance Monitoring System (HPMS)

In the United States, the federally required Highway Performance Monitoring System (HPMS) is part of a state DOT’s
data collection program. Beginning in the mid-1980s, the federal government required states to collect performance
and condition data on their road networks and to submit these data to FHWA. The data are collected based on
samples and a universe section. Two types of data are collected and reported to the FHWA. [FHWA, 2014] Full
extent (that is, systemwide) data are collected on selected networks such as the National Highway System (NHS)
routes and all other roads, excluding minor collectors in rural areas and local roads in any area. The data collected
relate to inventory (physical characteristics), route (for example, route number and road signing), traffic (for example,
Annual Average Daily Trafic-AADT, single-unit truck & bus AADT, and combination truck AADT), pavement (for
example, International Roughness Index (IRI)), and any special network designation.

Data are also collected on a random sample of roadway sections that represent attributes at a systemwide level. These
sections of the network are referred to as sample panel sections. The sections are selected randomly and are intended to
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give a statistically valid representation of a state’s road network. The data collected on the road samples are much more
detailed and include the data categories listed above. Sample panel data also include geometric characteristics (for
example, lane width, shoulder type, and peak parking) and much more data on traffic and pavement characteristics.

Each NHS, principal arterial, and sample section must be counted at least once every three years. Additionally, each
state should maintain cyclic count coverage data on all arterial and collector roadways covered by the HPMS sample
so that those sections can be accurately assigned to HPMS volume strata. This is necessary to expand the HPMS
sample counts into accurate estimates of statewide VMT. Pavement condition data must be collected no more than
every two years.

The HPMS data collection effort is particularly important to state transportation agencies because some federal-aid
funds are apportioned based on the data collected. In addition, HPMS data are used in a number of key analytical
tools, including the HPMS Analytical Package, the Surface Transportation Efficiency Analysis System (STEAM), the
Highway Economic Requirements System (HERS), and the ITS Deployment Analysis System (IDAS), as well as in a
variety of state-specific planning and performance modeling systems. The HPMS database is also the basis for periodic
reports to Congress on the status and condition of the U.S. road network. (See FHWA, 2014 for much greater detail
on the traffic data collection program for the HPMS effort.)

E. Travel Time Studies

Travel time and delay studies are among the most basic and important of transportation analyses. Travel time studies
have a wide range of uses and application (see Table 2-9). They provide measures of a facility’s or system’s operational
performance (for example, amount of delay and average speed). They help assess the adequacy of existing and proposed
facilities, feed into decisions relating to traffic control and infrastructure changes, serve as an important measure of

Table 2-9. Uses of Travel Time Measures in Planning and Project Development
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Identification of problems X X X X X X X
Basis for government action/investment/policies X X X X X X
Prioritization of improvements X X X X
Information for private sector decisions X X X X X X X
Basis for national, state, regional policies and programs X X X X
Assessment of traffic controls, geometrics, regulations, improvements X X X
Assessment of transit routing, scheduling, stop placement X X X
Base case (for comparison with improvement alternatives) X X X X X X X
Inputs for transportation models X X X X X
Inputs for air-quality and energy models X X X X X
Measures of effectiveness for alternatives evaluation X X X X X X
Measures of land development impact X X X
Input to zoning decisions X X
Basis for real-time choice decisions X X

Source: Lomax, T. et al. 1997, Reproduced with permission of the Transportation Research Board.
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the value of time delay (when combined with an economic estimate of the value of time), and provide inputs
into travel demand models. They also help define markets for businesses (for example, how many households live
within a 30-minute trip of a store?) and, when conducted on a periodic basis, quantify changes in mobility and
congestion.

Travel time-related concepts include the following:

o Portal-to-portal travel time is the total time traveling from one location to another. It includes in-vehicle time
(time actually spent traveling) and out-of-vehicle time (time spent waiting for transit service, transferring to
another vehicle, and time spent in walking between the vehicle and the origin and destination at both ends

of the trip).

o Vehicle travel time is the time taken by a vehicle to traverse a given network segment. It includes running
time, the time a vehicle spends in motion and delay, and the time lost in traffic due to traffic control devices
and congestion. For public transit, travel time includes dwell times at stops, which in congested systems can
constitute a major source of delay.

o Congestion is travel time or delay in excess of that normally incurred under light to free-flow travel conditions.

o Mobiliry is the ability of people and goods to move quickly, easily, and cheaply to their destination, and thus
travel time is often a component of system performance measures that relate to mobility.

o Accessibility is the achievement of travel objectives within time limits regarded as acceptable. (Note that,
with telecommunications technology, people can have accessibility but not be mobile.) For accessibility mea-
sures, travel times become a modifier or the primary performance measure, an example being the number of
low-income households within a 60-minute transit ride of community health or recreational facilities.

Travel times and delays should be obtained by direct measurement wherever possible. Methods for doing so include test
vehicles, license plate matching, aerial photography, interviews, probe vehicles, cell phones, induction loops, sensors,
and traflic reporting services. Travel time and delay data can be depicted either graphically or tabulated. Some typical
means of conveying travel time and delay information include:

1) Travel Time Contours: Travel time contour or isochronal maps show the distance that can be reached from a
common origin (often a CBD) in a given time period. They can compare peak and off-peak hours, thereby
indicating the amount of congestion in each corridor. Contours can also compare travel times from year to
year, thereby indicating the changes in system performance. Isochronal maps are also useful in defining the
reach or market area for commercial developments (see Figure 2-20).

2) Areas or Corridors: Travel speeds along sections of roadways in a corridor or area can be presented as speed
flow maps or delineated by legend. Alternatively, the distances traveled in 5-minute time intervals can be
indicated.

3) Routes: Travel times and delays along a route can be depicted by profiles of speeds and delays along a route
(see Figure 2-21) by graphic comparisons of peak and off-peak travel times or by time-space trajectories.
Travel time and delay information can be summarized by component such as shown in Figure 2-22; data
can also be aggregated by route.

F. Travel Surveys

Most of the travel collection techniques discussed previously are designed to collect data at one location over a specified
time period. In many ways, these techniques provide a static representation of what is happening on the transportation
system. Often in transportation planning it is important to know the characteristics of the travelers as well as more
detail on travel patterns, such as where trips are coming from and where they are destined. The primary means of
collecting such information is through travel surveys. Travel surveys are designed to obtain data and information on
the number, type, and orientation of trips in an area; they also include movements of passengers, vehicles, and cargo.
The surveys estimate the nature and magnitude of existing travel and the characteristics of that travel, usually during
an average weekday.
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Figure 2-20. Travel Time Contours, Dallas-Ft. Worth
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Figure 2-21. lllustrative Speed Profile
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Travel patterns are commonly displayed as desire lines in which straight lines are drawn between origin-destination
pairs with the width of each line proportional to the number of trips made between the two zones on an average
weekday. A different type of desire line chart summarizes the data further and shows the aggregated through-trips,
internal-external trips, external-internal trips, and internal-internal trips. Desire-line charts may also be prepared
for special zones such as the CBD, a large industrial tract, a university, or a military installation. Contour maps
(or isolines) showing the orientation and intensity of travel can also be prepared. Other data collected during the
origin-destination study may be presented on maps of the area, sometimes keyed to analysis zones. Examples include
population distribution or density, land use, and trip density.
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Figure 2-22. lllustrative Graphic of Travel Times and Delays The data collected by travel surveys can provide
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Many of the surveys are complex, and there are continual changes in survey designs and methods (for more detail,
see the Transportation Research Board’s Committee on Travel Surveys website, http://www.thwa.dot.gov/ohim/trb/
reports.htm, and the online 7ravel Survey Manual at htep://tfresource.org/Online_Travel _Survey_Manual).

The scope and scale of studies that utilize travel surveys vary widely. Surveys could be used to study a single highway
interchange or a transit route, or a series of routes as in a financial feasibility or corridor study. The survey area
may contain a single neighborhood, a subdivision, or a commercial development; or it may encompass an entire
metropolitan area or state, as often occurs in comprehensive transportation studies.

Table 2-10 shows the common survey populations encountered in transportation planning studies and their use in the
transportation planning and modeling process. These surveys generally form part of the comprehensive data collection
effort that focuses on a sample of travelers who are assumed to be representative of all travelers in the urban area. The
survey methodology with respect to such studies includes: (1) establishing zones for analysis purposes, (2) conducting
external (or intercept) surveys, (3) conducting internal surveys, (4) processing data and performing accuracy checks,
and (5) analyzing and expanding data.

The initial step in a planning study is to define the study area. For comprehensive metropolitan studies, this area
should encompass those parts of the region that will be urbanized in the planning horizon year. A cordon line is
established around the study area that minimizes the number of roads (and hence survey stations) that are crossed.
Traflic analysis zones, rings, and sectors should be discretely numbered. The size of the zones is governed by survey
area size, population density, desired data items, and study purpose. Zones are smaller in the downtown area and
larger in the sparsely populated outlying areas. Trips with both origin and destination within the zones should not
comprise more than 15 percent of all trips. Once the zonal system has been established, surveys can be used to collect
desired data and information. Existing zonal structures, such as those used for a travel demand model, should always
be considered when establishing a study framework. This will allow comparisons to be made and data to be shared.

Survey information is required for three categories of trips. Trips that traverse the study area are referred to as
through-trips, external trips, or external-external trips. Trips that have either their origin or destination outside the
study area while the other end of the trip is in the study area are referred to as external-internal trips or internal-external
trips. The (usually) largest category of trips includes those that have both origin and destination inside the study area,
referred to as internal trips or internal-internal trips. Data for these different categories of trips are collected in two
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Table 2-10. Common Survey Populations and Uses of Data

Survey Type Common Survey Populations Common Modeling Uses of Data
Household travel of activity Household within a prespecified study area Trip generation, trip distribution,
surveys OR mode choice, time-of-day of
People within a prespecified study area travel, traveler behavior
Transit on-board surveys Transit passenger trips on prespecified set of transit | Mode choice
services
Vehicle intercept or external Vehicle-trips on one or more highway segments, Trip distribution, model
station surveys perhaps by direction validation
OR
Person-trips by vehicle on those highway segments
Commercial vehicle surveys Commercial vehicles garaged within a prespecified Commercial vehicle travel
study area (generation, distribution,
OR time-of-day)
Commercial vehicle trips made by those vehicles
Workplace, establishment and | Employees of prespecified establishments Trip attraction models, parking
special generator surveys OR and transit cost/subsidy
All trips to and/or from the establishment
Hotel and visitor surveys Hotel guests at prespecified establishments Visitor models (generation,
OR distribution, time-of-day)
All trips to and/or from the hotel
Parking surveys All vehicles parked at pre-specified locations during a | Parking cost (for mode choice)
prespecified time period
OR

All vehicle or person-trips to those parking locations

Source: Transportation Modeling Improvement Program. Undated. Travel Survey Manual. Washington, DC. Accessed from,
htep://tfresource.org/Online_Travel_Survey_Manual on Feb. 25, 2016.

different types of studies. Through-trip data and external-internal trip data are obtained from external studies, while
internal studies provide data on internal trips.

1. External Surveys

External (or intercept) surveys obtain travel information concerning external and external-internal trips. Separate
surveys of rail, bus, and air travel may obtain additional travel information; these studies are specialized and depend on
the particular information desired. Most are conducted by questionnaires distributed and filled out during individual
trips. Common types of studies include roadside surveys, postcard mail-back surveys, license plate surveys, vehicle
intercept surveys, and lights-on surveys.

Roadside Interview. Roadside interviews are the most common method of obtaining external travel information
for comprehensive studies conducted in a large metropolitan area. Interview stations are established at all major roads
and most other roads crossing the cordon line encompassing the study area (attempting to intercept at least 95 percent
of the crossing traffic). Extreme care must be taken in locating and setting up the interview stations to ensure that
vehicles can be safely stopped for interviews. A large sample of vehicles is stopped (one of the challenges with this
method), and the drivers are asked the origin and destination of the current trip. Some studies obtain additional
information, such as trip purpose, where the car is garaged, routes followed, and intermediate stops made. Roadside
surveys are seldom used in large metropolitan areas today because of survey crew safety and the potential for trafhc
bottlenecks at interviewing locations. Other less intrusive methods are used.

Postcard Surveys. Where traflic is heavy, returnable postcards can be handed to drivers at the intercept stations.
This method is often used in conjunction with interview studies, especially during peak periods when it is not possible
to delay vehicles long enough to complete an interview (other surveys rely on postcards entirely for their data). Prepaid
postcards are coded with survey station identification and time, and they request the recipient to list the origin and
destination of the trip and to drop the card in any mailbox. A 20- to 40-percent response rate is common for this type
of survey. Data are expanded by hour and to a 24-hour total. Through-trips must be halved because of the double
interception of these trips, assuming that the trips have been picked up at two external survey stations as the trips
traversed the study area. In some cases, a website address and password are provided so respondents can enter answers
by filling out a web form. This may increase the response rate.
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License Plate Surveys. A license plate study can be used instead of an interview or postcard survey. Even with
interviews or postcards, a license plate study may be necessary at freeway crossings of a study cordon line. In this
procedure license plate numbers are recorded either visually or with visual image readers along with the time of
observation. Manual recording is usually accomplished through the use of tape recorders. Postcards or surveys are
then sent to the address where the vehicle is registered. This type of study is conducted only during daylight hours,
although where roadway lighting is of sufficient intensity, license numbers can be recorded during other periods.
Returns are stratified by time of day. A 30-percent return of the questionnaires is considered excellent, although
returns as low as 20 percent could produce statistically valid results. The information received from the returned
questionnaires is expanded by three factors. The first is to expand the percentage return to 100 percent of the plate
numbers recorded. This factor equals 100 divided by the percentage return. The second factor expands the sample
of license plates recorded to the total volume passing the station during each hour the plate numbers were recorded.
This hourly factor equals the total volume in each hour divided by the number of plates recorded in that hour. The
third factor expands the data to the full 24-hour total volume divided by the sum of the hourly volumes during which
license plate numbers were recorded. Other adjustments factors (for example, day of week, month of year) may also
be applied. Finally, the through-trips must once again be halved because of the double exposure to intercept stations.

Vehicle Intercept Surveys. The vehicle intercept method can be used in small area studies. This procedure requires
stations at all entrances and exits to the study area. Each entering vehicle is stopped and a coded or colored card is
handed to the driver with instructions to surrender the card as he or she exits the area. Exiting vehicles are stopped
and the cards collected, or the notation that they had not received a card is made. A variation of this procedure is to
place colored tape on the bumper of the entering vehicle or to tape the colored card to the windshield. Given that
the color code indicates at which entry point the vehicle entered the study area, this approach eliminates the need
for stopping vehicles at the exits from the area. It also permits the collection of data at intermediate locations within
the study area. However, it poses problems in certain weather and lighting conditions. The vehicle intercept survey is
used to determine origin-destination travel patterns through a study area. More detailed information on traveler and
trip characteristics is not collected with this method.

Lights-On Studies. A lights-on study is a variation of the vehicle intercept (or tag-on-vehicle study). This study
traces individual vehicles from one entrance point to a maximum of two or three destination points, generally within
one-half mile to 1 mile of each other. It is useful in tracing vehicles through a highway interchange or weaving area.
Each entering vehicle is requested to turn its headlights on and to leave them on until it passes an exit station. This
procedure only works during daylight hours. It is the least reliable of the surveys described, and it is only effective
under very limited circumstances. A caution with using this approach is that in many circumstances (for example, in
Canada), many vehicles operate with lights permanently on.

2. Internal Surveys
Typical types of internal surveys include household interviews, commercial vehicle surveys, surveys of workplaces and
special generators, hotel, and visitor surveys, and transit-on-board surveys.

Household Surveys. Houschold surveys began during the 1940s and became common during the 1950s as part
of the comprehensive urban transportation planning process. The initial studies involved home interviews in which
respondents were asked to recall the trips made on the previous day. The samples ranged from about 2 percent in areas
with populations exceeding 5 million to 20 percent in areas of less than 200,000 population.

Over the past 15 years, survey methods have changed dramatically. Surveys can be done over the Internet or by
telephone, involve small samples, and include trips made by walking and bicycling as well as by auto or transit. More
than 80 such surveys have been completed in the past 5 years.

The key steps in conducting a household survey are shown in Figure 2-23. An often neglected but important part of
the survey process is a pilot survey, which should be used to test the survey instrument, sampling design, and interview
process. The typical information collected is summarized in Table 2-11.

Household surveys include: (1) trip-based tools that directly gather information on people’s trips over some period
using either diary or recall methods, (2) activity-based surveys that gather information on respondent travel-related
activities during a set time period, or (3) time-use-based surveys that gather information on all activities in which
respondents participate during a set time period. Surveys commonly use motion recorders (such as GPS units) or
activity diaries to minimize underreporting of certain trips (such as short trips). They may also be designed to obtain
stated response (that is, stated preference) information. Figure 2-24a shows a survey form for a trip diary survey in
Albuquerque, New Mexico. Figure 2-25 presents a travel survey instrument for Ames, lowa.
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Figure 2-23. Flow Diagram of the Survey Process
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Table 2-11. Typical Information Collected in Internal Surveys

Category Variable
Movement | Order of stages in a trip Number of passengers in the vehicle
Trip purpose Location of trip ends
Main mode/modes of stages Parking costs/transit fee
Household vehicle used for trip
Person Sex Driving license status
Age Relationship of each person
Household Educational level
Participation in the labor market Ethnic origin
Profession
Amount of work
Household | Number of persons Length of tenure of household
Income Prior residence
Number of vehicles Number of workers in the household
Dwelling-unit type
Vehicles Existence Year
Make Odometer readings at beginning and
Diary period end of the year
Model

Source: Stopher et al., 2008, Reproduced with permission of the Transportation Research Board.
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Figure 2-24a. Example Trip Diary
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START HERE: At 3:00 am, were you at HOME or SOMEPLACE ELSE? his {:‘flmg Y:“ T [What TIME did you LEAVE this placer
o TJ Home ] Work L] School L] Other Place Refer o the list of activities below and record the i rerv0n for NOT lesving this place
g 1 you were NOT HOME. please provide the PLACE NAME and ADDRESS here: code(s) here (List up to fwo activities). |ﬁ:m \:Tg‘.;
H S
14 0 Did not leave.
Please list each place you went to on your travel day. Please include: Wit TIME dd HOW did you How many people R I Fleasepack the option BT yon pid i parkocy JasWhat LTMES did yon
Stopping for gas, going to the ATM, picking up kids from school, getting groceries, getting dry- "Jon ARRIVE at et to this went to this place at this place? “that best desesibes "nsed teansit, please list [ [ EAVE this place?
2 B this place? lace* with you? Record activiry code | where yon parked: the AMOUNT and/or
cle: © hbor's hous P P y ¥
aning, walking to 2 neighbor's house. i Pacsrere
[T Home ) Work L] School
O Walked 0 Snckace Packing Lot
B8l Othes Place - Record Name and Address | |DBea #with you 5 Packing Gacsgs l—I—Fl—I—I
— === 0 st/ | Name 0 OnStceet
] Bublic Transit |01 Deiveway Om Opm
Oam Opm |3 Car/Vangosl |0 Residenal Gasage
[mpete 0 Other: [ Did not leave.
[T Home [JWork ] School
O Walked with you 00 Snchace Packing Lot
4 ] Othes Place - Record Name and Addsess i R #with | Dacting Cacnge Il
< — === 0 carsuv/ T | Names 5 On-stueer
[l [ Poblic Teansit [Epeym— O Opm
4 Oam Opm |0 Car/Vasposl |0 Residential Garage
) 0 Otec 0 Othec. [ Did not leave.
=
I [ Home [JWork L1 schoal O Walked pe— |53 Sucface Parking Lot
Py ] Other Place - Record Name and Addsess: | DB ;‘" h | Packing Guge
=) — I —=Fl——1 |5 Castv/ Tt | Names: |0 OnStecet
< O O O] Poblic Teansic 0 Deivewray
am L PM 1) Ca/Vaspool |0 Residental G:
By 0 Other |0 Other. e ] Did not leave.
[T Home ) Work L] Schoal
O] Walked #with you [ Snchace Packing Lot I—l—ll—I—I
] Other Place - Record Name and Addeess: T E?gshl;wu-ck = o Pz
] Bublic Transit |01 Deiveway Om Opm
Oam Opm |0 Cae/Vanposl |0 Residensil Gacage
[mpete 0 Other: [ Did not leave.
b Activity List

Pick the code from below that best describes the activity for each place and write the code in column E. *For transit stops o car/vanpool mecting places: Record activity '13',

01. Home Actimties 04, Shoppine 07. Recseationl Activiies 10. Visiting 2 Place of Worship 13, Chasge Modes i .
02. Workplace Activties 05. Dining at Restazant 08. Batking Other Office Related 11, College/Univertity 14. Loop for Exescise (e ¢, muning, Continue with places 6-14 on back
03. School/Dagcare Related 06. Visiting Hospital/ Doctos 09. Visiting Another Private Residence 12 Pick-up/Drop-off Passenger bicyeling, or going for a walk)

Source: Westat, 2014. Reproduced with permission of Westat, Inc.
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Figure 2-24b. (Continued)

Study sponsored by Questions?
N~ EXAMPLE for m Mid-Region Council o KeepNewMexicoMoring.com See additional example for
MR\COG of Governments Toll free hotline: 1 $66-436.7825 L 1
p— Car Users MID-REGION TRAVEL SURVEY Transit Riders on the back!
4 KEEP @fin NEW MEXICO oo MOVING £
[What did you DO at - -
2 2
START HERE: At 3:00 am, were you at HOME or SOMEPLACE ELSE: e o What TIME did you LEAVE this place?
X] Home [] Work [] School [] Othes Place Refer to the kst of activities below and record the | 7 | 4 | 3 | AMain reason for NOT leavang this place:
1€ yon were NOT HOME, please peorids the PLACE NAME and ADDRESS hece: code(s) hee (List up to two activities): et
TIMESAVING TIPt
since you already provided home, work and school addresses, simply mark an X for these places. 01 - Slept, Ate O Did not leave.
Ploase list each place you went o on your ravel day. What TIME aid P HHOW did you Flow maay people What did yos DO P Please pick the opt Tryon pad to park or e, What TIME did you
you ARRIVE at |57 get to this plce? [ went to this place with |7 at this place> that best descabes nsed transit, please list [ LEAVE this place?
IF the trip starts aad ends at the same PLACE (e.g, jogging o walking) cecord LOOP as the place name and this place? o2 Record senvity eodae)|  whece yon packed: the AMOUNT
entér 7 in colmn E._ ‘from ist below: and for PASS TYPE.
O] Home & Work LI School 5 1,0
O wakea T 0 suctice Pacting 1o |
P 1 Ot Place - Record Name and Addcess 804 DB w 02 B B2 Hi e
—IEHEE e casove | e 0 on sueet N/A -
[ Publie Teansit ) Driverray = W
Bam Opm | carjvanpost [ Residena: Gange
O Other. 0 Omer: [ Did aot leave.
L Home [IWedk X Sehoal O Waked i - ) Sucfice Packing Loy 543,5
o 1 Othec Place - Record Name and Address |15112,9) [ IM Ll [ t —IZ =12
= Ben's School — S Mavsvmme | e Picked up Ben |0 Oasues N/A O ®
2 [ Pubic Transit 0 e
z Dam ®em |0 Car/Vanpoal from school |7 3eiacta Gange
5 00 G 2 D i ot 00 Did notlease.
=
& Ul Home I Work [ Schoal 0 Walked swichyou: ] 05 O] Surface Parking Lot C el
2 ) Othec Place - Record Name and Addsess |15 45,0; |0 Rmea ) D _ 12317,
Q Chipotle Mexican Grill g;:;srl_lr\;;r:uuk Names Picked up ggﬁ: 4 Do Bpa
3 6810 Menaul Blvd NE, Albuquerque, NM 87110 Dam ®em |0 cuorvaspont Ben dinner 0 Residemmn Garge (1 hr)
= 0 Gter 0 ouer [ Did not leave.
Wl Home LI Work LI School O Waiked 2 00 ucfice Parking Lot 1 1
] Othec Placs - Record Name 2ad Addcess 8 214 [Dmereee Swiino: 3 o1 Ot B W |
=22 I caysov/rraes | vvames Atedinner D onsues N/A ey
[ Pubic Teanser [ Driverray s
Oam Bem |0 carvanpoot Ben Watched TV @ zecitemn Gange
0 Other: Slept 0 Omer [ Did not leave.
P Activity List If you visit more than 5 PLACES, continue recording on
the back of your Travel Log.
Pick the code from below that best describes the activity for each place and write the code in column E. *For transit stops or car/vanpool meeting places: Record activity '12'
0L Home Activities 04. Retal Shopping 07 Recteational Activities 10. Visiting 2 Place of Worship 13. Change Modes ] ]
02 Wodkplace Activities 05, Dining at Restancant 05. Banking/Other Office Related 11, Callege/Universiey 14 Loop for Exsccise (s, mosing, Continue with places 6-14 on back
03. Sehool/Dayease Related 06. Visiting Hospital /Dostos 09. Visiting Anothes Pavate Resideace 12, Pick-np/Diop-off Passenges Ticycling, s geing for a walk
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Figure 2-24c. (Continued)

Study sponsored by: Questions?
EXAMPLE for . Mid-Region Council KN MesicaMigioon See additional example for
MR\COG il = of Governments Toll-free hotline: 1-866-436-7528 Car Users on the back!
wimees. Transit Riders MID-REGION TRAVEL SURVEY !
4 KEEP g NEW MEXICO s MOVING §
[What did you DO at 3 .
& > =3
START HERE: At 3:00 am, were you at HOME or SOMEPLACE ELSE? i o et What TIME did you LEAVE this place?
¥ Home [ Work [] School LJ Other Place Refer to the list of activities below and cecord the 2 ,.1,8 ain rexson for NOT lexving &is place:
[1f you were NOT HOME, please provide the PLACE NAME and ADDRESS here: code(s) hece (List np to two activities): L o !ji,\;\
TIMESAVING TIP!
since you already provided home, work and school addresses, simply mark an X for these places. 01 - Slept, Ate [ Did not leave.
Please i place v day. What TIME did [P, HOW did you. How many people What did you DO Please pick the optioalih If you paid to pack or [Py What TIME did you
you ARRIVE at [ get to this place? [ wentto this place with [ at this place? that best descabes wsed transit, please list [ LEAVE this place?
IF the taip stacts and ends at the same PLACE (e g, jogging or walking) cecord LOOP 1c the place name and. this place? you2 Record acviy code(s) | where you pasked: the AMOUNT
eater 7 in column E. S S and/or PASS TYPE.
O Home [ Work L School P 11 Surace i 8.3 5
) Ot P - Rt e st A o [rwme: 0 ] L ey 811313
I—I8 12141 . 5 ht th
5 i 01 Car/SUV/Truek ‘Names: Caughtthe |0 onsueer N/A Wam O
Rail Runner - Downtown Bernalillo Sl O Putiic Transe P Il Doy, am [pm
820 Rail Road Track Rd, Bernalillo, NM 87004 e |0 Cas/Vanpool [l Resdeatil Gange
0.0t Kl Other  pid not park I Did ot leave.
O Home LI Work LJ School I ; 01 sartace 8,..4,3
¥ [ Othes Place - Record Name and Address oWy =l IMI 13 D:,,:ug,,mgm —l=ll=l=l
= Rail Runner - Downtown Albuquerque — - [powmvme  [hes A R N/A (- Pt
z 100 First St SW, Albuquerque, NM 87110 Wam Oem |0 ca/Vapoo! [ Residential Gamge
2 1 Other IR Other: Did mot park ] Did ot leave.
- TTHome ) Woik L] Sehoal X
"3 Walked # with you: [ Surtace Packing Lot 5157
2 B 0] Othes Place - Racord Name and Addcess 181151 [Dmeee v 0 02 1 Parking Garsge p e
=] = |0 car/suv /e Names ] On-Strest N/A
g o O Fubiie Transit [ Drrveway e e
Mam Oem |0 car/vangool ) Residensial Ganse
&
0 Ot W Otker.  Did not park T Did not leave.
O Home L] Work LJ School o - 1 sactace
) Othes Place - Record Name 2ad Address: B et M 09 D:n:n;;‘:;;gm T O |
2212 g G sov remere Namer: Watched TV, |0 onseest N/A
Cloverleaf Apartments _—_ D) Py Transt i Staiad D) Dty Oam Opm
am Wem [0 car/vangont amie ayed over Beitinii
4300 Bryn Mawr Dr, Albuguerque, NM by R Besde anige T—
b Activity List If you visit more than 5 PLACES, continue recording on
the back of your Travel Log.
Pick the code from below that best describes the activity for each place and write the code in column E. *For transit stops or car /vanpool meeting places: Record activity "12'.
01. Home Activities 04. Retail Shopping 7. Recceational Activities 10. Visiting a Place of Wocship 13. Chaage Modes
02. Workplace Activities 05. Dining at Restancant 08. Banking/Other Office Related 11 Collegs/University 14. Loog for Exercise (e.g. maning, Continue with pla[eq 6-14 on bacl
03. Seheol/Dyeaze Relatsd 06 Visting Hospital/Doctaz 09, Visiting Anofler Private Rezideace 12 Pick-np /Dzop-off Paszeager bicyeliag, oz going for a walk
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Figure 2-25. Travel Survey Instrument, Ames, lowa

nEs A
matropciitan plan

Regional TRAVEL SURVEY

One of the first considerations for planning the future of a region is the need for adequate transportation. Because of
the time it takes to implement and the investment required, long range transportation planning is vital to successfully
shaping the future of any region. We would like your help today in shaping the future of the Ames Region. Thank you
for taking time to complete the survey. When you are finished, please return your completed survey in the
postage-paid envelope addressed to ETC Institute, 725 W. Frontier Circle, Olathe, KS 66061.

1. How many operating vehicles (cars, trucks, motorcycles/mopeds, vans) do you have in your household?
vehicle(s)

2. Please select all the choices that best describe you. (Check ALL that apply)

_ Employed outside the home [Answer Q2a-2c]
) Student (K-12) [Answer Q2b-2c]
__ 3 Student (University) [Answer Q2b-2c]
4 Operate home-based business [GO TO Q3]
__ (5 Not currently employed [GO TO Q3]
__(6) Retired [GO TO Q3]

2a. In which city do you work?

2b. What method of transportation do you normally use to go to work/school?

__(01) Car/truck—drive alone __(07) Public transit (bus/train/shuttle)
__(02) Carpool (CyRide)

__(03) Vanpool __(08) Motorcycle/moped

__ (04) Walk __(09) Park and Ride

_ (05) Taxi __ (10) Other:

__(06) Bicycle

2c. How many miles is your place of employment/school from your home?
miles

3. On a typical weekday, how many one-way trips do you normally make using the following types of transportation?
Please count all trips completed, including return trips to your home. If you make multiple stops on your way, please
count each destination you visit as a separate trip. For example, if you stop at a gas station on the way to work, this would
count as two trips.

(A) Drive a car/truck alone .......... __ trips
(B) Carpool . ... __ trips
(C) Vanpool . ................ ..., __ trips
(D) Ride the bus/shuttle . . .......... _ trips
(E) Ride a motorcycle/moped . .. .. . .. _ trips
(F) Walk (to a destination) . ......... _ trips
(G)Rideabicycle . ................ __ trips

Source: City Ames, 2014
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Figure 2-25. (Continued)

4. Perceptions of Current Transportation Issues

Please rate your satisfaction with the following:

Ease of north/south travel in the Ames area

Ease of east/west travel in the Ames area

Ease of traveling from your home to city parks and recreation facilities

Ease of traveling from your home to work

Ease of traveling from your home to shopping areas in Ames

Ease of traveling from Ames to other cities in Iowa

CyRide (public transit in Ames)

HIRTA (public transit in Story County, including Ames)

Availability of “on street” bicycle lanes

Availability of “off street” shared use paths/trails

Availability of pedestrian walkways

Availability of parking
Neighborhood traffic safety

Traffic safety on major streets

Flow of traflic on area streets during peak times of day (“rush hours”)

Flow of traffic on area streets at non-peak times

Condition of roadways

Traffic signal operations (signal timing, signal progression, etc.)

Neighborhood “cut-through” activity from traffic in the Ames area

G| w o fw o fa s s o s o s w o v s Very Satisfied
—"—"—"—‘—‘—‘v—"—"—"—‘—‘—‘—'v—"—"—"—‘—‘—*v—VcryDissatisﬁed

]| || [ [ | | [ o | | Satisfied

W w|w|w|w|w|w|w|w|w|w]|w|w|w|w|w|uw]| Neutral
RN N o oo o oo oo o] | | | Dissatisfied

vlv|lv|lv|lv|lvlv|lv|lv|lv|lv|lv|lv|lv|v|lv|lv|wv|wvw|wv| Don’t Know

H| | RPIR| =IO Z|IZ 0| A|=| =T 0= B O0|R >

Speeding traffic on neighborhood streets

5. Which THREE of the items in Question 4 do you think are the MOST IMPORTANT Transportation issues? [Write

in the letters below using the letters from the list in Question 4 in the priority of their importance to youl].

15t znd: 3rd:
6. Overall, would you rate the transportation system in the Ames Area as excellent, good, average, or poor?
(1) excellent
__(2) good ___(4) poor
__(3) average __(9) don’t know

7. Do you feel that congestion at rush hour in the Ames Area is better or worse than rush hour congestion in other
cities of comparable size that you have visited?

_ (1) Better _(3) Same
__ (2) Worse __(9) Don’t know
o < | B
Q Q S
= | = g < |5
8. Parking in the Ames Area B S|E|E| 8 B 3 =
3 3| & o | 2 g = g
Please rate your satisfaction with the following: ms v | Z A >A A
A. | Parking availability in residential areas 5 41312 1 9
B. | Parking availability in the downtown area of Ames| 5 41312 1 9
C. | Parking availability on campus 5 413 |2 1 9
D. | Parking availability in Campustown 5 41312 1 9
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Figure 2-25. (Continued)

PUBLIC TRANSIT IN THE AMES AREA

9. How would you rate the availability of public transit in Ames?
(1) excellent __(4) poor
__(2) good _(9) don’t know

__(3) average

10. Transit Availability in the Ames Area

Please rate your satisfaction with the following:

A. | Availability of information about public transit services

Destinations served by public transit

Distance to the nearest public transit stop from your home

A ||| | Satisfied

v o | o | o] ]| Dissatisfied
—|—|—=|—]|—]| Very Dissatisfied

Wi || v |w| Very Satisfied

w|w|w|w|w| Neutral
w|wv|wv|wv|v| Don’t Know

B
C
D. The frequency of bus service
E

Hours and days transit service is provided

11. Which of the following are reasons that you do not use public transit (CyRide) more often? (check all that apply)
___(A) Service is not available near my home.
__(B) Service is not offered to destinations I visit frequently.
_ (©) Idon’t know how to use the service (need information about routes/fees/schedules).
__ (D) I had a bad experience with the service (treated poorly, arrived late, did not feel safe).
__(E) It takes too long to get to destinations compared to travel by car.
__(F) The service is confusing to use.
_ (G) Service is not offered at the time I need it.
__(H) It’s too expensive.
__(I) Buses do not come by stops frequently enough.
___(J) The bus is too crowded when I need to take it.
__ (K) I'just prefer to drive.
_ (L) Other:

12. How close of a walk (in minutes) would a public transit stop need to be located for you to consider using public
transit instead of a car?
__ (1) 5 minutes
__ (2) 10 minutes
___(3) Other

13. How frequently (in minutes) would a bus or other form of public transit need to be scheduled to arrive at stops for
you to consider using public transit instead of a car?

Every minutes

BICYCLING IN THE AMES AREA

14. Have you ridden a bicycle in the Ames area during the past year?
_ (1) Yes [answer Q14a-f]
_ (2)No [skip to Q15]

14a. How safe do you feel bicycling on major streets?
__ (1) Not very safe
_(2) Safe
___(3) Very safe
_ (9 Don’t know
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Figure 2-25. (Continued)

14b. Have you ridden a bicycle using an on-street bike lane during the last year?
_ (1) Yes
_ (2)No

14c. How safe do you feel bicycling in an on-street bike lane?
__ (1) Not very safe
_(2) Safe
__(3) Very safe
__(9) Don’t know

14d. Have you ridden a bicycle on a shared-use path or trail during the last year?
_ (1) Yes
_ (2)No

14e. How safe do you feel bicycling on a shared-use path or trail?
___ (1) Not very safe
_ (2) Safe
__(3) Very safe
_(9) Don’t know

14f. What is the primary reason why you ride your bike?
__ (1) To commute to school, work, personal business, or shopping trips
__(2) For recreational (fitness, leisure) use
__(3) Both (if both, give the approximate percentages for commuting and recreation)
what percentage of your biking travel is for commuting? %,
what percentage is for recreational biking? %

WALKING IN THE AMES AREA

15. Have you walked along streets in the Ames area during the past year?
_ (1) Yes [answer Q15a-d]
_ (2)No [skip to Q16]

15a. How safe do you feel, walking along major streets?
__ (1) Not very safe
_ (2) Safe
__(3) Very safe
_(9) Don’t know

15b. Have you walked on a shared-use path or trail or sidewalk during the last year?
_ (1) Yes
__(2) No [skip to Q15d]

15c. How safe do you feel walking on a shared-use path or trail or sidewalk in the area where you live?
__ (1) Not very safe
_ (2) Safe
__(3) Very safe
_(9) Don’t know

15d. What is the primary reason for your walking travel?
__ (1) To commute to school, work, personal business or shopping trips
__ (2) For recreational (fitness, leisure) use
__(3) Both (if both, give the approximate percentages for commuting and recreation)

what percentage of your walking travel is for commuting? %,
what percentage of your walking travel is for recreational purposes? %
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Figure 2-25. (Continued)

ROADWAY ISSUES

16. Several intersections in the Ames Area are listed below. Which TWO do you think should receive the top priority
for improvement over the next 5 years? (check up to two items)

(1) South Walnut/Clark & Lincoln Way __(6) Lincoln Way & Duff Avenue
_ (2) South 16™ & Duff __(7) Stange Road & 13th Street
__(3) Grand Avenue & 13th Street __(8) Welch Avenue & Lincoln Way
__ (4) Franklin & Lincoln Way __(9) Other:

_(5) Grand Avenue & 24th Street

GENERAL QUESTIONS

17. For each of the following system enhancements, please indicate whether you would be very supportive, somewhat
supportive, or not supportive. Please recognize that there is an increased cost to some of these elements.

3
LR 2|2
IR R
= -
System Enhancements g § g £l ;t 5
Please rate your support for the following: maa 44 s | A
A. | Having dedicated lanes for bikes on major city streets in the Ames Area 4 312 1 9
B. | Limiting the number of access driveways to retail and commercial locations to | 4 312 1 9
improve traffic flow along major roads in the region
C. | Developing major roads in future growth areas that are designed to let traflic 4 312 1 9
flow at least 45-50 miles per hour
D. | Increase investments in technologies, such as variable message signs that 4 3|2 1 9
inform drivers about traffic conditions and/or sensors that adjust the timing
of traffic signals to maximize traffic flow
E. | Widening existing roads and building new roads to relieve congestion 4 312 1 9
E | Adding more turn lanes at critical intersections to improve traffic operations 4 312 1 9
G. | Installing red light running cameras for enforcement 4 312 1 9
H. | Installing high-tech traffic control equipment to give buses priority through 4 312 1 9
signalized intersections
Support of internet based real time travel information 4 312
J. | Getting access to the interstate on the north side of town 4 3|2 1 9

18. Establishing a vision for updates to long range transportation is vital to shaping the future of the Ames area. How
important are each of the following statements? For each one, please rate them by choosing a number between 1
and 5, where 5 means it is “very important” and 1 means “not at all important.”

SFINEEICE
Elg|g| E£|T¢
) | ¢ | & s | ® o
Importance of Various Issues S|l | Bl &8 &
. O E| E |2 g g
to Transportation Improvements N N R R
A. | Developing a safe and connected multi-modal network, including bikes, 5 413 2 1
pedestrians, transit and autos
B. | Fostering livability and sustainable development 413 2 1
C. | Delivering solutions that preserve and enhance the environment and the 5 413 2
community
D. | Supporting area economic opportunities 5 413 2 1
E. | Maximizing the benefits of transportation investments 5 413 2 1
E | Addressing community health and quality of life 5 413 2 1
G. | Protecting environmental resources 5 413 2 1
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Figure 2-25. (Continued)

19. Transportation improvements are critical, but also costly. The funding for transportation improvements can come
from several sources. Which of the following sources of funding would you most support? For each one, please
rate them by choosing a number between 1 and 4, where 4 means you are “very supportive” and 1 means “not

supportive.”

v | W v E

.g .g - .% S
Sources for Funding Transportation Improvements b 2| & :‘% s & "’é
Please rate your support for the following: 233 |z|zd|A
A. | Increase the gas tax 4 312 1 9
B. | Use of tolls 4 312 1 9
C. | Increase vehicle registration fees 4 312 1 9
D. | Apply a usage fee so that the more you drive, the higher the fee 4 312 1 9
E. | Apply a road impact fee for new developments 4 312 1 9
E | Sales tax increase 4 312 1 9
G. | Apply a congestion fee so that when you drive in rush hour, the fee is higher | 4 312 1 9
H. | Property tax increase 4 312 1 9

20.

21.

22.

23.

24.

25.

26.

Which THREE of the funding sources in Question #19 do you most support? [Write in the letters below using the

letters from the list in Question 19 in the priority of their importance to you].

18t ond, 3rd:

To ensure our survey is representative of the community, please provide the following:

How many persons in your household (including yourself), ages 16 and older, are dependent on public transit or

rides from friends/relatives because they do not have a car or do not drive? persons

How many persons in your household (counting yourself), are?

Under age 5 20-24 years 55—64 years
5-9 years 25-34 years 65+ years
10-14 years 35-44 years

15-19 years 45-54 years

Would you say your total Household income is:
(1) Under $30,000
(2) $30,000 to $59,999

(3) $60,000 to $99,999
(4) $100,000 plus

Which of the following best describes your race? (Check all that apply)
(1) African American/Black (4) White/Caucasian
(2) American Indian (5) Other:
(3) Asian/Pacific Islander

Are you currently a student at Iowa State University?
_ (1) Yes
— (2)No

Your gender:
_ (1) Male
_ (2) Female

This concludes the survey. Thank you for your time!

Please Return Your Completed Survey in the Enclosed Postage Paid Envelope Addressed to:

ETC Institute, 725 W. Frontier Circle, Olathe, KS 66061
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Reported response rates for various household survey methods vary by the data collection strategy employed by the
planner. In general, response rates for the three major survey types are about 90 percent for face-to-face interviews,
50 percent for telephone surveys, and less than 30 percent for mail-back surveys.

Once the interviews have been completed, the travel data are coded by origin and destination. Each trip end (origin
or destination) is coded to the zone where it occurred. The data are then expanded to the full sample by a zonal
factor that is calculated by dividing the total number of dwelling units in the zone by the actual number of interviews
successfully completed. Other factors are used to convert the data to an average weekday. Further adjustments are
made by determining the total number of trips crossing screenlines established in the study area. The survey results
are compared to the screenline counts and correction factors are developed.

Workplaces and Major Trip Generators. Surveys of travel patterns and trip rates of major traffic generators can
obtain targeted information about the non-home end of a trip. The surveys can involve intercept or cordon counts of
people entering, leaving, and accumulated within the activity center by mode and time of day. They may also include
interviews with a sample of the visitors or workers. Survey forms are distributed to employees at their place of work
and are usually administered as self-completed forms.

Transit Surveys. On-board transit surveys are usually distributed to passengers as they board a bus or train. Forms
are completed by passengers and deposited in a collection box or returned by mail. Response rates range from 15 to
40 percent, varying by type of rider. In some cases an interviewer using a handheld computer or tablet can conduct
the survey interactively to increase the quantity and quality of responses.

Internal Truck and Taxi Surveys. A separate survey instrument is used to collect information on the movements
of trucks and taxis. Vehicles are grouped into classes for which separate analyses are desired (large trucks, small trucks,
taxis). For each vehicle class, a sample size is selected based on the market share of the vehicle class to all commercial
vehicles in the study area.

Information for taxis is obtained on garage address, description of vehicle, and trips made on a given day. Trip infor-
mation includes origins and destinations; time of start and end of trip; and number of passengers (for taxis).

Truck surveys may be conducted in urban areas to determine local trip-making patterns. Other truck surveys are
conducted to allow analysis of long-distance trips. The former are often done as trip diaries. The latter are often
intercept surveys.

Survey accuracy is checked by comparing travel patterns across screenlines with actual ground counts on an
hour-by-hour basis. Transit ridership as determined from surveys should also be compared with transit agency records
and transit line ridership. Work trips to and from major employment centers can be compared with estimates of the
number of people employed in the zone. Allowance should be made for absenteeism.

G. Parking Needs Studies

The objective of most parking studies is to establish existing and future parking needs by comparing parking supply
and demand. The studies obtain information on, (1) parking supply characteristics, such as the number, location,
and cost of spaces, or who provides the spaces; (2) occupancy turnover and use of spaces; (3) parker characteristics,
including when, where, why, and how long people park and where they are going; and (4) parking space demands and
needs for existing or new developments. Parking studies often result in recommended facility locations, conceptual
designs, costs and revenues, and financing plans (see chapter 11 for more information).

The key study steps include: (1) defining the study area, (2) conducting a parking space inventory, (3) determin-
ing parking occupancies (accumulations), (4) computing parker durations (length of stay) and parking space turnover
(parkers per space per day), (5) obtaining basic characteristics of parkers (purpose, fee paid, destination), and (6) com-
paring parking supply and demands. Step 5 involves interviews with parkers and is normally done as part of a
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comprehensive parking study. Alternately, a more limited parking study can be performed in which parking demands
are obtained by applying demand data for similar land uses, or by prorating the peak parking accumulation based on
the distribution of floor space or employment among areas.

1)

2)

3)

4)

5)

Study Area Definition. The first step in a parking study is to clearly define the study area. This area should
include the traffic generators of concern and surrounding areas within a reasonable walking distance. It
should include areas of current problems along with areas that might be affected by growth and change. Each
block in the study area should be uniquely identified. Parking analysis zones may include these individual
blocks (or groups of blocks) and then be aggregated to districts. Block faces can be numbered from one
to four clockwise around the block, with the number one block face being on the north side of the block.
Off-street facilities should be keyed to blocks and can be numbered from five up.

Parking Space Inventory. The existing on-street and off-street space supply should be inventoried by type of
space. Curb spaces are usually classified by type of parking permitted—unrestricted spaces; truck, taxi, or
bus loading zones; time-limit parking zones; and metered spaces by time limit. Off-street facilities and spaces
are classified by type (lot or garage), availability (open to general public or restricted) and ownership (public
or private).

Peak Parking Occupancies. Parking occupancy (or parking accumulation) studies determine the number of
parking spaces occupied at various times of the day and identify the periods of peak use. Observations of
curb and off-street space usage are made at regular intervals throughout the day. Curb space occupancy
of parked vehicles should be done by block face. The number of occupied legal parking spaces, as well as
commercial vehicles in loading zones and illegally parked or double-parked vehicles, should be counted. In
small study areas, the observer can obtain these data by walking through the targeted sites. In larger study
areas the observer may drive. Often there is both a driver and an observer present to count and record the
information. Using two people in the car allows more area to be covered. In more modern parking garages,
where sensors identify the number of parking spaces available, surveillance sensors can be used to determine
space occupancy.

It may be difficult to observe parking occupancy at large parking areas with frequent evening operations,
such as those found around stadiums and regional shopping centers. In these cases, counts of vehicles entering
and leaving by time period are necessary. Figure 2-26 shows how parking utilization is represented in a typical
parking study.

Parking Durations and Turnover. Parking durations (the time parked at a given parking space) and
turnover (the number of vehicles parked in that space throughout the study period) are useful in parking
management activities. They provide a basis for changing time limits or rates, focusing on enforcement,
and removing curb parking. Information can be obtained by recording license numbers throughout the
study period.

Parker Characteristics. Characteristics of parkers are obtained at the parking location either by parker inter-
views or by postcard mail-back surveys. The interviews are designed to obtain information on where people
park, trip purpose and frequency, trip origin, primary destination, length of time parked, parking fee paid,
arrival and departure times, and distance walked from parking space to primary destination. The data are
used to calculate the parking demand of an area on a block-by-block basis. Occupancies, durations, and
turnovers can also be obtained at the same time. Interviews are sometimes conducted at representative sam-
ples of curb and off-street parking facilities. To reduce costs, an area may be subdivided and the interviews
spread over several days.

Surveys of visitors and employees at specific major generators, such as office buildings, shopping centers, hospitals,
and industrial plants, provide important ancillary information about travel modes, trip origins, travel attitudes, and
pedestrian flows. Employee information is usually obtained by employers and visitor information is usually obtained
through direct interviews. Where offices constitute most of the space in a mixed-use development (such as in the
downtown), restaurant and retail shops may draw workers for their patrons. Estimating the proportions of primary
and secondary destinations requires direct interviews with patrons. The interviews should obtain information on trip
purpose, travel mode, and whether the destination is primary or ancillary; they can be conducted at entrances to a
trip generator.

Chapter 11 provides more detail on parking studies.
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Figure 2-26. Example of Parking Utilization, Portland, Oregon
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V. MODAL STUDIES

Transportation planning often focuses on specific modal issues, such as transit service planning, parking studies,
pedestrian and bicycle analyses, and freight movement. Each of these topics is covered in more detail in other chapters
of this handbook. However, some of the important data collection issues associated with these studies are discussed

below.

A. Transit Studies

Transit studies usually focus on the qual-
ity of existing services and help establish
the need for service improvements. They
also include operations planning for a given
route, comprehensive operations analysis,
short-range transit development programs,
and major transit investment studies. The
studies develop information used to analyze
the extent of usage, problems of traffic flow
and safety, riding patterns, and traveler atti-
tudes. Data are collected for a sampling of
routes and coach runs, recording boardings
and alightings by stop by time of day.

Figure 2-27 illustrates a study design for
a short-range transit operations study often
called a comprehensive operations analy-

sis (COA). Note the importance of both
technical analysis and input from agency

Figure 2-27. Comprehensive Operations Analysis Study Design, Santa
Clara Valley Transportation Authority, California
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Source: Santa Clara Valley Transportation Authority, 2009
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Table 2-12. Common Public Transportation Study Data Items, Uses, and Collection Methods

Data Item Uses Study Method

Load at peak point or other key point | Scheduling, planning Point check, ride check

Running time and delay Scheduling, planning Ride check, trail car

Schedule adherence at specified points | Scheduling, evaluation, control Point check, ride check, trail car

Boardings Scheduling, evaluation, planning, Driver study, ride check

reporting

Distribution of boardings by fare Planning, marketing Driver study, ride check

category

Boarding and alighting by stop Planning Automatic data collection equipment,
ride check

Passenger miles or kilometers Evaluation, reporting Automatic data collection equipment,
ride check

Passenger characteristics and attitudes | Planning, marketing Survey

Passenger origin and destination Planning, marketing Special ride check, survey, inferred

pattern along route from automatic data collection
equipment, point check, ride check

Source: Urban Mass Transportation Administration. 1985

leaders. Table 2-12 lists some of the common transit data items and the methods used to collect the necessary infor-
mation. Additional details on transit studies are described in chapter 12.

1.  Transit Inventories

Inventories supply essential background information for a transit service analysis. Data include transit network maps;
locations of all shops, transfer points, and garages; schedules indicating frequency and hours of service on each route
and travel times between various points in the network; a list of the rolling stock supplying the service showing its
capacity, age, and condition; and the list of fares.

2. Service Coverage

Service coverage analysis indicates how well the existing (or planned) route network covers the population within the
transit area. Typically, areas within one-fourth to three-eighths of a mile of a bus route (or within one-half mile of
a rail station) are delineated, and the population within these areas is estimated. The service area population within
the specified walking distance is termed the population coverage. This concept can be extended to include coverage of
employment. The proportion of the service area population within a given distance of a transit stop and also within
a specified distance of a workplace represents a total coverage value.

3. Ridership Counts

These studies provide information on passenger boarding and alighting, vehicle loads, and schedule adherence. Such
counts are useful in planning services, including the adjustment of routes and schedules, establishing bus stop loca-
tions, restricting turns along transit routes, adjusting street patterns and curb parking regulations, and developing
transit priority measures, such as bus lanes and tragic signal priorities. Two major types of passenger counting strategies
are common in the transit industry.

e Point Checks. Point checks obtain data on the number of passenger boardings and alightings and the loads
on vehicles at one or more transit stops along the routes surveyed, usually the busiest stops. They may also
include studies of dwell times and passenger service times. Point checks are conducted by individuals stationed
at transit stops who count passenger movement when vehicles arrive. They may also collect data on transfers
where multiple routes intersect.

* Ride Checks. Boarding and alighting checks can be performed along an entire transit route by direction of
travel and time of day. This makes it possible to develop a profile of passenger loads by location and to
compare these levels with the seats that are provided. Ride checks are conducted by individuals riding transit
routes and making counts of passenger movement along the route.
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4. Automated Ridership Profiles

Modern transit systems have incorporated automated sensors in vehicles and fare turnstiles that can be used to collect
data on ridership. Often referred to as automatic passenger counters (APCs), these data provide reliable estimates of
boardings and alightings, as well as a ridership profile along the entire route.

B. Pedestrian Studies

Pedestrian studies are used for a variety of purposes in transportation planning. They are used to establish
safe-route-to-school maps for elementary children, establish the need for traffic controls, and adapt controls to better
serve pedestrian movement. The studies provide a basis for sidewalk improvements, and they help justify pedestrian
and transit malls, pedestrian skywalks, overpasses, tunnels, escalators, and moving belts. They are especially important
in designing access to major pedestrian generators, such as urban stadiums, convention centers, and downtown
developments that generate large pedestrian movements. They are also useful in designing access to and within transit
stations and terminals and in developing plans for sidewalk amenities and public open spaces.

An aging population requires more emphasis on providing pedestrian facilities and in changing some of the parameters
(such as walking speed) that are traditionally used in pedestrian analyses. The provision of special aids for handicapped
persons (wheelchair ramps at intersections or to supplement stairs, audible traffic signals for the blind) has become an
important aspect of the urban planning process.

Pedestrian studies include: (1) studying pedestrian volumes, speeds, and capacities; (2) establishing needs for traf-
fic controls; (3) surveying pedestrian trip origins, destinations, trip purposes, and walking distances; (4) developing
pedestrian trip generation rates; (5) obtaining pedestrian attitudes and perceptions; and (6) analyzing pedestrian
behavior and space-use patterns. Detailed study procedures for obtaining and analyzing pedestrian volumes, walk-
ing speeds, needed gap sizes, and conflicts are contained in the ITE Manual on Transportation Engineering Studies
[2010]. Chapter13 also provides more information on nonmotorized transportation.

Pedestrian volume and flow studies may be expressed in terms of volume (persons per hour), flow rate (persons per
minute per meter or foot), spacing (square meters or feet per person), or walking speed (meters or feet per minute).
Speed, flow rate, and density are interrelated. As flow rates on a sidewalk, crosswalk, passageway, ramp, or stairs
increase, walking speed tends to decrease. After the flow rate reaches its maximum, density continues to increase
toward a jam density or crush density, and flow rate and walking speed approach zero.

Most pedestrian counts are made manually. This can be labor-intensive, so the hours of data collection should be cho-
sen carefully. Short-term sample counts may be used and then expanded to provide estimates for the period surveyed.
Counts generally should be recorded in 5-minute intervals.

1) Flow Rates and Capacities. Pedestrian capacity depends on the effective walkway width. This effective width
includes deductions of 6 inches (0.15 meters [m]) or more to account for buildings, curbs, window dis-
plays, and other street furniture (poles, parking meters, planters, bicycle racks, newspaper racks, benches,
bus shelters). Pedestrian capacity and level of service (LOS) analyses are based on pedestrian spacing, the
square footage of effective space per person. This is the reciprocal of density, pedestrians per square feet. LOS
standards express spacing in terms of square feet per person per minute.

2) Walking Speeds. Pedestrian walking speeds vary by LOS or density by area and by groups of people. Studies
have shown walking speeds ranging from about 2.2 feet (0.7 m) per second to more than 5 feet (1.5 m) per
second. Many engineers have used 4.0 feet (1.2 m) per second in traffic engineering analyses. However, there
is a growing tendency to use 3.3 feet (1.0 m) per second as a general value, and 3.0 feet (0.9 m) per second
or 3.25 feet (1.0 m) per second for specific applications such as facilities utilized by elderly or handicapped
people. Walking speeds below 3.0 feet (0.9 m) per second should not be used.

3) A special pedestrian walking speed study is sometimes desirable to define an appropriate value to be used in
an area under study. Such a study should have a defined distance delimited along the path traveled by the
pedestrian population under consideration. Individual pedestrians are timed as they pass through the “trap.”
A sample of approximately 100 pedestrians is sufficient. The sample should be collected during the timeframe
of interest (for example, peak hour, noon, or afternoon). The data are plotted in a cumulative percentage
curve. The fifth-percentile value is usually the appropriate value to use for traffic control and safety purposes.
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4) Door Counts. Counts of people
entering and leaving buildings,
stores, off-street parking facilities,
and transit terminals provide a basis
for (1) establishing person-trip
generation rates and (2) expanding
sample interviews at the same
locations. The counts should
be made during the a.m. peak,
noon time, and p.m. peak periods
for developing trip rates. When
keyed to interviews, they should
normally be conducted from 7:00
a.m. to 6:00 p.m. Trip rates are
obtained by relating the pedestrian
volumes to the characteristics of
the activity surveyed, such as floor
space and employment (if only
exiting pedestrians are counted,
the surveys could be done from
10:00 a.m. to 6:00 p.m.).

C. Goods Movement Studies

Goods movement involves the collection and
distribution of raw materials and finished
products. Freight is handled by truck, train,
ship, and pipeline with small amounts of
high-value cargo going by air. The scale, types,
and patterns of goods movement vary widely;
studies should be keyed to specific needs.
They generally involve obtaining information
on (1) types and magnitudes of commodities
shipped, (2) modes of conveyance utilized,
(3) origins and destinations, (4) shipment
and terminal travel times, (5) loading and
berthing requirements, (6) daily and hourly
variations in shipments, and (7) frequency of
shipments. Where trucks are involved, their
number, type, weight, commodities carried,
and use of roadways are important. Chapter
22 provides more detailed information on
freight analysis.

At the local level, goods movement studies
are usually undertaken in response to specific
problems. Figure 2-28 shows the types of data
that are used in transportation planning stud-
ies.

1. Intercept Surveys

Truck operators can be interviewed at a
cordon line around an urban area, often as
part of a comprehensive transportation plan-
ning study. The surveys should identify the
volumes and types of commodities moving
into and through an area, the destinations
of these commodities, and the types
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Figure 2-28. Freight Data and Uses for Transportation Planning
at Freight Node and Network Levels
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of vehicles involved. The Port Authority of New York and New Jersey, for example, conducts commodity surveys of
vehicles crossing the Hudson River and Verrazano Narrows Bridge on a periodic basis. Intercept interviews can be
conducted at truck weight stations. Where these are located near the cordon line, there is usually space for trucks to
pull out for interviews.

The following factors must be considered when conducting intercept surveys:

Type of Interview. These can be conducted as brief one-on-one interviews, or where time is an issue, mail-back
postcards can be distributed to willing participants.

Traffic control. When conducted at businesses, data collectors are usually stationed at loading docks to conduct
interviews while trucks are being loaded/unloaded to minimize the impact on traffic operations. At weigh
stations, truck stops, and rest areas, drivers are directed to a defined area in which all interviews are conducted.
Some interviews, however, are conducted at points along a road or at an intersection.

In these instances, traffic control measures must be put into place to maintain efficient operations for all
vehicular traffic. Coordination with law enforcement may be necessary if safety and traffic control assistance
is needed. Traffic speeds may need to be reduced to ensure the safety of data collectors. Advanced warning
signs also help improve safety for both the motoring public and those involved in the data collection process.

Data collection equipment. Interviews can be conducted using a variety of equipment. The most common data
collection tools include paper surveys and handheld computers. The surveys developed for driver interviews
are designed to be easily completed in less than three minutes to minimize the impact on the participating
commercial vehicle operators.

Sampling plan. Most truck studies do not have the budget available to collect data on every corridor, for all
periods of the day, week, and year. Therefore, a sampling plan must be developed to capture an adequate
amount of representative data. Goals of the sampling plan should be to provide geographical coverage of the
study area, to collect adequate time-of-day and time-of-year data, to capture both intra-regional (internal to
internal) and inter-regional (internal to external, external to internal and external to external) trips.

Data expansion. Recognizing that a 100-percent sample cannot realistically be gathered at most locations, it
is necessary to expand the records collected to represent the full traffic stream. To represent the total truck
traffic, expansion factors can be applied to the survey results. These expansion factors can be established by
comparing the number of trucks surveyed during an hour to hourly count data provided by the jurisdiction
or collected for the project.

2. Interviews
Interviews conducted with shippers, carriers, building owners, and managers/tenants at terminals can provide detailed
information of goods movement characteristics and problems.

Building owner/manager/tenant interviews should obtain information pertaining to:

Building use—floor space by use (for example, retail, warehousing, office), number of tenants, percentage
occupied, number of employees, and so on.

Delivery restrictions—restrictions imposed by the building owner relating to hours of delivery and types of
vehicles.

Delivery reception—location at which delivery and service vehicles park, off-street loading facility availability
and utilization, location of freight elevators, and the like.

Delivery variations—variations in deliveries by hour, day, or month.
Enforcement—building actions taken to assure proper usage of the available loading space.
Size and types of shipments.

Origins and destinations of goods shipped or received.

Procedures for handling mail and trash.

Particular problems noted or experienced.

Reaction to various alternative solutions.
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Truck owners and operator interviews can obtain information on trip patterns. A sample could be selected from
vehicle registration data; the percentage of total registered truck owners interviewed should range from 1 to 5 percent,
depending on the truck classification. Information should be obtained on license owner and location where the vehicle
is based, axle arrangement and body style, cargo specialty, commodities carried, trips and stops made, and related travel
information.

Questionnaires can be distributed at for-hire truck terminals and followed up with in-depth interviews. The same
procedures can be followed for major rail, marine, or air cargo terminals. Interviews could obtain information such
as the following:

¢ A detailed description of the routine operation of the terminal, including hours of operation, workflow,
volume fluctuations, and types of commodities carried in the areas served.

o A description of operational characteristics of the terminal, including capacity, number and types of trucks
and rail cars served, and special equipment used.

e 'The types of records maintained at the terminal that might be used in a comprehensive goods movement
survey, including shipment patterns and commodity characteristics.

o Particular problems noted or experienced.

e Reaction to various alternative solutions.

Businesses with heavy truck activity can be another great source of information on truck travel characteristics. Infor-
mation from these establishments regarding the type of services provided, the number of trucks in operation during
a typical weekday, and their fleet composition can be used to expand data collected through intercept surveys. These
interviews can be conducted in person or via telephone.

By targeting key stakeholders in the trucking industry, planners can capture vital information about the movement
of goods through an area. This data collection tool has two major components:

Defining Stakeholder List. To best understand how trucks move through an area, the stakeholder interview process
must target individuals from a variety of industrial categories, business sizes, and geographic locations.

Developing Interview Guidelines. The types of questions asked during this process depend on the purpose of the
study and the individual stakeholder being interviewed. The general form of these interviews should be free-flowing,
in-person discussions that elicit insight from respondents. Topics of discussion often include supply chain structures,
operational information, and the challenges/advantages of operating in and around the study area.

3. License Plate Capture

This method is generally used in combination with the previously described techniques. Video cameras are used to
capture license plate information at multiple locations around the perimeter and within a given study area. Information
collected at these sites are analyzed and compared against each other to generate travel pattern information. Travel
times can be compared to determine whether or not stops were made between detection locations. The following are
critical components of any video license plate capture assignment:

Site Selection. The purpose of the study usually determines the selection of data collection points. Generally,
cameras would be placed at entry/exit points of the study area.

Camera Placement. Depending on the company conducting the data collection, video camera placement
varies. Some data collectors place their equipment on overpasses, angled down to capture vehicles passing below.
Recently, some companies have tried other techniques, such as placing cameras inside traffic barrels on the side of
the road.

Data Processing and Transcription. The method used to process the license plate data can vary greatly depending
on the magnitude of the project and the budget available. License plate collection can be as simple as setting up a
camera and manually recording the license plate numbers from the video output at each collection location. The
recorded data would then be compared between locations to analyze travel patterns. For larger-scale projects, the data
processing can be accomplished by fully automated systems, which collect the license plate data, process it, and store
it in a database for analyses.
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4. Loading and Unloading Studies

Studies of loading deck operations are used to determine space requirements and geometric design criteria. These
studies investigate occupancy and dwell times often by land use type. The information provides a basis for establishing
desirable on-street and off-street loading space.

There is a growing body of information on goods movement at the national, state, and local levels. The reader is
referred to the Transportation Research Board’s Guidebook for Understanding Urban Goods Movement. [Rhodes et al.,
2012] Many metropolitan areas have conducted freight or goods movement studies; an Internet search on “urban
goods movement” will provide the reader with many examples of how such studies are conducted as well as data on
freight flows for individual metropolitan areas.

5. Truck Weight Studies

Information on truck weights is collected for many purposes, including pavement design, revenue estimates, motor
carrier enforcement, highway cost allocation, and other planning and engineering activities. Vehicle weights are
reported by motor freight companies as part of their reporting requirements. The recipients of this information vary
by state, but the state motor vehicle department is usually the agency that collects this information through the vehicle
registration process.

Roadside weight checking is conducted with either permanent or portable scales, usually as part of an enforcement
program. Following the changes in trucking regulations in the 1980s and the resulting changes to fleet mixes, truck size
and weight studies are often conducted to evaluate the impact on types of trucks being used on pavement performance,
geometric requirements, and changes in industry efficiencies. Depending on the analysis to be conducted, the data
collection method should consider ADT, percent trucks, percent trucks by type, percent trucks by commodity, interstate
versus non interstate trips, site suitability, and nearby alternate routes. Static scales are required to certify truck weights
and to establish a legal basis for identifying violators. This requires special truck access to avoid any spillback on the main
travel times. Weigh-in-motion (WIM) scales are used to determine if a truck is traveling within a reasonable range of
legal weight limits. Information collected may include gross vehicle weight, axle weight, and tandem axle weight. WIM
scales are often found at permanent truck weigh station sites, but they are used by some agencies in a roving mode.

6. Global Positioning System (GPS)-Based Data Collection

Recently, GPS technology has been used to improve the accuracy and amount of data collected in truck studies.
In-vehicle devices can accurately combine time-coding and location data with user input about trip characteristics.
All data collected by these units can then be easily input into geographic information system (GIS) maps, producing
visual displays of route choices and travel patterns. This type of data is increasingly used in statewide and metropolitan
freight studies. Chapter 22 on integrating freight concerns into the transportation planning process provides more
detail on this new approach toward collecting data on truck movements.

VI. STATISTICAL CONSIDERATIONS

If cost and time were not important, traffic data collection would likely collect as much data as possible. However,
as previously noted, substantial resources are often allocated to collecting the necessary data to conduct a variety of
planning studies. Accordingly, data are often collected based on samples that have required levels of precision and
error allowance. Statistical analysis methods are essential in this effort. They can address questions such as how to best
characterize the distribution of travel times, speeds, or land uses; what sample sizes are needed at a specified level of
accuracy to estimate shopper origins at a major activity center; or how to establish predictive relationships between
land use and trip generation.

Transportation planners work with data and statistics on a variety of tasks, with the complexity depending on the
application. It is beyond the scope of this chapter to present a detailed discussion of the statistical tools used by
transportation planners. Interested readers are referred to [Washington et al., 2003; ITE, 2010]. However, statistical
sampling is one area where transportation planners use statistics that merits some attention.

A. Sampling and Inference

Sample procedures make it possible to show inferences about a population. By sampling a small representative fraction
of the entire population, it is possible to estimate characteristics that represent the population as a whole with enough
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accuracy to base decisions on the result with a reasonable level of confidence. Sampling procedures involve establishing
confidence intervals, estimating sample sizes, and comparing various groups. They make it possible to address such
questions as the following: How good are the results? What sample sizes are needed? Are the differences between two
sample means or variances statistically significant?

The following principal steps in conducting a survey show how sampling is part of the effort.

1)
2)
3)
4)
5)

6)

7)

8)
9)
10)

11)

Clearly state the objectives and reasons for the survey.
Define the population of interest to be sampled.
Identify the data to be collected.

Establish the desired degree of precision.

Determine the methods of measurement (for example, household telephone survey versus home interview
survey).

Construct the sampling frame for the population to be sampled. This frame should cover the entire popu-
lation to be sampled, and each individual element must appear only once on the list.

Select the sample design and sampling plan. This includes initial estimates of sample size and precision, as
well as time and cost implications.

Pretest the survey instrument (questionnaire) and modify it as necessary.
Organize the fieldwork and collect the data.

Summarize, analyze, and interpret the data. Clearly indicate the amount of error that is expected in the
most important elements.

Preserve the information assembled for future surveys. Quantifying key parameters, such as the variances,
will prove useful in preparing future survey designs.

1.  Types of Samples
The common types of probability sampling include: (1) simple random sampling, (2) stratified random sampling,
(3) systematic sampling, and (4) cluster sampling.

1)

2)

3)

Simple random sampling. This is the simplest and most widely used form of sampling. A simple random
sample from an infinite population is selected in such a way that all observations chosen are statistically
independent. A simple random sample from a finite population involves selecting n units out of the popula-
tion, N, so that each individual element has an equal chance of being selected. In practice, a sample is drawn
unit by unit. A table of random numbers might be utilized. For telephone surveys, random digit dialing
procedures can be used.

Stratified random sampling. A stratified random sample is obtained by dividing the population into classes
or strata and then selecting a random sample from each strata. It is useful where there are wide variations
among strata and stratification would reduce overall sample size requirements for any given level of precision.
It makes it possible to obtain data of known precision for certain subdivisions of the population (for example,
travel times on freeways and arterial streets). Stratified random sampling is also commonly used in urban
travel behavior studies where it is important to set minimum quotas for subgroups of individuals that appear
infrequently in the population, are difficult to interview, and/or are important to model for policy analysis.
For example, in urban travel studies, with stratification, it is common to oversample low-income households
and current transit users.

Systematic sampling. A systematic sample draws every kth element of the sampling frame beginning with a
randomly chosen point. For example, if the first unit is 13 and every 15th unit is chosen, then units 28,
43, 58, and so on would be selected. Systematic samples are easier to obtain than simple random samples
in terms of time and cost. If spread more evenly over the population, this approach may be more precise
than simple random sampling. However, systematic samples may give poor precision where periodicity in
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the data exists. An example of this is the railway bill sampling because sequentially numbered forms are
drawn from multiple supplies simultaneously, which increases the likelihood of low numbered forms.

4) Cluster sampling. Cluster sampling divides the population into a series of mutually exclusive classes that are
usually defined based on convenience. Clusters are then selected for detailed study, usually by some random
basis. Either a complete census or a random sample is obtained from each of the selected clusters. Results
are then combined. Cluster sampling is useful when there are no reliable lists of elements in the population
or because of the ease of constructing lists of sampling units and time-and-cost efficiencies. However, cluster
sampling usually results in higher sampling errors than other kinds of surveys. For a given level of precision,
stratified samples require the smallest sample and cluster samples require the largest.

2. Errors in Sampling

When estimates are made from a sample, it is not likely that the sample estimate will be exactly the same as that
obtained from a complete census. The difference between the two represents the sampling error, if both the sample
data and population data are obtained by identical methods. When probability samples are used, the amount of this
sampling error can be determined.

Non sampling errors may exceed sampling errors, and they should be minimized by careful survey design and exe-
cution. They include errors associated with measuring a unit (for example, trying to estimate standees on a crowded
subway train); errors introduced in editing, coding, and tabulating surveys; and failure to measure some units in the
sample (for example, nonresponse to the survey).

Nonresponse errors include failure to survey particular units of the sample (that is, people who refuse to be interviewed,
are not at home, or are unable to answer). In these cases, there is no assurance that the nonrespondents would respond
similarly to those sampled. The nonresponse can be minimized by the method of survey (for example, direct interview
versus mail back) and by call back. In estimating sample sizes, it may be desirable to oversample various segments of the
population surveyed to compensate for nonresponse. While this will address the sampling error, it may not necessarily
compensate for nonresponse bias. Table 2-13 shows typical response rates for surveys.

3. Household Travel Survey Recruiting and Sample Size Determination’

Since 2010, most regional household travel survey recruiting methods typically use an address-based sampling (ABS)
approach. Under this design, the sample frames are selected from the United States Postal Service (USPS) Computer-
ized Delivery Sequence File and are geocoded once the sample frame is generated and invitation letters are mailed. An
ABS frame supports both simple and stratified random sampling. The fact that all samples are geocoded makes it possi-
ble to obtain surveys that are geographically representative or, through the use of Census geographies, develop targeted
strata using data from sources such as the American Community Survey (ACS). Targeted strata include households
with possessing certain characteristics of interest such as zero-vehicle, large, or minority households, for example.

Table 2-13. Response Rate Comparison to Surveys

Final Response
Study Year and Participation Rate
Massachusetts Travel Survey 2010-2011 34.6%
ARC Regional Travel Survey 2011 5.9%—-34%
CALTRANS HH Travel Survey 2011 5.5%
ARC Regional Travel Survey Pre-Test 2010 11%-31%
Central Indiana Full Study 2010 41%
Oregon Full Study — Region 4 2009 39%
Oregon Full Study — Region 2 2009 44%
Central Indiana Pre-Test 2008 10%—-36%
Oregon 1-day Pre-Test 2008 15%—-46%
Chicago Full Study 2007-2008 10%-31%
Chicago Pre-Test 2006 9%-29%

Source: Massachusetts DOT, 2012

2This section was written by William Bachman, Westat, Inc.
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Households are typically offered the opportunity to self-recruit using a web survey, and conduct a computer-assisted
self-interview (CASI), or to call in and complete the survey by phone with a trained survey interviewer/data collector
who uses a computer-assisted telephone interview (CATT). Reminder postcards are also sometimes mailed to reiterate
the message encouraging participation on the original invitation letter and promote survey response. Once recruited
and assigned a travel date, households again have a choice to report their travel (retrieval survey) via CASI, through a
mobile device application, or by CATI.

A travel survey for the Massachusetts DOT provides a good example of how a geographically based sampling strategy
is required to provide a statistically valid survey result. Figure 2-29 shows the households sampled in the state to obtain
survey results. A geographic stratification scheme was used to ensure adequate representation of households by MPO
regions and municipal density groups. A demographic stratification was also used to set demographic controls and
monitor the performance of the sample against these controls. [MassDOT, 2012]

The determination of survey sample size and demographic stratification is entirely dependent on existing models or
the development of more advanced models (for example, activity-based models) and/or other transportation plan-
ning activities. Traditional four-step models typically require a representative sample (that is, that closely matches
U.S. Census distributions) of socio-demographic categories (household income, household size, vehicle ownership,
etc.) as well as an even geographic distribution (see chapter 6 on travel demand modeling). More advanced mod-
els require significantly more complex sampling stratification to ensure that certain categories, such as transit riders,
are adequately represented. For example, Asheville, North Carolina, conducted a travel survey in 2013 to support
a traditional four-step model and the main survey objective was to ensure that enough surveys were completed for
households that matched U.S. Census distributions. With those targets in mind, the survey team used U.S. Census
data and local demographic information to recruit participants in the Asheville region. Recruiting invitations were

Figure 2-29. Households Recruited for Massachusetts DOT Survey
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Table 2-14. Sample Stratification Table: A Typical Example

Number of Workers
0 1 2 3+ Totals

Hhld |# of % of |Survey|# of % of |Survey|# of % of |Survey|# of |% of |Survey|# of % of |Survey
Size |Hhlds. |Total |Goal |Hhlds. |Total |Goal |Hhlds. |Total |Goal |Hhlds.|Total|Goal |Hhlds. |Total |Goal

78,403(11.1%| 777 {109,598(15.5%| 1,087 0 N/A 0 0 N/A| 0 [188,001| 26.6%|1,864
2 62,293| 8.8%| 618 85,659{12.1%| 849 | 82,855|11.7%| 821 0 N/A| 0 |230,807| 32.7%|2,288
3 12,702 1.8% 126 41,419| 5.9%| 411 | 44,695| 6.3%| 443 |12,195 1.7% 121 111,011| 15.7%]1,101

4+ | 11,838 L7% 117 G2,799| 8.9%| G623 | 69,285| 9.8%| 687 [32,296 4.6% 320 176218] 25.0%]|1,747
Torals |165,236]23.4% | 1,638 [299,475|42.4%] 2,969 [196,835(27.9%] 1,952 |44,491[6.3%| 441 [706,037]100.0%]7,000

mailed to participants and successful recruiting characteristics were monitored to ensure that adequate samples were
collected in all category combinations and in all geographic areas.

In addition to a geographic (for example, by county, jurisdiction, modeling subareas) representation, planners want
to have a representative sample relating to socioeconomic characteristics. Table 2-14, for example, illustrates a sam-
pling stratification table for a household travel survey conducted in the Las Vegas region. The highlighted cells were
combined, which is typical when the individual targets are small and it would be very difficult to achieve the goals
(for example, a three-person household with three workers).

Travel surveys are sometime funded by multiple agencies resulting in more complex sampling requirements. To meet
the needs of both the Michigan Department of Transportation (MDOT) and the Southeast Michigan Council of
Governments (SEMCOG), a recent statewide survey required a sample plan that met both a statewide geographic
distribution among 21 sampling areas as well as a sampling stratification with three variables specific to the SEMCOG
region (vehicle ownership, household size, and number of workers). Other variables, such as travel mode, may be
monitored to ensure that enough samples are collected to support the development of model algorithms.

VII. SUMMARY

Transportation planning depends on collecting and analyzing data, both on the transportation system and on sys-
tem users. Understanding the basic characteristics of urban transportation systems is fundamental to discerning the
challenges these systems face today and will likely face in the future. Similarly, knowing the underlying variables
that influence urban travel, such as population characteristics and resulting travel patterns, is a basic foundation for
analyzing the likely consequences of strategies to influence travel behavior.

This chapter presented an overview of the data collection and analysis procedures that are commonly used in trans-
portation planning. Data are essential to the transportation planning process, and it is, thus, not surprising that a
large portion of the budget for transportation planning studies is often devoted to data collection. Given the expense,
transportation analysts often adopt different strategies for collecting or updating already collected data for use in a
particular study. These procedures are often based on sampling techniques that collect data on representative samples
of a target population. This means that the transportation analyst must understand sampling methodology and the
appropriate use of different survey techniques.

In addition, both federal and state transportation agencies often have data manuals that guide the collection and analysis
of data. It is beneficial to read these manuals for a particular jurisdiction prior to undertaking a data collection effort.
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Land Use and Urban Design’

. INTRODUCTION

ne of the major reasons often stated for investing in the transportation system is to promote economic

development. The link between economic development and transportation is founded on the accessibility

provided by transportation to the daily social and economic activities in a community. However, this acces-
sibility influences more than just economic development. In a much broader sense, system accessibility influences all
forms of interactions. In the context of this chapter, accessibility affects where industries and services locate, where
people live, and how easy it is to access all of the supporting activities (for example, health care) associated with a
modern community. In other words, a transportation system influences land use.

Over time, the transportation—land-use relationship also defines how a transportation system is used. Areawide,
land-use patterns and associated trip-generating activities affect transportation network performance. For example, the
concentration of office buildings around a freeway interchange (because of the excellent accessibility afforded by
the proximity to the freeway) will likely lead to high levels of congestion on the interchange and adjacent road net-
work. The high concentration of residential, commercial, and office development in downtowns encouraged by rail
transit stations also results in heavy station boardings during transit peak periods. For individual land parcels, devel-
opment characteristics influence how much traffic is generated and attracted to these specific locations. The position
of buildings at a site, their relationship to the surrounding community, and the amenities provided to those who use
the site (that is, urban design) can influence trip-making behavior.

Although transportation planning has historically viewed land use solely as an exogenous input in travel demand esti-
mation (for example, how many trips are generated given land-use type and intensity of development?), land-use and
urban design principles have emerged as effective tools that communities can leverage for improving mobility
and accessibility. Transportation planners must be aware of fundamental land-use and urban design concepts, as they
serve as the foundation for a comprehensive approach to community-building.

The Federal Highway Administration (FHWA) notes that, “at a minimum, the coordination of land use and trans-
portation requires that those concerned with the well-being of a community (or region, state or nation) assess and
evaluate how land-use decisions affect the transportation system and can increase viable options for people to access
opportunities, goods, services, and other resources to improve the quality of their lives. In turn, the transportation
sector should be aware of the effects the existing and future transportation systems may have on land-use develop-
ment demand, choices, and patterns.” [FHWA, 2013] This chapter is organized to provide the practitioner with the
knowledge and tools to contribute such information to the decision-making process.

The following section describes those factors that influence land use and urban form. In particular, three major
influences are described: (1) regional planning and the provision of infrastructure, (2) local government planning
and development regulation, and (3) land owners, private developers, and financial lenders. The chapter then dis-
cusses the role that urban design and access management can play in development and transportation decision
making. The following section examines current approaches to land-use modeling and the characteristics associ-
ated with both the models and their use in planning. The final section focuses on context-sensitive solutions (CSS)
that depend on a combined land-use—transportation perspective for achieving both transportation and community
development goals.

!'The original chapter in Volume 3 of this handbook was written by Michael D. Meyer, WSP/Parsons Brinckerhoff.

Transportation Planning Handbook: Institute of Transportation Engineers, Fourth Edition, Michael D. Meyer
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Il. WHAT DRIVES DEVELOPMENT AND RESULTING URBAN FORM??

The land-use and development patterns of metropolitan areas and individual communities are influenced by a variety
of factors. For example, a study of the key influences that shaped Atlanta’s regional development pattern from 1950
to 2000 identified the eight factors shown in Table 3-1. [Meyer, 2001] In some cases, the factors listed in this table
are under the control of transportation officials (such as the provision of transportation infrastructure); for others,
transportation officials exert little to no influence.

Different groups and individuals participate in or influence development-related decisions. In the private sector, these
include developers, contractors, financial lending institutions, and individual and corporate buyers of real estate. In the
public sector, the participants include elected and appointed community officials, local agency staff, state and regional
transportation planning officials, transit authorities, local zoning and planning commissions, and local school officials,
all of whom influence how the community development process occurs.

Many of the institutional and regulatory land-use frameworks found in U.S. communities exhibit common character-
istics (such as similar zoning codes). However, in reality, every community is different, and community development
patterns evolve under influences that are specific to the regional and market contexts found in a particular com-
munity. One must therefore understand not only the ordinances and regulations commonly used to influence the
amount and type of community development, but also other factors that can have an impact on development pat-
terns. Three major considerations are important in understanding the institutional and regulatory factors that shape
community development: regional planning and provision of public infrastructure, local government planning and
development regulations, and the major players in land-use transactions, that is, land owners, private developers,
and financial lenders.

A. Regional Planning and Provision of Public Infrastructure

Although the strongest governmental influence on local land use comes from community comprehensive plans and
development ordinances, the evolution of a community’s development pattern occurs within a much larger economic,
social, and political context (see, for example, [Brook, 2013; Congress for the New Urbanism and Talen, 2013;
Gallagher, 2013; Katz and Bradley, 2013; and Montgomery, 2013]). Many communities are located in metropolitan
areas that are implementing policies intended to influence community development patterns. This regional context for
community development takes two major forms—(1) the metropolitan-wide policies or strategies aimed at managing
and directing growth, and (2) the metropolitan-wide investment in transportation, sewers, water systems, and other
infrastructure/services that are prerequisites for most types of development. Importantly, the metropolitan area plan-
ning approach to growth management is strongly influenced by the state and local planning environment, such as the
use of impact fees, adequate public facilities ordinances, taxing districts, and other exactions used by local jurisdictions.

Metropolitan planning organizations (MPOs) and regional development agencies often adopt policies intended to
influence how growth occurs. These policies focus on directing the shape and character of metropolitan development

Table 3-1. Factors That Influenced Development
Patterns in Atlanta, 1950-2000

Racial Attitudes

Urban Redevelopment and Housing Policy

Zoning and Development Policy

Location and Quality of Public Schools

Dispersal of Employment Opportunities

Transportation Infrastructure — Highways

Transportation Infrastructure — Transit

Institutional Structure for Decision Making

Source: Meyer, M. 2001. “Historical Perspective
on the Growth of Adanta Since World War II.”
Paper prepared for the Atlanta Regional Commission,
Environmental Justice Initiative, Atlanta, GA.

2Some of the material in this section originated in Meyer and Dumbaugh, 2005.
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through actions such as targeting development away from suburban fringe areas, as well as encouraging the more
efficient use of existing infrastructure, including roads and sewer systems. The types of policies actually employed
vary from region to region, from Portland, Oregon’s, growth management boundary and Minneapolis—St. Paul’s,
Minnesota, infrastructure phasing requirements to more market-oriented approaches, such as the use of impact fees
and development exactions. Because such policies have a strong influence on when and if certain lands will be devel-
oped, they can be leveraged to encourage desired development outcomes, such as promoting the design of communities
that support nonmotorized travel. [Daniels, 1999; Meyer and Dumbaugh, 2005]

Metropolitan transportation planning is just one of the many planning processes that considers development and
land-use policies and strategies. As noted in chapter 1, the transportation planning process begins with an articulation
of a vision, that is, what characteristics of quality of life, economic vitality, transportation system performance, and
societal benefit accruing from public investment are desired by a community or region? The definition of this vision
often comes from an extensive public participation process that encourages many different community stakeholders
to develop statements regarding a desired future. Not surprisingly, given the importance of the built environment,

these vision statements usually emphasize desired development patterns. For example, the following vision statement
comes from the Puget Sound Regional Council (PSRC), the MPO for Seattle, Washington.

“Our vision for the future advances the ideals of our people, our prosperity, and our planet. As we work toward achieving
the region’s vision, we must protect the environment, support and create vibrant, livable, and healthy communities,
offer economic opportunities for all, provide safe and efficient mobility, and use our resources wisely and efficiently.
Land use, economic, and transportation decisions will be integrated in a manner that supports a healthy environment,
addresses global climate change, achieves social equity, and is attentive to the needs of future generations.”

—Puget Sound Regional Council [2009]

The corresponding transportation goal for this vision included: “The region will have a safe, cleaner, integrated, sus-
tainable, and highly efficient multimodal transportation system that supports the regional growth strategy, promotes
economic and environmental vitality, and contributes to better public health.” Specific policies adopted to guide
transportation investments included:

e Prioritize investments in transportation facilities and services in the urban growth area that support compact,
pedestrian- and transit-oriented densities and development.

* Give regional funding priority to transportation improvements that serve regional growth centers, and
regional manufacturing and industrial centers.

¢ Make transportation investments that improve economic and living conditions so that industries and skilled
workers continue to be retained and attracted to the region.

¢ Design, construct, and operate transportation facilities to
serve all users safely and conveniently, including motorists,  Figure 3-1. Policy Framework for Regional
pedestrians, bicyclists, and transit users, while accommodating  pjanning by the Atlanta Regional
the movement of freight and goods, as suitable to each facility’s  commission
function and context as determined by the appropriate
jurisdictions.

e Improve local street patterns—including their design and
how they are used—for walking, bicycling, and transit use to
enhance communities, connectivity, and physical activity.

e Promote and incorporate bicycle and pedestrian travel as
important modes of transportation by providing facilities and
reliable connections.

Winning
The Future

Another example of a vision statement comes from the Atlanta Regional
Commission (ARC), which produced a policy framework to guide all
regional planning efforts, including transportation planning. [ARC,
2015a] As shown in Figure 3-1, ARC’s framework has defined three
major areas for improving the region: developing and maintaining
world class infrastructure, creating healthy livable communities, and ~ Source: ARC, 2015a, Reproduced with permis-
supporting a competitive economy. sion of the Atlanta Regional Commission.
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The policy goal and selected actions most relevant to transportation included: [ARC 2015a]

Goal: Ensure a comprehensive transportation network, incorporating regional transit and 21st century

technology

78

Promote transit and active transportation modes to improve access.

Maintain and improve the economic viability and accessibility of key intermodal freight facilities.
Prioritize data-supported maintenance projects over expansion projects.

Promote system reliability and resiliency.

Establish effective transit services that provide regional accessibility.

Prioritize transit projects in areas with transit-supportive land use, plans, and regulations.
Promote bicycle transportation by developing safe and connected route options and facilities.
Promote pedestrian-friendly policies and design.

Enhance and expand Transportation Demand Management (TDM) programs.

Prioritize solutions that improve multimodal connectivity.

Direct federal funding for road capacity expansion to the regional strategic transportation system, including the
managed lanes system.

Road expansion projects in rural areas should support economic competitiveness by improving multi-modal
connectivity between centers.

Implement a complete streets approach on roadway projects that is sensitive to the existing community.

Promote and enhance safety across all planning and implementation efforts, including support for the state strate-
gic highway safety plan.

Coordinate security and emergency preparedness programs across transportation modes and jurisdictions.
Maintain and expand transportation options that serve the region’s most vulnerable populations.
Improve connectivity around transit stations and bus stops for all users.

Increase funding for Human Services Transportation (HST) and Medicaid transportation services.

Increase access to areas with essential services, including healthcare, education, recreation, entertainment, and
commercial retail.

Provide safe and reliable access to freight land uses and major intermodal freight facilities.
Promote the use of information technologies to foster the most efficient movement of freight.
Preserve industrial land uses in proximity to existing freight corridors.

Pursue the application and use of advanced technologies.

Encourage the application of passenger information technologies.

Encourage development, redevelopment, and transportation improvements to consider impacts on neighbor-
hoods and communities.

Promote and support urban design standards that enhance elements of accessibility and livability.

Plan for the impacts of extreme weather events on community services and infrastructure, including system
resiliency.

Foster improved access to cultural assets.
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As can be seen in this list, planning concerns span a range of issues that are important to the future of communities.
Where transportation investment fits into these larger visions very much influences the types of strategies and actions
that will surface at the end of the process.

Unless local communities align their own plans, policies, and regulations to support a regional vision, the vision will
not be realized. Portland, Oregon, for example, has established a strong alignment between regional policies and local
government actions. In Denver, Colorado, the Mile High Compact, a regional policy that encourages nontraditional
development patterns, has been adopted by many of the region’s communities. In this case, the region’s MPO grants
extra priority for transportation investment to projects in communities that have adopted this policy.

Although metropolitan plans and policies can provide an overarching context for local decisions, the strongest regional
influence on land use, and on the decisions leading to development, comes from the actual changes made to those
infrastructure systems that provide the basic necessities of modern societies. With urban areas expanding dramatically
during the twentieth century, governments at all levels recognized the need for metropolitan-wide efforts to coordinate
the provision of critical infrastructure. The federally-mandated metropolitan transportation planning process is an
example of such an effort. Others include regional efforts to put in place water systems and waste disposal sites and
to handle societal needs that transcend individual community boundaries, such as helping the elderly population.
This handbook, in essence, focuses on the how transportation system investment decisions can be informed by the
transportation planning process.

B. Local Governmental Planning and Development Regulation

Local governments are most often the closest service and infrastructure provider to community residents. In the
United States and in many other western countries, local comprehensive plans, zoning ordinances, and subdivision
regulations are used to guide the levels and types of community development. As per state constitutions, local gov-
ernments are given the responsibility for establishing the regulations and controls that oversee development decision
making within their jurisdictional boundaries. For example, one of the most influential tools for influencing the sub-
stance and style of community development (and the one most jealously guarded by local officials) is the local zoning
code. It is through this code that the community vision of what it wants in terms of development patterns is expressed
in a way that holds the force of law. Table 3-2 shows other types of tools that local officials have at their disposal
for influencing community development. In some instances, communities utilize all of the tools shown in the table,
whereas in others, only a few are available.

Schools are also an important community investment that influences development patterns, especially in fast-growing
communities that attract young families. The planning for school facilities is not often part of the larger community
comprehensive planning process, but is an independent activity undertaken by local school boards. In most of these
efforts, professionally accepted (and defined) methodologies, analysis tools, and data collection strategies serve as the
foundation for the resulting plans and investment programs.

The following sections discuss in more detail some of the land-use planning tools available to communities.

1. Comprehensive Plans

Most local governments and communities produce community-specific comprehensive plans that lay out the desired
future for the community along with the infrastructure and policy support needed to achieve it. In many states
(for example, California, Florida, Georgia, and Washington), local comprehensive plans are required by state law.
Community comprehensive plans often have a high level of detail and focus more on community-specific strategies
than regional plans.

Comprehensive plans serve three major functions. First, comprehensive plans reflect what a community desires in
terms of future development. In some sense, they thus represent a vision of a desired future. Second, the plan guides
public policy and private developer decisions. In other words, what steps must be taken or adopted to assure that the
community development plan becomes a reality? Finally, the enabling legislation for most zoning codes and other types
of regulatory approaches requires the adoption of a benchmark (a plan) that can be used to judge the desirability and
legality of community actions. For example, the standard zoning enabling acts adopted by many states in the early
twentieth century often noted that zoning “shall be in accordance with a comprehensive plan.” Many of the legal
challenges to zoning decisions are often decided on the interpreted consistency between the recommended action and
the community’s comprehensive plan.
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Table 3-2. Land Regulations and Implied Requirements of Plans

Regulation Type Regulation Logic Implied Plan Logic
Zoning Externalities (positive and Strategy to address interdependence due to
negative) irreversibility of investments and indeterminate
adjustment process given imperfect foresight
Infrastructure capacity Strategy for expansion and design of capacity at
build-out because of irreversibility and
indivisibility
Fiscal objectives Policy for consistent and fair repeated decisions
for the development community
Information costs or errors Policy to provide information that is a collective
good or asymmetric between buyers and sellers
Management of supply Strategy to reduce infrastructure costs of spatial
substitution of uses as technology changes given
imperfect foresight
Amenity protection Strategy to protect scarce natural resources
yp gytwop
Development timing Strategy of zoning for non-urban areas until
land use is ready for more intense development
Ofhicial maps Project rights-of-ways Strategy to preserve design decisions by

developer that have collective good external
effects

Subdivision regulations

External effects of design decisions

Policies to achieve design decisions by developer
that have collective good external effects

Urban service areas

Timing, resource lands protection,
“optimal city size,” depending on
how changes in area are managed
over time

Strategy of efficient infrastructure provision and
interaction costs over time; policy of consistent
and fair resource land protection; target design
of city

Adequate public facilities
ordinances

Timing

Strategy of efficient infrastructure provision and
interaction costs over time

Development rights (for example,
conservation easements,
transferable rights)

Permanent allocation of land uses

Target design of pattern of uses, for example,
resource lands and urban development

Impact fees

Timing, fiscal management, and
distribution of costs among
current and new residents

Policy for consistency and fairness; strategy for
infrastructure financing

Source: From “Urban Development” by Lewis D. Hopkins. © 2001 by the author, reproduced by permission of Island Press,
Washington, DC.

Although the specific requirements of the transportation component of a comprehensive plan will vary by state,
the topics most often covered include: (1) an inventory of transportation facilities and services, (2) an assessment of the
condition and performance of the current transportation system, (3) the identification of transportation problems or
deficiencies with respect to the goals of the comprehensive plan, (4) an analysis and evaluation of prospective solutions
to these problems, (5) the development of a recommended investment and operations strategy, and (6) (increasingly)
the identification of alternative financing strategies for supporting the recommended strategies.

2. Zoning

Local governments’ use of zoning and land-use ordinances to establish the design requirements for, and the physi-
cal context of, development projects is perhaps one of the most important influences on community development.
[Merriam, 2005] While zoning and land-use ordinances are taken for granted by planners today, a look at the histor-
ical impetus for placing restrictions on the use of land provides some insight as to why newer, compact, mixed-use
forms of development often come into conflict with locally adopted land-use regulations.

During the Industrial Revolution, millions of Americans flocked to cities in response to a substantial growth in employ-
ment opportunities. At the time, local governments did not yet possess a legal means to review the proposed use
of a plot of land and effectively guide this population growth. Developers responded to the intense market pres-
sures for new workforce housing by constructing tenements that were as cheap as possible (for example, exhibiting

80 * TRANSPORTATION PLANNING HANDBOOK



poor structural supports), having little to no ventilation, water, or sewage facilities. This unregulated development
in response to industrialization resulted in myriad negative impacts to the health, safety, and general welfare of local
communities. The modern era of land-use zoning in the United States began in the early twentieth century in reaction
to deteriorating living conditions brought on by overcrowding in cities.

New York City adopted the first comprehensive zoning ordinance in 1916. The ordinance established three types
of districts based on land use (residential, industrial, and commercial) and provided regulations for the physical lay-
out of individual structures within a given land-use district. The objective of this ordinance was to create safe and
quiet areas for family living, primarily by limiting density. This first zoning ordinance established several elements
of zoning that were soon adopted in zoning ordinances in other cities: setback distances from the street, maximum
building heights, maximum bulk or what is known today as Floor Area Ratio (FAR, the ratio of a building’s total
area to its footprint to the area of the entire lot), occupant density, minimum lot size, and permitted and/or allowed
uses (residential, commercial and industrial). This ordinance codified two principles of land-use planning that until
recently were accepted as characteristics of good practice—limit the intensity of development and separate land uses.

At the federal level, the Standard Zoning Enabling Act (SZEA) of 1924 sought to standardize land-use zoning nation-
wide. This act gave President Herbert Hoover the authority to establish an advisory committee to develop a “template”

that allowed state governments to enact legislation giving municipalities the authority to zone. The primary tenets of
the SZEA were:

1) Grant of Power: Promote the health, safety, morals, and general welfare of the community. This included the
power to regulate the height, number of stories, size of structure (bulk), percentage of the lot that may be
occupied, size of yards, density of population, and the use of buildings.

2) Districts: The local legislative body could divide the municipality into districts that were deemed best suited
to carry out the act.

3) Purposes in View: The regulations were to be made in accordance with the comprehensive plan and designed
to lessen congestion in the streets; secure safety from fire, panic, and other dangers; promote health and the
general welfare; provide adequate light and air; prevent the overcrowding of land; avoid undue concentration
of population; and facilitate the adequate provision of transportation, water, sewage, schools, parks, and other
public requirements.

This basic template formed the framework for zoning enabling acts adopted with various modifications in states across
the United States.

This initial concept of zoning was legally challenged in a 1926 U.S. Supreme Court case, City of Euclid, Ohio v.
Ambler Realty. Ambler Realty argued that zoning regulations unconstitutionally diminished the value of its land by
imposing use requirements. However, the Supreme Court ruled that zoning did have a “rational relationship to valid
governmental interests in preventing congestion and in segregating incompatible uses.” [Juergensmeyer and Roberts,
2003] The term “Euclidean Zoning” comes from this case. Ten years after the Euclid case, 1,246 municipalities in the
United States had zoning ordinances. [Moore and Thorsnes, 2007]

Another important distinction in zoning is the manner in which states can delegate zoning power to municipalities.
The first, commonly referred to as Dillon’s Rule, prevailed in most communities until the mid-twentieth century. In
this concept, local governments have only the powers specifically enumerated by the state. This considerably limited
the ability of local governments to act on their own behalf. Today, Dillon’s Rule has largely been rejected by most
states in favor of Home Rule. In Home Rule states, municipalities have all the power necessary to perform their tasks
unless that power has been specifically restricted by the state.

A typical zoning designation for different types of land uses in Atlanta, Georgia, is shown in Table 3-3. As indicated,
zoning usually identifies the type of land use that can occur on a parcel “by right” and the level of intensity of
development. Sometimes specialized zoning is necessary for an area where a large tract of land is involved. Driven
by a desire to reverse suburban sprawl and establish more compact patterns of development, many urban areas are
now beginning to promote density and the integration of multiple land uses by incentivizing more intense, mixed-use
development, which runs contrary to the intent of the earliest zoning ordinances, as well as the content of many
approaches to local land-use regulation still in use today. A planned unit development (PUD) designation, for example,
allows a mix of land uses, flexibility in the placement of buildings, and the relaxation of development standards.
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Table 3-3. Sample Zoning Codes from City of Atlanta

Zoning Zoning District Name

BL Beltline overlay district

HBS Historic building or site

HD-20G | West End historic district (example of several)

LBS Landmark building or site

LD-20A | Cabbagetown landmark district (example of several)

LW Live-Work

MRC-1 Mixed residential and commercial, maximum floor area ratio of 1.696 (example of 3 MRC
designations)

MR-1 Multi-family residential, maximum floor area ratio of 0.162 (example of 8 different MR
designations)

NC-1 Little Five Points Neighborhood Commercial (example of 5 different NC designations)

PD-H Planned housing development (single-family or multi-family) (example of 3 planned unit
designations)

R-1 Single-family residential, minimum lot size 2 acres (example of 10 single family residential
designations, R-1 to R-5)

RG-1 General (multi-family) residential, maximum floor area ratio of 0.162 (example of 6 such
designations)

0-1 Office-industrial

C-1 Community business

C-2 Commercial service

C-3 Commercial-residential

C-4 Central area commercial-residential

C-5 Central business district support

I-1 Light industrial

I-2 Heavy industrial

SPI-1 Special Public Interest District: Central Core (example of 17 special interest districts)

Source: City of Atlanta, 2015

An approved PUD plan fixes the nature and location of uses and buildings on the entire site. Cluster development is a
form of PUD in which buildings, usually residences, are grouped together to preserve open space or environmentally
sensitive areas, such as wetlands.

Overlay districts are another strategy to provide opportunities for special development or urban design treatments
in a particular area (see Beltline overlay designation in Table 3-3). An overlay district keeps the underlying zoning
requirements for targeted parcels, but provides owners and developers with the ability to adopt special allowances.
A good example of an overlay zone is found in Portland, Oregon, with its “Light Rail Transit Station Zone.” [Portland
Metro, 2000] This overlay zone “allows for more intense and efficient use of land at increased densities for the mutual
reinforcement of public investments and private development. Uses and development are regulated to create a more
intense built-up environment, oriented to pedestrians, and ensuring a density and intensity that is transit supportive.”
Actions include prohibiting parking garages within a specified distance of a station, reducing the minimum number of
parking spaces required within 500 feet of a light rail alignment by 50 percent, and requiring streetscape landscaping
at a very high level. Such an approach is tailored to foster walkable community environments.

Although zoning has been used extensively in the United States for decades, some argue that current applications of
zoning regulations are detrimental to the development patterns best suited for today’s market. For example, Levine
[2005] argues that land development is one of the most regulated sectors of the U.S. economy, and conventional
zoning actually gets in the way of market forces. He notes: “The design template for urban sprawl is written into the
land-use regulations of thousands of municipalities nationwide.”

Relaxing zoning regulations can facilitate improved mobility in a number of ways. First, allowing mixed residen-
tial and commercial uses increases traveler accessibility to a greater number of potential destinations, reducing trip
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lengths and increasing the potential for satisfying some of those trips by walking or bicycling rather than by auto-
mobile. Second, allowing higher residential densities in transit corridors can support more efficient transit services
and reduce automobile mode share. Finally, relaxing minimum off-street parking space requirements can facilitate
infill development by both reducing the land area and costs required for a single use. Conversely, other regulations
can improve land-use efficiency. For instance, Moderately Priced Dwelling Unit (MPDU) requirements improve
equitable access to housing. Transfer of Development Rights (TDR) programs allow by-right zoning on farmland
to be transferred to more urban “smarter growth” locations that will have the effect of preserving farmland and
reducing sprawl.

Form-based zoning codes recognize there is no longer a significant conflict between industrial and residential uses as
there was when use-based zoning was originally adopted. As opposed to the Euclidean approach, which first rigidly
defines the use of a plot of land and then provides general guidelines as to a building’s potential form, a form-based
code approach essentially prescribes the style and form of buildings and then allows the use to be flexible. By their very
nature, form-based zoning codes facilitate mixed-use development, which is often difficult (and many times illegal)
under current zoning laws. Instead of use-based zones, which segregate land uses and often increase the distance
required to travel to different types of destinations, form-based zones allow for varying densities and the interspersing
of different types of destinations next to (and even on top of) one another. This tends to decrease the distance required
to travel to various services.

3. Zoning and Parking

Zoning standards typically establish minimum requirements or formulas for how many parking spaces must be pro-
vided for specific types of land uses. The intent of most local governments is to require property owners to provide
sufficient off-street parking spaces so as to avoid spillover parking onto public streets or adjacent private property.
Parking requirements, however, have come under increasing scrutiny in recent years from many who argue that min-
imum parking requirements often lead to too much parking. The report, Recommended Zoning Ordinance Provisions
[Parking Consultants Council, 2007], recommends language to protect the city’s interests while allowing flexibility to
address the most common circumstances influencing parking demand. Some of the circumstances where flexibility in
zoning requirements may be appropriate are:

o Shared Parking—In some cases, adjacent land uses generate parking demand at different times of the day, and
thus in a shared parking program, parking capacity is shared over the day.

o Captive Marker—A captive market is an employment location where nearby land uses can be readily accessed
by walking or transit (for example, in a central business district). A captive market consideration is a compo-
nent of shared parking effects; however, it does not require that parking be shared to achieve a reduction in
demand.

o Fees-in-Lieu—TIt may be in the best interests of a city to develop public parking in a densely developed activ-
ity center, rather than have each property owner provide parking for each building. With the high cost of
parking structures and the competing demands on city resources, a number of cities have asked developers
to contribute to the costs of developing municipal parking facilities in lieu of providing the totally required
amount of parking for their development site.

o Off-Site Parking—Many cities have added clauses in their zoning that allow for off-site parking to be substi-
tuted for on-site parking under certain conditions.

* Ridesharing—Ridesharing generally refers to various forms of carpooling, vanpooling, and subscription bus
service associated with employees’ trips to and from work. Properly formulated ridesharing programs can
reduce both traffic and parking demand. Zoning credits for ridesharing programs are a particularly effective
means of achieving transportation management goals. Ridesharing credits are also a means of adjusting park-
ing requirements for any development site that runs a dedicated shuttle. The most common application is
hotels that cater to those wanting convenient access to an airport. However, other development sites may also
run shuttles and thus merit reduced parking requirements.

o Transit—For areas that are well served by public transit, it is reasonable to expect that some reduction in
parking demand will occur due to visitors and employees using transit. In some communities, if a development
site is within a certain distance of a regularly scheduled transit stop or station, the zoning code allows the
developer to reduce the number of parking spaces required on site.

See chapter 11 for additional discussion on the relationship between zoning and parking requirements.
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4. Subdivision Regulations

A common development trend that has emerged in urban areas within the United States and many other Western
countries over the past 50 years is the division of large plots of land into smaller individual parcels, commonly referred
to as “subdividing.” Subdivision regulations provide guidance on what a community desires when land is subdivided
like this for development purposes. Developers must submit plans to the relevant governmental body (such as a plan-
ning board or commission) for approval. This site plan review process covers things such as the size and shape of lots,
street design, sewer and water connections, and environmental protection. The most important transportation com-
ponents of the site plan review process include street layout, provision of sidewalks, access points to the subdivision,
and proposed building footprints with respect to regional transit services (if transit services are available).

5. Development or Site Plan Review Process

The development or site plan review process provides an opportunity for communities to make sure development
proposals are consistent with the zoning code and the comprehensive plan. This process is often based on checklists
reviewed by community planners (and thus developers as well to anticipate what the planners will be looking for)
to determine such consistency. Given that differences often occur between development characteristics and zoning
requirements, the negotiation on what will be allowed, if anything, usually occurs during this review process. Figure 3-2
presents a typical site plan review process. It is during a process similar to that shown where the determination of what
is “good for the community,” and the potentially different interpretations from local citizens, is played out.

One of the common debates occurring during this process relates to the perceived value of additional growth in
a community. Some view growth as a necessary ingredient to a vibrant and evolving community, whereas others
consider such growth as adding additional burdens to community services. This difference of perspective has led to
dramatic shifts in the elected representation on community boards and decision-making bodies, depending on which
perspective is on the rise at any point in time.

It is important to note that both subdivision regulations and site plan reviews usually require a transportation
impact analysis, certainly for larger proposed developments. Traditionally, this analysis focused almost exclusively on
automobile access to development sites with little attention to other modes of travel. In many cities, the analysis has
shifted to a multimodal accessibility perspective. Whereas road performance levels of service had been consistently
applied everywhere in a region (for example, every intersection must operate at least at a level of service C), in
many cities today, road performance thresholds can vary depending on the context and availability of alternative
modes. Readers are referred to Broward County’s (Florida) multimodal concurrency process: (http://www.broward
.org/PlanningAndRedevelopment/ ComprehensivePlanning/Documents/TransGOPS2014.pdf) and Montgomery

Figure 3-2. A Typical Community Review Process for Development Decisions
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Source: Meyer and Dumbaugh, 2005
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County’s (Maryland) development guidelines (http://www.montgomeryplanning.org/transportation/latr_guidelines/
latr_guidelines.shtm) as illustrations of how vehicle trip impacts can be exchanged for exactions that lead to more
multimodal solutions. ITE’s Recommended Practice on Traffic Impact Analysis for Site Development is a good reference
on different traffic impact analysis approaches. [ITE, 2010a] See also chapter 19 on site planning and impact
analysis.

6. Growth Management

Growth management concepts first appeared in the United States in the late 1960s and early 1970s in response to
community concerns over human impacts on environmental resources. [Porter, 1997] In 1972, a landmark court case
in New York established the legal foundation for communities to manage growth through the comprehensive planning
process. In Golden v. Planning Board of the Town of Ramapo, the New York Supreme Court (upheld by the U.S. Supreme
Court) stated that the uncompensated control of the timing and sequencing of residential subdivision development is
legal for a “reasonable period of time” (defined in this case as 18 years or the life of the local comprehensive plan) with
such a linkage tied to the provision of capital improvements. As noted by Freilich [1999] “the importance of this law
is the recognition of the fundamental constitutional principle that techniques to handle growth over the next 15 to
20 years can be controlled by linking the proposed development with the planned extension of capital improvements
over the lifetime of the comprehensive plan.”

The following two definitions of growth management help identify the key factors that are part of a growth management
strategy:

According to the U.S. Environmental Protection Agency (EPA), “growth management is a method of planning new
development that serves the economy, the community, and the environment. It changes the terms of the devel-
opment debate away from the traditional “growth or no growth” to “how and where should new development be
accommodated?” [U.S. EPA, 2014] Smart growth answers this question by simultaneously achieving:

o “Healthy communities that provide families with a clean environment. Smart growth balances development
and environmental protection—accommodating growth while preserving open space and critical habitat,
reusing land, and protecting water supplies and air quality.

o Economic development and jobs that create business opportunities and improve the local tax base.

o Strong neighborhoods that provide a range of housing options, giving people the opportunity to choose housing
that best suits them. It maintains and enhances the value of existing neighborhoods and creates a sense of
community.

o Transportation choices that give people the option to walk, ride a bike, take transit, or drive.”

According to ITE’s reccommended practice on smart growth and transportation guidelines, “smart growth is a complex
mix of land use and transportation design” with the following five goals serving as its foundation:

e Pursuing compact, efficient land-use patterns to maximize transportation efficiency and improve the
neighborhood environment.

¢ Providing multimodal mobility within developed areas.
e Providing accessibility within existing built-up areas.
» Making the most efficient use of transportation infrastructure.

e Supporting smart growth through pricing and sustainable funding. [ITE, 2003]

While growth management policies can have a profound effect on encouraging desired development objectives, in
many regions, such development policies are not very influential; they simply state desired outcomes or visions of
what a metropolitan area wants to look like, with very little policy linkage to individual community decisions on
development proposals. A strong “home rule” proviso in many state constitutions that leaves development decisions
to local officials is most often the reason for this weak linkage.

Interested readers should refer to ITE’s report on growth management for a comprehensive discussion of how
transportation actions can reinforce growth management principles. [ITE, 2003]
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7. Transit-Oriented Development (TOD)

TOD is a form of managed growth, in this case, offering incentives for development to locate next to transit stops or
stations. TODs are usually compact, mixed-use, pedestrian-oriented developments providing greater attention to civic
uses of the space and treating the transit facility as the centerpiece of the entire development. According to Recon-
necting America, Inc., one of leading nonprofit organizations advocating TOD development, the key characteristics
of transit-oriented job sites are:

e Urban densities ranging from mid-rise buildings with 2.0-5.0 FAR to high-rise buildings with 4.0 or higher
FAR, with the highest densities located in the closest proximity to transit stations and stops.

e Significant concentrations of workers in order to create the demand that will support convenience, retail, and
personal services near the station, and help justify the provision of high-quality transit service.

e A variety of easily accessed transit services to provide a high-level of connectivity in business districts,
ranging from local bus or streetcars to enhance local circulation, to light rail or bus to connect to nearby
neighborhoods, to express bus and commuter rail to connect to neighborhoods further away.

e Limited parking, or pricing that limits parking demand, ideally in combination with financial incentives from
employers to encourage transit ridership.

¢ A mix of businesses that are “transit-oriented,” including shops and restaurants that allow workers to meet
their needs without a car. [Reconnecting America, 2008]

Reconnecting America, Inc. notes several observations that make TODs an appealing development concept today and
even more so in the future.

Demographics are promising for TOD: Aging Baby Boomers and young urban professionals are population groups
attracted to TOD, and both groups are growing in the United States. In particular, these groups tend to desire
“walkable” urban lifestyles.

Corridor-centered growth is increasing, in many cases served by transit: Corridor-centered growth is a development
pattern that is found in many urban areas, often centered around development nodes either at highway interchanges
or transit stations. TOD developments are natural elements of a corridor-centered growth pattern.

TOD-supportive industries are growing: As shown in Figure 3-3, some types of jobs are more transit-oriented than
others, including jobs in the service, financial, and professional sectors. These employment sectors are also some of
the fastest growing in the U.S. economy. From a land use and transportation planning perspective, these are the types
of jobs (with corresponding firms and companies) that could be targeted for TOD developments.

TOD needs more than transit: Real estate development occurs in response to many different market factors, most
importantly the monetary value of land parcels to potential buyers and tenants. For example, the economic recession
of 2008 to 2010 caused much of the investment in land development to slow down in the United States. With a
reviving economy after 2012, development once again began to occur in most major metropolitan areas. Developers
began focusing on those parcels that had the greatest level of market attractiveness, with much of this development
located in higher density, transit-oriented sections of center cities.

Figure 3-3. Share of Regional Jobs near Transit by Industry and Transit System Size, 2008
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Active leadership is crucial for success: Public agencies, most often state governments and transit agencies, can
facilitate TOD, using many different policy and financial tools. For example, leveraging other agency resources to
improve station locations and working with developers and local governments to provide incentives to develop in
these locations have been very successful. In some cases, transit agencies have bought land near transit stations and
then worked with developers to build out the station area.

“Mobility hubs” are an emerging concept within TOD research and refer to transit stops or stations with frequent
transit service, high development potential, serving as a critical point for trip generation or transfers within the transit
system. This concept broadens the mobility emphasis to active transportation modes such as bicycling and walking,
and promotes a total mobility perspective for higher density locations. Two examples of guidelines for promoting
mobility hubs include:

e Metrolinx in Toronto, http://www.metrolinx.com/en/projectsandprograms/mobilityhubs/mobility_hub_
guidelines.aspx.

e Virginia’s Multimodal System Design Guidelines http://www.drpt.virginia.gov/activities/MultimodalSystem
DesignGuidelines.aspx.

See Reconnecting America, Inc. for a series of reference documents on TODs and the steps necessary to make them
happen (Reconnecting America, http://www.reconnectingamerica.org/what-we-do/what-is-tod/).

C. Private Developers and Financial Lenders

While government has a strong say in determining the policies that shape communities, private companies and
investors are probably even more important for private development projects. Both for-profit and nonprofit develop-
ers, institutional lenders, and a host of other groups, including contractors, construction professionals, and engineers,
are responsible for developing the buildings and neighborhoods that comprise a community.

1. Private Developers

Many landowners do not have the financial resources to develop their land. The individuals or companies having the
financial means to do so are called private developers. Developers often buy large tracts of land or multiple parcels so
that developments can be of sufficient size to attract clients. Because the attractiveness of a particular development site
depends on many factors often outside the control of a developer, private development is a high-risk venture. What
developers seek are relatively stable investments that can be relied on to generate a return on their investment.

In many cases, a “safe investment” is one that has been proven to be successful in the local market. Thus, although the
site plan review process and the underlying zoning code can become the subject of disagreements over what should
be allowed in a development proposal, some have suggested that zoning in fact promotes a market environment
that minimizes development risk because all similar types of developments face the same constraints. However, the
focus on “what has worked before” can also inhibit innovative land-use strategies and the adoption of new growth
management concepts that better meet today’s community challenges. For example, many urban communities have
encouraged developers to consider higher densities, parking limitations, and a mixing of land uses that are not allowed
by the zoning code. When developers generate proposals that attempt to satisfy the latest community desires, they
often run into procedural and regulatory barriers designed to “protect” the community from developments that are
“different” from the status quo.

When such differences are found in development proposals, the developer must request a variance to existing codes.
The public nature of the zoning ordinance and development of the comprehensive plan provides opportunities for
community residents to participate in any effort to grant a use variance. The zoning board or commission usually
holds a public hearing and all those potentially affected by the change (for example, adjacent land owners) are notified
of their opportunity to voice their opinion. This process can take many months.

As noted earlier, the site plan review process is often the step in the process where proposed changes from existing
zoning ordinances or regulations are negotiated and accepted or rejected. Complex development projects that could
potentially affect many different government agencies, such as transportation departments, school departments, fire
and police departments, and so on, are provided the opportunity to comment on the changes, and in cases such as pub-
lic safety, have the authority to reject the proposal. If the developer still wishes to proceed with the project, the proposal
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must be revised to respond to the objection(s) and resubmitted. There have been instances where navigating the site
plan review process given agency objections has taken many years.

A study by Inman et al. [2002] surveyed more than 700 developers in the United States about their experience with
the development process. Although dated, the survey results are still relevant today. A large majority of the surveyed
developers perceived local zoning as the most challenging obstacle in getting approval for non traditional develop-
ments. The noted barriers included: local zoning regulations (43 percent), neighborhood opposition (17 percent),
lack of market interest (15 percent), and financing (9 percent). Of the developers responding to the survey that had
proposed alternative development strategies, but were required to modify their proposals, the following modifications
were required: 82 percent had the density reduced by the community planning process, 47 percent had mixed-use
characteristics reduced, 29 percent had the housing types changed, 33 percent had the share of mixed use development
changed, and 19 percent had changes made in pedestrian or transit orientation. The authors noted the following:

“On the whole, the random sample of developers perceives considerable market interest in alternative development;
believe that there is inadequate supply of such alternatives; view local government regulation as the primary obstacle
to the further development of these alternatives; and indicate interest in developing more densely and mixed use than
regulations allow, notably in inner suburban areas. Thus it appears that in the perceptions of developers, at least, it is
hardly more planning intervention that would bring about greater alternative development forms in the United States
context, but relaxation of restrictive land-use and transportation policies that are excluding these forms to begin with.”

—Inman, Levine and Werbel, [2002]

2. Financial Lenders

Most developers rely on institutional lenders to provide the capital funds to support a development project. Thus, for
example, if a developer is permitted by a local government to develop a parcel of land that does not meet all of the
requirements of the zoning regulations, the institutional lender financing the project must agree to the variations as
well. However, financial lenders look at each lending opportunity from the perspective of risk. [Gillham, 2002] Will
a loan likely be repaid? Or in development terms, is the proposed development marketable (and thus profitable) given
what has happened in the community and the development market in recent years? Most lending institutions rely on
a development’s consistency with local zoning ordinances as a litmus test for determining financial suitability.

One of the key issues in this regard has been the requirement for a minimum amount of parking at the development
site. In some instances, communities and developers that have wanted to reduce the number of parking spaces in order
to encourage more transit and nonmotorized transportation travel have run into opposition from lenders who took the
position that minimum parking requirements reflect the needed parking capacity to make the development successful.
This type of opposition has lessened in recent years as the development and lending communities have become more
used to changing transportation requirements, especially in communities that have made a commitment to alternative
modes of travel.

In summary, zoning and subdivision ordinances have a very strong influence on community development patterns and
on the parcel-specific characteristics of a particular development. One of the implications of this is that nontraditional
development proposals desired by community residents might face significant obstacles. Even if such proposals will
eventually be approved, the time delay in seeking approvals for variances in existing ordinances could very well cause a
developer to seek other alternatives, such as traditional market-tested, large lot, auto-oriented developments. And it is
not just the developer that faces risks in additional costs and time delays associated with nontraditional developments.
The financial lending institution could also be hesitant to accept a nontraditional development simply because the
“community standard” as expressed in the zoning code is not being followed.

lll. URBAN FORM

The previous sections identified the different factors that influence individual development proposals and ultimately
the type of development that occurs on individual parcels of land. The cumulative effect of these individual
development decisions over time results in a spatial development pattern referred to as urban form. In other words,
the development patterns that over time define the physical, economic, and often socio-demographic characteristics
of the individual communities are the same elements that, in the aggregate, shape a region. The role of transportation
investment in influencing this evolution and vice versa has received a great deal of attention in recent decades. During
the 1990s and early 2000s, for example, this attention produced books for the popular market critiquing urban form
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and in particular suburbanization (for example, see [Duany and Plater-Zybek, 1991; Hart and Spivak, 1993; Kay,
1997; Kunstler, 1997, 2013; Morris, 2005]).

In addition, more systematic studies of the relationship between land use and transportation have given particular
attention to the resulting consequences on such things as air quality and public health. [Whitfield and Wendel, 2015]
For example, the Urban Land Institute published Growing Cooler, one of the first examinations of the impact of
different land-use patterns on the production of greenhouse gases. [Ewing et al., 2007] Specifically, the study tried to
answer three policy questions:

1) What reduction in vehicle miles traveled (VMT) is possible in the United States with compact development
rather than continuing urban sprawl?

2) What reduction in CO, emissions will accompany the reduction in VMT caused by more compact
development patterns?

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

Compact development was defined as denser development, enhanced land-use mix, an emphasis on population and
job centers, and more pedestrian-friendly design.

The authors estimated that the use of compact development practices at a very high penetration level would result
in a 20 to 40 percent reduction in VMT for each increment of new development or redevelopment, depending
on the degree to which best practices are adopted. This led to an estimated 7 to 10 percent reduction in total
transportation-related CO, emissions by 2050 relative to continuing sprawl. The authors also suggested that “dra-
matic” policy changes in land use at the state, regional, and local levels of government would have to occur for this
level of CO, emissions reduction to take place. Indeed, it was the need for such dramatic policy changes that spawned
serious critiques of this study. Simply put, many thought the study was misleading because the type of change necessary
in land-use policies was unlikely to occur in the foreseeable future.

Soon after, a group of transportation professional organizations sponsored Moving Cooler, which was an effort to
identify different “bundles of transportation and land-use strategies and their likely impacts on CO, emissions.”
[Cambridge Systematics, 2009] The Moving Cooler study found, not surprisingly, that more compact development
patterns produced less travel and thus fewer CO, emissions. Transit and nonmotorized transportation improvements
were more effective at reducing CO, emissions in areas with higher population densities. It also concluded that
strategies to encourage the use of alternative modes (such as road pricing) would have a greater impact when applied
in conditions where better alternatives exist (as would be found with increased transit investment and more compact
land-use patterns).

In 2009, the Transportation Research Board published a study on the effects of the built environment on VMT,
energy consumption, and greenhouse gas emissions. [TRB, 2009] Given the nature of the work, and the emphasis on
facts and science underlying the conclusions, this report was much more circumspect than the two mentioned above.
The conclusions included:

1) Developing more compactly, that is, at higher residential and employment densities, is likely to reduce
VMT.

2) 'The literature suggests that doubling residential density across a metropolitan area might lower household
VMT by about 5 to 12 percent, and perhaps by as much as 25 percent, if coupled with higher employ-
ment concentrations, significant public transit improvements, mixed uses, and other supportive demand
management measures.

3) More compact, mixed-use development can produce reductions in energy consumption and CO, emissions
both directly and indirectly.

4) Illustrative scenarios developed by the committee suggest that significant increases in more compact,
mixed-use development will result in modest short-term reductions in energy consumption and CO,
emissions, but these reductions will grow over time.
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5) Promoting more compact, mixed-use development on a large scale will require overcoming numerous obsta-
cles. These obstacles include the traditional reluctance of many local governments to zone for such devel-
opment and the lack of either regional governments with effective powers to regulate land use in most
metropolitan areas or a strong state role in land-use planning.

6) Changes in development patterns significant enough to substantially alter travel behavior and residential
building efficiency entail other benefits and costs that have not been quantified in this study.

Additional studies and research will undoubtedly continue to study the relationship between transportation, land-use
patterns, and the resulting impacts. The major conclusion from the three above studies is that transportation behavior
and travel patterns can indeed be affected by land use and development patterns. The overall effect, however, will
depend on how much the needed development design or strategy (for example, compact development) will penetrate
the urban market.

Additional references useful to practitioners include National Cooperative Highway Research Program (NCHRP)
Report 684, Enhancing Internal Trip Capture Estimation for Mixed-Use Developments [Bochner et al., 2011]; Transit
Cooperative Research Program (TCRP) Report 95, chapter 15 on Land Use and Site Design [Kuzmyak et al., 2003]
and chapter 17 on 70D [Pratt et al., 2007]; and the ITE Recommended Practice on Traffic Impact Analysis for Site
Development [ITE, 2010a].

IV. URBAN DESIGN

Transportation planners and engineers often become involved in another planning effort called urban design.
[Montgomery, 2013] Urban design is “concerned with the physical characteristics of the city and the implications of
design and planning decisions for the public realm of the city. The urban design strategy must serve as an integrating
tool, one that coordinates how various public and private development proposals, including transportation and
public infrastructure, will affect the city physically.” [City of Pittsburgh, 1998]

Urban design guidance and principles can take many forms. In some cases, communities provide illustrations or
concepts of what development characteristics and associated amenities are desired in future development. As an
example, Figure 3-4 shows the core development principles adopted as part of a corridor planning study for

Figure 3-4. Core Development Principles and Means of Applying Them, City of Madison, Wisconsin

East Washington Capitol Gateway Corridor
Core Development Principles

Implementation
Techniques

.i"‘:' 7
Establish Corridor as
Employment Center
Supported by Transit

Protect & Enhance Respect & Strengthen
Iconic View of Capitol Existing Neighborhoods

Create Inviting &
Vibrant Boulevard

Land Use

Bulk Standards
(Height, Setbacks, Stepbacks)

Design Guidelines .

Transportation and Parking

Source: City of Madison, 2008, Reproduced with permission of the City of Madison.
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a major urban arterial road in Madison, Wisconsin, and the implementation techniques that could be used to
apply them.

Table 3-4 shows the values articulated by a citizens steering committee for urban design concepts relating to the
corridor’s land use. Urban design standards for the corridor area (that would be incorporated into city development
or site plan reviews) were developed simultaneously with the corridor plan.

Figure 3-5 illustrates some of the development and transportation concepts that were recommended for the corridor.

In other cases, urban design guidance takes the form of narrative descriptions of the principles and actions that
should guide the “look” and “feel” of community places. [Eitler et al., 2013] For example, the Milwaukee, Wisconsin,

Table 3-4. Articulated Design Values as Part of an Urban Arterial Corridor Study, Madison, Wisconsin

Character of Development | e Fully utilize infrastructure/reduce urban sprawl
¢ Provide vibrant mix of businesses

e Protect neighborhood character

e Enhance recreation open space

e Create live-work environment

Identity ¢ Preserve and enhance attractiveness of area to the “new, creative workforce”
Building Facades & e Create a dynamic skyline
Architecture

¢ Encourage high-quality development that is visually compatible with architectural context

e Enhance pedestrian experiences through architectural design

Streetscapes ¢ Create pedestrian-scale environments and public spaces

¢ Encourage visible building activity

¢ Bury overhead utility wires

¢ Encourage and support public art

¢ Encourage energy-efficient and low-glare outdoor lighting

e Emphasize grand entranceway

Neighborhood Character, | ¢ Ensure compatibility along corridor with adjacent neighborhoods

Compatibility & Context

¢ Ensure development adjacent to public areas has attractive facades and bicycle and
pedestrian connections

Employment ¢ Retain and attract high wage employment

¢ Retain and attract businesses that provide meaningful employment to residents

Types of Businesses e Provide incubator space
e Provide post-incubator space
e Attract light industrial and office businesses

e Focus business development on job creation, family-supporting wages, and
neighborhood-based businesses

Transportation e Coordinate transportation options and land use

e Establish an efficient and safe transportation corridor

Trucks e Respect US-151 (the major arterial road) as a regional commuter artery

Parking e Provide (public and private) parking for businesses

Source: City of Madison, 2008, Reproduced with permission of the City of Madison.
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Figure 3-5. Development and Transportation Urban Design Concepts, City of Madison, Wisconsin
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Department of City Development has adopted the following principles for urban design within the city. [City of
Milwaukee, undated]

Principle #1: Neighborhood Compatibility
New development should be compatible with the pattern of its surrounding context. Development that adheres to
this principle will:

¢ Relate to the physical character and scale of the neighborhood.

 Enhance linkages to surrounding uses, especially public services and amenities (schools, parks, mass transit).

Principle #2: Pedestrian Friendly Design
New development should be designed to create attractive, comfortable, and safe walking environments. Development
that adheres to this principle will:

¢ Locate buildings to define street edges and corners.
e Enliven street frontages to enhance the pedestrian experience.

¢ Create memorable places for people.

Principle #3: Land-use Diversity
Diversity uses land efficiently, provides for neighborhood convenience, and contributes to unique urban experiences.
Development that adheres to this principle will:

 Encourage a compatible mix of uses at the neighborhood scale.

o Identify opportunities for shared uses.

Principle #4: Transportation Diversity
The transportation system should be maintained and improved in ways that accommodate various modes of trans-
portation balanced with needs for pedestrians. Development that adheres to this principle will:

¢ Create a balanced circulation system that accommodates mobility choice (pedestrians, automobiles, bicycles,
and transit).

 Enhance public transportation by making it more comfortable and convenient to use.
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As can be seen in these principles, transportation is often a part of urban design policies. The following
transportation-related principles from the City of Minneapoliss urban design policy [City of Minneapolis,
2009] provide another example of the mutually reinforcing relationship among development, urban design, and
transportation considerations:

Downtown

e 'The ground floor of buildings should be occupied by active uses with direct connections to the sidewalk.

¢ Integrate components in building designs that offer protection to pedestrians, such as awnings and canopies,
as a means to encourage pedestrian activity along the street.

 Locate access to and egress from parking ramps mid-block and at right angles to minimize disruptions to
pedestrian flow at the street level.

¢ Coordinate site designs and public right-of-way improvements to provide adequate sidewalk space for pedes-
trian movement, street trees, landscaping, street furniture, sidewalk cafes, and other elements of active
pedestrian areas.

¢ Use skyways to connect downtown buildings and that:
¢ Provide consistent and uniform directional signage and accessible skyway system maps near skyway
entrances, particularly along primary transit and pedestrian routes.

¢ Provide convenient and easily accessible vertical connections between the skyway system and the public
sidewalks, particularly along primary transit and pedestrian routes.

Multi-Family Residential

¢ Medium-scale, multi-family residential development is more appropriate along Commercial Corridors,
Activity Centers, Transit Station Areas, and Growth Centers outside of Downtown Minneapolis.

¢ Orient buildings and building entrances to the street with pedestrian amenities like wider sidewalks and green
spaces.

Single-Family and Two-Family Residential
e New driveways should be prohibited on blocks that have alley access and no existing driveways.
Mixed-Use and Transit-Oriented Development

e Provide safe, accessible, convenient, and lighted access and way finding to transit stops and transit stations
along the Primary Transit Network bus and rail corridors.

¢ Coordinate site designs and public right-of-way improvements to provide adequate sidewalk space for pedes-
trian movement, street trees, landscaping, street furniture, sidewalk cafes, and other elements of active
pedestrian areas.

Commercial

¢ Enhance pedestrian and transit-oriented commercial districts with street furniture, street plantings, plazas,
water features, public art, and improved transit and pedestrian and bicycle amenities.

* Require storefront window transparency to assure both natural surveillance and an inviting pedestrian
experience.

¢ Maximize the year-round potential for public transit, biking, and walking in new developments.

Industrial

¢ Design industrial sites to ensure direct access to major truck routes and freeways as a way to minimize
automobile and truck impacts on residential streets and alleys.
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Public Spaces

¢ Emphasize improving public access to and movement along the riverfront.

¢ Develop public plaza standards that give specific guidance on preferred design and maintenance of seating,
lighting, landscaping, and other amenities utilizing climate sensitive design principles.

These principles focus on the characteristic of buildings and sites as they relate to transportation options. Streets,
sidewalks, and parking facilities are also often part of urban design guidance. Again, from the Minneapolis guidance,
the following list presents the urban design-desired actions for streets and sidewalks:

o Consider street variations as a last resort to preserve the network of city streets and arterials.
¢ Integrate and/or reuse historic pavement materials for streets and sidewalk reconstruction, where appropriate.

¢ Reduce street widths for safe and convenient pedestrian crossing by adding medians, boulevards, or
bump-outs.

¢ Improve access management and way-finding to and from all streets, sidewalks, and other pedestrian
connections.

¢ Explore options to redesign larger blocks through the reintroduction and extension of the urban street grid.

e Encourage wider sidewalks in commercial nodes, activity centers, along community and commercial
corridors, and in growth centers such as Downtown and the University of Minnesota.

e Provide streetscape amenities, including street furniture, trees, and landscaping that buffer pedestrians from
auto traflic, parking areas, and winter elements.

o Integrate placement of street furniture and fixtures, including landscaping and lighting, to serve a function
and not obstruct pedestrian pathways and pedestrian flows.

o Employ pedestrian-friendly features along streets, including street trees and landscaped boulevards that add
interest and beauty while also managing storm water, appropriate lane widths, raised intersections, and
high-visibility crosswalks. [City of Minneapolis, 2009]

Urban design also focuses on public spaces. The American Planning Association (APA) defines a public space as “a
gathering spot or part of a neighborhood, downtown, special district, waterfront, or other area within the public realm
that helps promote social interaction and a sense of community. Possible examples may include such spaces as plazas,
town squares, parks, marketplaces, public commons and malls, public greens, piers, special areas within convention
centers or grounds, sites within public buildings, lobbies, concourses, or public spaces within private buildings.” [APA,
2015] (Note that the importance of public space is recognized as one of the six core principles for roadway systems
planning in ITE’s Recommended Practice for Planning Urban Roadway Systems [2014]).

In the planning and urban design literature, planners often refer to “place-making,” which means incorporat-
ing urban design concepts into a public (or private) space turning the location into a vibrant and economically
sustainable “place to be.” Transportation has a critical role in making this happen. For example, the types
of transportation strategies as part of a public space include the availability and adequacy of sidewalks; sidewalk
buffers, for example street trees, landscaping, on-street parking, and the like; bike lanes where feasible and the
addition of bike share stations; urban design guidelines that address streetscape/pedestrian amenities; street trees
that provide shade; and other walkability amenities. The concept of Complete Streets is a good example of how
publicly provided transportation space can be made more appealing to a range of users (see chapter 9 on road and

highway planning).

In recognition of the importance of place making, some MPOs have created funding programs for local cities and
towns to develop master plans for targeted community areas where a mix of land uses and appropriate transportation
strategies can be combined to create a special place. The Atlanta Regional Commission (ARC), for example, was
one of the first MPOs to develop such a program. Called the Livable Centers Initiative (LCI), the program awards
funding grants to local communities and nonprofit organizations to develop plans that (1) encourage a diversity of
mixed-income residential neighborhoods, employment, shopping, and recreation choices in activity centers, town
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Figure 3-6. Local Project Types Funded for Livable Centers Initiative Funds, Atlanta Regional
Commission, 2014

Transportation Projects Funded by Type

Pedestrian Facility | 50%

Joint Bike-Ped Facility | 17%
Operations & Safety | 11%

Capacity Reduction or Conversion | 8%
Transit Facilities Capital | 8%
Sidepaths and Trails | 5%

Bicycle Facility | 1%

Source: ARC, 2015b, Reproduced with permission of the Atlanta Regional Commission.

centers, and corridors; (2) provide access to a range of travel modes including transit, roadways, walking, and biking
to enable access to all uses within the study area; and (3) develop an outreach process that promotes the involvement

of all stakeholders. [ARC, 2015b]

Implementation funds are also available to those recipients where the plans have been formally adopted by the local
government as part of comprehensive plans and/or who have taken steps to implement the recommendations, such
as creating tax allocation districts or downtown development authorities. Figure 3-6 shows the distribution of ARC’s
transportation implementation funds with respect to the types of projects funded. It is interesting to note that the
majority of funds were spent on pedestrian walkways and other connectivity measures. Given that, as of 2014, the ARC
board had committed $500 million through 2040 for projects identified in LCI studies, the program can be considered
quite a success. Just over $172 million in federal funds have been spent on LCI construction projects since 2000, with
the total investment (including local matches) exceeding $235 million. [ARC, 2015b] Sixty-nine percent of all the
new office growth in the region between 2000 and 2014 occurred in LCI-designated centers. The Houston-Galveston
Area Council (H-GAC) has a similar “Livable Centers” program. [H-GAC, 2015]

It should be noted that some of the urban design principles listed above could very well conflict with engineering
design practice or guidelines (for example, the use of trees to define a street space, or policies on turning lanes or
two-way streets). In such cases, transportation officials usually enter into discussions with relevant officials to provide
the transportation infrastructure and services that best support adopted urban design principles. This approach is
called context sensitive solutions (CSS) and is discussed later in this chapter.

V. LAND-USE FORECASTING AND TRANSPORTATION PLANNING

For short-term analyses (3 to 5 years), transportation planners can usually take the current activity or land-use sys-
tem as a given. In such cases, an inventory of the current land-use activity system for the study area is adequate to
identify the number of trips to be generated from, or attracted to, a study area. In the long run (5 or more years), how-
ever, the urban land-use activity system clearly does change. Neighborhoods gain or lose population or employment
of various types. New areas may be developed while older, developed areas may decline in quality, be renovated, or
undergo redevelopment. As a result, travel demand patterns and transportation system requirements will also change.
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Hence, long-range transportation planning must explicitly consider expected changes in the urban activity system in
order to predict future travel demand.

The timeframe for forecasting land-use change varies by the type of planning study. Comprehensive planning usually
considers “build-out” horizon years, often in the 30- to 50-year time horizon, and is applied area-wide. The long range
transportation planning process most often uses a 20-year time horizon and is applied at the metropolitan or citywide
levels. Project planning for the National Environmental Policy Act (NEPA) project development process uses horizon
years of 20 to 25 years and is often done at the corridor or site level. Air quality conformity/programming focuses on
horizon years of 6 to 20 years and occurs usually at the air basin or regional level. The timeframe for site impact studies,
and the associated traffic impact analysis, will vary depending on local regulations and rules. Usually, the target years
for projections include the year of development opening, 5 to 10 years beyond opening date, and full build-out (if the
development site is part of a larger activity center).

A. Population and Employment Forecasting

In most cases, transportation planners are provided a population and employment control value often generated
from state-level economic forecasts. In many states, it is expected that the population and employment forecasts will
conform to this overall total forecast, although the distribution of such forecasts within the study area is left to the
metropolitan or local planning agency.

Approaches for forecasting changes in population include the following:

o 'The ratio-trend method, which relates the population of a study area to the rising or falling ratio of that area’s
population to the population of a larger area, for which an accepted population forecast exists.

o 'The cohort-survival method, which adds the effects of net natural population increase and net migration to the
existing population.

o 'The economic-base method, which gears population growth to a forecast of employment growth.
o 'The application of a constant or gradually declining compounded annual rate or percentage increase in population.

o A constant absolute rate of population increase per annum or per 5- or 10-year period.

Employment forecasts, which typically tend to be more difficult to perform, use techniques such as trend extrapolation,
input-output analysis, and professional (usually economic) judgment. In the United States, the Federal Reserve Bank
system provides employment forecasts for individual metropolitan areas, as does the Bureau of Labor Statistics.

As an example of population forecasts for a large metropolitan area, the ARC notes that its process was “a multi-year
effort, benchmarking and culminating into region plan updates. Several forecasting models are used and evalu-
ated. In addition, several advisory meetings are held with local economists, dozens of engagement meetings are
held with local governments and constituents over several iterations.” [ARC, 2014a] ARC staff used the Regional
Economic Models, Inc. (REMI) model to forecast population control totals, and then used another process to dis-
tribute the population throughout the region. The types of input data (or assumptions) for the ARC REMI model
application included: population survival rates; population characteristics by race; birth rate; labor participation
rates; equations that predicted economic output and employment by industry; unemployment rates; special pop-
ulations such as those living in boarding houses, college dormitories, prisons, and mental institutions; fuel demand;
migration; and economic and retired migrants. [ARC, 2014b] The forecasted regional total was then allocated to
smaller districts.

B. Interrelationship between Land-Use Forecasts and Travel Modeling

Land-use forecasts provide two important inputs into predicting future transportation demand: (1) the future levels
of population and employment (that is, what will be the future demand?) and (2) the distribution of land uses in the
study area (that is, where will trips be coming from and going to?). Figure 3-7 shows the key components of a land-use
forecasting model (UrbanSim) and its relationship to a travel demand model as used by the Puget Sound Regional

Council (PSRC).
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Several observations illustrate what is generally true of all ~ Figure 3-7. Land-Use and Travel Modeling, Puget
land-use models and their relationship to travel demand  Sound Regional Council

modeling. First, accessibility is the major predictor of land Geodatabase

use, that is, the more accessible a parcel of land, the more Regional Economic Transport
desirable it is for development. This accessibility comes Forecasts

from the travel demand model after it has run through its
many steps, shown in Figure 3-7 as a two-way arrow (see Land Use Travel Activity-based
chapter 6). There is, thus, a feedback loop from the demand Forecasts Forecasts

model to the land-use model and, in fact, land-use models
are often run through iterations with the updated demand
model feedback in order to reach an equilibrium state. In
other words, land-use patterns will affect travel times and
costs, which in turn could affect land-use patterns, which in
turn could affect travel times and costs, and so on.

Air Quality Benefit-Cost
Analysis Analysis

Source: Puget Sound Regional Council, 2012

Second, the land-use model has an exogenous input representing regional economic forecasts. In this case, a model
other than the land-use model is used to forecast overall population and employment in the study area.

Third, a two-way arrow is also shown between the transportation network and travel forecasts. This represents the iden-
tification of projects and strategies as part of the planning process that will not only change the future transportation
network but, over time, will affect land use as well.

Finally, the air quality emissions model and the benefit-cost analysis module are simply post-model analyses conducted
to assess the air quality implications of the proposed plan and the benefits that will likely accrue.

Figure 3-8 shows another example from Figure 3-8. Activity-Based Modeling and Land Use, Denver Example
Denver, Colorado of the relationship
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modehng. [DRCOG, 2010] In this case, the Households and Jobs ¢ Households and and Households

relationship between the two is simulated Employment By Zone
using an activity-based travel-demand
model (ABM), which is one of the newer
forms of travel demand models (see chapter
6). Instead of being based on trips like a tra-

Highway and Traffic

Travel Model Forecasts Networks

¢ Roadway Flows and
ditional four-step model, ABMs represent Transit Boardings by Roads and Transit

» Existing and New

. . .. Time of Da
the actual travel behavior of an individual ' v Routes

over a specified period (for example, a day)
and use travel tours to reflect the fact that
many trips are made as a trip chain, with
possibly many different intermediate stops. In this modeling framework, the location of future population is syn-
thesized with a population synthesizer. In the Denver example, a forecast is developed of individual households and
persons with detailed demographic characteristics for chosen year. The synthesizer uses two sets of control variables
for household characteristics: regional-level controls and zonal-level controls (distributed with a land-use model).
The synthesizer then distributes the households randomly within the zone it resides, and assigns socio-demographic
characteristics that cumulatively match regional totals.

Source: Denver Regional Council of Governments, 2010

With regard to work location, the model takes all workers (as identified from the population synthesizer) and assigns
them a regular work location zone and point. Characteristics of the worker and their home zone are used in com-

bination with zonal characteristics to determine the desirability of any zone. For further information on the Denver
model, see [DRCOG, 2010].

In sum, no matter what type of travel model is used, a strong linkage exists between land-use forecasts and the travel

modeling process. Without having some sense of where households, people, and jobs will be located in the future, it
would be very difficult to undertake travel demand modeling in a credible way.

Land Use and Urban Design e 97



C. Distributing Population and Employment Among Study Zones

Once the change in overall population and employment has been estimated, the planner next distributes these amounts
to the traffic analysis zones in the study area. Transportation planning agencies use different types of land-use models,
or in some cases, rely on economic data analysis and local development expertise to forecast future land-use patterns.
Some models can be very comprehensive with numerous submodels and mathematical relationships intended to
represent the very complex evolution of a community’s development patterns. Others rely on simplifications, or simply
focus on the most important variables.

At least three generations of land-use modeling efforts can be identified from the practice in Western countries:
(1) experimentation in the 1960s with a variety of modeling methods, (2) the emergence of large-scale simulation
models in the 1970s, and, (3) currently, operational models that have evolved over the past 20 years and that have
built on and extended the earlier models.

Of the various first generation models, the Lowry model has had by far the most enduring impact on the field.
[Lowry, 1964] It is a heuristic model that iteratively allocates households to residential locations and retail or
population-serving workers to employment locations, based on an exogenously supplied distribution of basic
employment. Lowry models in various forms and of varying levels of complexity have been widely applied, although
they are subject to a number of criticisms, including the lack of a dynamic structure and a lack of representation of
urban land markets.

The key concept underlying the Lowry model is the definition of two classes of employment: retail and basic. Retail
employment arises from all activities that are implicitly related to population and purchasing power. All activities
for which a local market or service area can be identified for final products or services are in the category of retail
employment. Major shopping centers and office complexes are example sources of retail employment. Basic employ-
ment is composed of everything else, that is, all those activities that are site-oriented in that their locations are
dependent on factors other than the size and location of residence-oriented local market areas. Thus, for example,
heavy industrial locations are considered to be sites of basic employment.

The model assumes that the basic employment in each zone of the urban area is exogenously determined. Given this
base employment, the model allocates these workers to residential areas in the urban area using a work-to-residence
distribution function. Then, given this residential distribution, the distribution of retail employment serving this pop-
ulation is similarly allocated using a resident-to-shop distribution function. These workers, in turn, must be allocated
to residences, which then generate additional retail activity (employment) and so on. Thus, the model incorporates
a multiplier effect in which each new employee

(basic or retail) generates further retail employ-  Figure 3-9. Land-Use Modeling, Puget Sound Regional Council

ment, until the entire process converges to an VS 00  ES ...

equilibrium state.

The basic concept in the Lowry model (in a
simplistic sense) and in more modern models
is that key “agents” are making decisions
that together over time result in land-use
patterns. Figure 3-9 from the PSRC model,
for example, shows four major “agents” that
influence future population and employment
locations—government, people or households,
employers, and developers. In any given year
of the land-use simulation model:

Housing Developers Floorspace

Labor, Goods,
Services

—> Flow of consumption from supplier to consumer
------- » Regulation or pricing

Households Business

Source: Puget Sound Regional Council, 2012

¢ Developers use land to construct housing and nonresidential floor space demanded by households and busi-
nesses, which are also interacting in the labor market and in the markets for goods and services.

¢ Governments provide infrastructure and services, regulate, and, in some cases, alter prices for the use of land
and infrastructure.

¢ Households, individuals, employers, developers, and governments are the key agents that respond to
market forces.
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¢ Households make a cluster of interdependent long-term lifestyle choices, including when to move, neighbor-
hoods to locate within, the type of housing to rent or purchase, and the number of vehicles to own. Individuals
within households choose their labor force and educational status, their job mobility and job search, their
daily activity schedule, their transportation mode, and route.

e Employers choose to start and close establishments, and choose site locations, size of employment, and types
and quantities of real estate to rent or purchase.

¢ Developers choose to undertake real estate development projects, and the scale and locations of those projects.

e Governments set policies and make investments that affect the choices of other agents, and also make devel-
opment choices regarding public facilities, including type, location, and scale of development. [PSRC, 2012]

These agents interact in a variety of ways to form future land-use patterns. For example, Figure 3-10 shows four
models included within the modeling platform representing the decision process that occurs cumulatively within the
overall model. Thus, for example, the model begins with a real estate price model, then proceeds to an expected sale
price model, a development proposal choice model, and a building construction model. The intent of these models is
to represent the availability of developable land and the corresponding land price. This then feeds into employer and
household location decisions.

The basis for distributing population and employment among the zones in the study area—and one mathematically
incorporated into land-use models—is the attractiveness of a particular location. The attractiveness of a location for a
given activity depends on a wide variety of factors. For example, the attractiveness of a neighborhood as a residential
location depends on characteristics such as: (1) the lot or house price, size, type, age, and quality of the available
housing; (2) the quality and proximity of schools (if the household contains school-age children); (3) the availability
of parks and other recreational facilities; (4) the extent to which the neighborhood is hazard-free (where hazards might
include busy streets, noxious factories, and the like); and (5) the social-ethnic-racial composition of the neighborhood
(and perceived trends in this composition). Similarly, the attractiveness of a location for a retail store depends on
factors such as: (1) the availability of a suitable building for the store, (2) the location of the building relative to the
street, (3) pedestrian flows and parking, (4) the rent for the building, (5) the expected market at the location for
the goods being sold, and (6) the mix of retail stores currently located in the neighborhood.

In practice, the analysis is limited by the number of attraction attributes that can be specified and observed. The result is
that surrogates, generally size variables (for example, total retail floor space in a zone as a measure of retail attractiveness

Figure 3-10. Models Representing Development Decision Making, Puget
Sound Regional Council
Land

Development
Models

Process Pipeline Events

Real Estate Price Model

Expected Sale Price Model

Household Development Proposal Choice Model Employment
Location o : Location
Buil truction Model
Models uilding Construction Mode! Models
Household Transition Model Employment Transition Model
Household Relocation Model Employment Relocation Model
Household Location Choice Model Employment Location Choice Model
Workplace
Location
Models

Source: Puget Sound Regional Council, 2012
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or total number of single-family housing units in a zone as a measure of residential attractiveness), are used in place
of more specific behavioral variables.

Attractiveness is also influenced by accessibilizy, which typically provides the basis for the transportation component of
urban activity or land-use modeling. Accessibility is generally defined as some aggregate measure of the size and close-
ness of activity opportunities of a given type to a particular location. For example, in characterizing the accessibility
of a residential zone 7 to retail shopping opportunities, a common measure used is:

A;= Z Fjae_ﬁ% (3-1)
j=1

where,

A; = accessibility of zone 7 to shopping opportunities

F; = amount of retail floor space in zone j

t; = travel time from zone 7 to zone j

n = number of zones with retail stores

a = parameter indicating the relative sensitivity of accessibility to store size (@ > 1)

p = parameter indicating the sensitivity of trip-making to travel time (the larger f§ is in magnitude, the

less likely people are to travel long distances to shop)

As indicated in equation 3-1, it is assumed that location choice is positively correlated with accessibility. That is, it
is assumed people would like to have more accessibility than less to shopping and employment opportunities, retail
stores would like to be highly accessible to high-income households, and so on. The negative exponent to the travel
time variable in equation 3-1 indicates that as the travel time between residential locations and shopping increases,
the level of accessibility decreases. Similarly, the larger the value of F in the equation, the amount of retail space, the
more desire there is for residents to travel to that location.

The output of land-use forecasting provides Figure 3-11. Population by Age Group, 2010-2040, Metropolitan
travel models with the expected location of  Council, Minneapolis-St. Paul, Minnesota

population and employment sites in the study
area for the target year, as well as interim

years. The following list and Figure 3-11 from 681,000 (20%)
475,000 (15%)

783,000 (22%)

the Metropolitan Council (Met Council) in 307,000 (11%)
the Twin Cities, Minnesota note the typical
information produced by a regional forecast.
1,579,000 1,654,000 1,664,000 1,751,000
o According to the latest regional (55%) (53%) (49%) (48%)

forecast, the Twin Cities region will

gain 783,000 residents over the

next 30 years, bringing the total
population of the region to 3.6

e 9 % 667,000 (18%

million in 2040. 581,000 (20%) 603,000 (19%) 626,000 (18%) (18%)

e By 2040, the Twin Cities region will 2010 2020 2030 2040
experience three major demographic O Ages 0-14 B Ages 1524 B Ages 25-64 B Ages 65+

shifts. The population will be,
(1) more racially and ethnically di-
verse, (2) older, and (3) more likely
to live alone.

Source: Metropolitan Council, 2015a

¢ Jobs and economic opportunity attract people to the Twin Cities region. The churn of people moving
to and from the Twin Cities region is increasing the racial and ethnic diversity of the workforce and
schools.

e 'The housing needs and preferences of older adults—residents over age 65—will significantly reshape the
region’s housing market.

o 'The Twin Cities region will add 468,000 jobs, bringing the total number of jobs to over 2 million by 2040.
[Met Council, 2015]
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Figure 3-12. Change in Employment, 2010-2040, Metropolitan Council, Minneapolis-St. Paul, Minnesota
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Source: Metropolitan Council, 2015b

Figure 3-12 shows typical results of the distribution phase of land-use modeling, again from the Metropolitan Council.
In this case, the figure shows the distribution of new jobs both on an absolute change basis and on a percentage basis.

Figure 3-13 from the Southeastern Wisconsin Regional Planning Commission (SEWRPC), the MPO for the
Milwaukee, Wisconsin, metropolitan area, shows another common characteristic of population/employment
forecasting and land-use modeling. As shown in the figure, the forecasted employment is viewed from three scenarios,
each representing different assumptions as to growth rates, state of the economy, and other variables that might
make the Milwaukee area more or less attractive for population and employment. [SEWPRC, 2013] The figure
depicts the projected changes in employment under each scenario for both the metropolitan region and one of the
MPO member counties. Use of scenarios will be further discussed in the following section.

While it is beyond the scope of this chapter to describe in detail each of the land-use models available in practice today,
this section has, nevertheless, provided a very brief overview of the major concepts as to how land-use forecasting is
conducted. The transportation planner should be careful when considering a land-use model to understand: (1) the
data requirements for each candidate model, (2) the amount of staff resources necessary to calibrate and use the model,
(3) the underlying logic of the land development decision-making process embedded in the model, and (4) the level of
integration to travel forecasting. In some cases, formal land-use models will make sense; in other situations, scenarios
or expert panels might very well suffice to provide the information necessary to conduct transportation planning.

Land-use models are constantly evolving and are continuously being updated by model developers. Several papers and
books provide more detailed comparisons of available land-use transport models (see, for example, see [Hunt, Kriger
and Miller, 2005; Meyer and Miller, 2014; Waddell, 2011; and Zhao and Chung, 2010]). Thus, planners interested
in the latest characteristics of a particular land-use model should examine the most recent documentation for that
particular model to see recent enhancements. In particular, most MPOs provide documentation of their land-use
forecasting methodology and assumptions. A representative set of documentation includes:

¢ Atlanta Regional Commission (ARC). 2014a. “Regional Forecasting (Socio-economic Allocation),” http://
www.atlantaregional.com/info-center/forecasts/forecast-development.

¢ Denver Regional Council of Governments (DRCOG). 2010. “Focus Model Overview,” https://drcog.org/
sites/drcog/files/resources/FocusOverview_WebVersion.docx.

¢ Metropolitan Council (Met Council, Minneapolis-St. Paul). 2015a. “The Regional Forecast to 2040,” http://
www.metrocouncil.org/Data-and-Maps/Publications-And-Resources/MetroStats/ Census-and-Population/
Steady-Growth-and-Big-Changes-Ahead- The-Regional-F.aspx.
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Figure 3-13. Forecasted Employment, Southeastern Wisconsin Region and Kenosha,
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o Southeastern Wisconsin Regional Planning Commission (SEWRPC, Milwaukee). 2013. 7he Economy of
Southeast Wisconsin. http:/[www.sewrpc.org/ SEWRPCFiles/Publications/TechRep/tr-010-5th-ed-economy-
se-wisc.pdf.

e Southern California Association of Governments (SCAG, Los Angeles). 2010. “Growth Forecast,” http://
rtpscs.scag.ca.gov/Documents/2012/final/SR/2012fRTP_GrowthForecast.pdf.
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In addition, the FHWA manages a website that provides information on the latest developments in land use and
transportation planning, which provides a good source of up-to-date information. The website can be found at:
http://www.thwa.dot.gov/planning/processes/land_use/.

VI. SCENARIO ANALYSIS FOR URBAN FORM

Instead of formal land-use models, many planning agencies use some form of a scenario-based approach or other
subjective techniques to predict future land-use patterns. Land-use scenarios can represent different types of desired
land-use patterns, for example, more clustering of development around transit stations, encouraging new development
to locate in established cities and towns, or expecting infill development in more established communities in the
region. Figure 3-14 shows a summary of the process used by a travel modeling effort from Fredericksburg, Virginia,
that included land-use scenarios in the methodology.

The project team established two focus groups, one with business and development interests (to identify factors that
make land more attractive to development) and a second with chief planners and public works officials (to identify the
effect of local land development policies and available infrastructure on future development patterns and intensities).
Three citizen workshops were held to capture community values and attitudes toward growth in the region. An online
survey captured residents’ perceptions toward growth and long range planning. A project steering committee was
established to provide direct oversight and counsel in the planning process. All of this input led MPO planners to
prepare four alternative growth scenarios. Each scenario was sufficiently different to allow for real choices to be made
on how the region could develop under one or more planning initiatives (see Figure 3-15). The four growth scenarios
were identified as:

e Decentralized Growth
e Compact Centers & Growth Corridors
e Green Print Initiative

o Greater Jobs-Housing Balance

Table 3-5 shows how the different scenarios relate to the 24 performance measures identified by the planning study.
As seen in the table, providing incentives for jobs and housing to be located closer together is found to be the most
effective in meeting study objectives, a result which has been echoed in many other studies.

Figure 3-14. Use of Scenarios in Travel Forecasting, Fredericksburg, Virginia

General Process Diagram

Socio-

Cost

Long-Range

/ .
// Scenario Model Transportation

7
)
Wy
2 =
llllll'//llllllll s e

// Development
[/ .
Scenarios

Land Use and Urban Design * 103



Figure 3-15. Scenario Characteristics, Fredericksburg, Virginia
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A 2005 review of scenario planning experience in the United States showed its widespread utilization among planning
agencies. [Bartholomew, 2005] Tables 3-6 to 3-9 show different characteristics of the scenarios and their evaluation
found in this review.

Scenario analysis shows the expected transportation implications for different types of land-use patterns, or of different
population characteristics. [Zmud et al., 2014] Decision makers can adopt one scenario or a combination of scenarios
as the desired future land-use pattern and can provide investment in transportation facilities and services that would
best lead to such a future.

VIl. HIGHWAY FACILITY-RELATED STRATEGIES

At a regional or community scale, land-use strategies can influence the amount of travel occurring in a transportation
system and the flows occurring on the network. At the individual facility level, land-use considerations can also have
an effect on road performance and safety. Two strategies, in particular, have been used by transportation planners and
engineers to improve facility operations and design characteristics: access management and context sensitive solutions
(CSS). Both of these strategies are discussed in detail in ITE’s Traffic Engineering Handbook [Pande and Wolshon,
2016], as well as in chapter 9 of this handbook. The following sections provide an overview of both from the perspective
of how land-use considerations are incorporated into project-level planning.

A. Access Management

Many different types of transportation and land-use strategies can be considered as part of the transportation planning
process. It is beyond the scope of this chapter to describe each in detail. However, one strategy clearly links land
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Table 3-5. Results of Land-use Scenarios, Fredericksburg, Virginia
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o Moderately satisfies

o Somewhat satisfies

Table 3-6. Types of Land-Use Patterns Examined in Scenario Studies

o Least satisfies

(n = 225)

Scenario Types

Number of Scenario Studies

Center, cluster, or satellite 58
Compact 43
Dispersed, fringe, or highway-oriented 39
Corridor 5
Infill or redevelopment 24
Other or undefined 36

Source: Bartholomew, 2005
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Table 3-7. Variables Distinguishing Scenario Studies (n = 80)

Variable Number of Scenario Studies
Rate or amount of growth 20
Location of growth 73
Density of growth 76
Design of growth 25
Homo/heterogeneity of growth 50
Transportation system elements 40
Pricing/policy elements 12

Source: Bartholomew, 2005

Table 3-8. Types of Analysis Tools Used in Scenario Planning Studies (n = 80)

Types of Tool Number of Scenario Studies
Travel forecasting model 47
with transit/pedestrian-oriented development submodel 9
with a GIS scenario building tool 20
with a land-use allocation model 7
Sketch travel model 3
Sketch land-use/travel model 3
Land-use model only 4
GIS scenario building tool only 10
Economic model/analysis 6
Other/no data 13

Source: Bartholomew, 2005

Table 3-9. Indices Used to Evaluate Scenarios (n = 80)

Measure Number of Scenario Studies
Transportation 63
Auto ownership 5
Vehicle miles traveled 50
Vehicle trips 20
Average trip length 16
Vehicle hours of travel 24
Average peak hour speed 19
Other congestion 28
Mode shares 23
Transit ridership 27
Households served by transit 20
Orther transportation measures 23
Land use 47
Amount of developed land 33
Amount of agricultural land converted 25
Other land-use measures 32
Sewer capacity 6
‘Water consumption 12
Fiscal cost 30
Air quality 33
Energy consumption 18
Greenhouse gas emissions 10

Source: Bartholomew, 2005
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use, urban design, and transportation issues at the facility level, this being access management. It is a basic tenet of
transportation engineering that site access should maintain the operational integrity of the surrounding road system.
This can be best achieved by applying access management principles and designs.

Access management provides or (manages) access to land development while simultaneously preserving the flow
of trafhc (safety, capacity, and speed) on the surrounding road system. It consists of the systematic control of the
location, spacing, design, and operation of driveways; median openings; interchanges; and street connections to
a roadway. It also includes applications such as median treatments, auxiliary lanes, and the appropriate spacing of
traffic signals. [ITE, 2010a]. An important access management objective is to ensure that the cumulative effects
of a series of closely spaced, uncoordinated developments do not deteriorate safety and mobility on the surrounding
road system.

Key elements of access management include defining allowable access for various types of roadways, establishing
spacing of traffic signals and driveway connections, providing a way to grant variances when reasonable access cannot
otherwise be provided, and establishing a means of enforcing standards. The degree of access control and management
is determined by statute, deed, zoning, and operational and geometric design standards. Comprehensive statewide
access management codes are found in several states including Colorado, Florida, Minnesota, New Jersey, Oregon,
and South Dakota. [Committee on Access Management, 2003]

Access management codes and ordinances specify when, where, and how access can be provided to developments along
a roadway. Access classification systems, an integral part of these programs, give the relevant access with spacing
guidelines. They relate the allowable access to each roadway’s purpose, importance, and functional characteristics.
A functional classification system provides the starting point in assigning highways to access categories. Modifying
factors include development density, driveway density, and geometric design features, such as the presence or absence
of a median. Additional guidelines for access management are set forth in the Access Management Manual. [Committee
on Access Management, 2003]

NCHRP Report 548, A Guidebook for Including Access Management in Transportation Planning, provides useful
recommendations on how access management can be better integrated into the transportation planning process.
[Rose et al., 2005] Specifically, this guidebook recommends the following steps for an effective access management
program:

e Develop and apply an access classification system that assigns access management standards to roadways in
accordance with their level of importance to mobility. This system generally parallels the roadway functional
classification system.

e Plan, design, and maintain road systems based on this access classification system and related road geometry.
¢ Define the level of access permitted to each classification, which includes the following:

¢ Permitting or prohibiting direct property access.

¢ Allowing for full movement, limited turns, and median.

¢ Designating the type of traffic control required such as signal, raised median, or roundabout.

o Establish criteria for the spacing of signalized and nonsignalized access, as well as access setback distances
from intersections (corner clearance) and interchanges.

e Apply agreed-upon engineering standards that include appropriate geometric design criteria and traffic
engineering measures to each allowable access point or system of access points.

e Establish policies, regulations, and permitting procedures to implement the listed components.

 Ensure coordination with and supportive actions by local jurisdictions exercising their land-use planning
authority as well as their development permitting and review authority.

More detailed information on access management from an engineering perspective is found in ITE’s Traffic Engineering
Handbook. [Stover and Williams, 2016]
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B. Context-Sensitive Solutions (CSS)

An important trend in project development in the past decade—and one that links closely to urban design and
land-use issues—has been the increasing consideration of the context within which design occurs. [McCann, 2013]
Referred to as context-sensitive design (CSD) or CSS (to reflect a broader perspective on potential problem solutions),
this approach to design is defined by the FHWA as “a collaborative, interdisciplinary approach that involves all stake-
holders to develop a transportation facility that fits its physical setting and preserves scenic, aesthetic, historic, and
environmental resources, while maintaining safety and mobility.”[FHWA, 2000]

As noted in an NCHRP report, “CSD recognizes that a highway or road itself, by the way it is integrated within
the community, can have far-reaching impacts (positive and negative) beyond its traffic or transportation function.
The term CSD refers to as much an approach or process as it does to an actual outcome.” [Neuman et al., 2002]
This chapter uses the term CSS because much of the broad context for transportation facility design in urban areas is
defined by the land use and community character surrounding the project. CSS is important to planning practitioners
because it describes the best strategies of how to combine the principles or solve the conflicts of urban design and
engineering design. Chapter 9 on road and highway planning also presents material on CSS.

Fundamental to CSS approaches is an urban planning concept called the urban-to-rural transect, developed by
New Urbanist Andrés Duany. [Duany et al., 2009] As shown in Figure 3-16, the transect represents a transition
in development environments ranging from open land to higher density development patterns. Importantly to
transportation planners, this transition could also mean a different style of road design, transit service provision,
and accommodation of pedestrians and bicyclists. Some communities and professional organizations (such as
ITE) have developed guidance based on the transect as it relates to everything from functional classification to
geometric design.

The Maryland State Highway Administration outlined the basic characteristics of a highway CSS approach, which
included the following: [Maryland State Highway Administration, 1998]

e The project satisfies the purpose and needs as agreed to by a full range of stakeholders. This agreement is
forged in the earliest phase of the project and amended as warranted as the project develops.

o 'The project is a safe facility for both the user and the community.

e 'The project is in harmony with the community and preserves environmental, scenic, aesthetic, historic, and
natural resource values of the area.

¢ 'The project exceeds the expectations of both designers and stakeholders and achieves a level of excellence in
people’s minds.

Figure 3-16. Rural to Urban Transect and Linkage to Transportation
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¢ 'The project involves efficient and effective use of resources (time, budget, and community) of all involved
parties.

e The project is designed and built with minimal disruption to the community.

o 'The project is seen as having added lasting value to the community.
According to ITE’s Recommended Practice Designing Walkable Urban Thoroughfares: A Context Sensitive Approach,

Applying the principle of CSS enhances the planning and design process by addressing objectives and considerations
not only for the transportation facility, but also for the surrounding area and its land uses, developments, economic and
other activities, and environmental conditions. With a thorough understanding of the CSS principles and design
process, the practitioner planning or designing a thoroughfare secks to integrate community objectives, accommo-
date all users and make decisions based on an understanding of the trade-offs that frequently accompany multiple or
conflicting needs.”

[ITE, 2010a]

At the thoroughfare network planning level, CSS concepts include:

e Multimodal network planning should be integrated into long-range comprehensive plans that address land
use, transportation, and urban form.

e Network planning should address mobility and access needs associated with passenger travel, goods move-
ment, utilities placement, and emergency services.

¢ Reserving right of way for the ultimate width of thoroughfares should be based on long-term needs defined
by objectives for both community character and mobility.

For street connectivity and spacing, CSS concepts include:

 Networks should provide a high level of connectivity so that drivers, pedestrians, and transit users can choose
the most direct routes and access urban properties. Connectivity should support the desired development
patterns. Networks should provide intermodal connectivity to easily transfer between modes.

o Intersperse among arterial thoroughfares a system of intermediate collector thoroughfares serving local trips
connecting neighborhood and subregional destinations.

 Expand the typical definition of collectors to recognize their role in connecting local origins and destinations
to distribute trips efficiently, keep short local trips off the arterial system, and provide a choice of routes for
transit, pedestrians, drivers, and bicyclists.

¢ Build network capacity and redundancy through a dense, connected network rather than through an
emphasis on high levels of vehicle capacity on individual arterial facilities. This approach (having more
thoroughfares rather than wider thoroughfares) ensures that the network and thoroughfare facilities
can support other objectives, such as pedestrian activity, multimodal safety and support for adjacent
development.

e Minimize property access directly onto arterials through design of a connected network of closely spaced
arterial and collector thoroughfares and local street connections. With fewer driveway-type interrup-
tions, arterial thoroughfares can perform more efficiently for vehicles and for pedestrians. Thus, network
connectivity can provide a foundation for access management strategies to increase corridor capacity and
accessibility.

With respect to CSS-related characteristics for choosing performance measures:
o Select transportation performance measures that reflect stakeholder objectives and priorities for the system or

facility being planned or designed. Some of these might not be strictly transportation measures, but include
economic development and other types of measures.

e Use performance measures that recognize all modes.
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o Performance goals can vary for different parts of the network as long as direct comparisons are made to the
same measures.

e Performance measures could include conventional measures of vehicle congestion, capacity and density,
considered at a network-wide or corridor-wide level.

¢ To reflect walkability and compact development, consider measures such as a connectivity index, intersection
density measures, and pedestrian environment measures.

o Selected performance measures should include measures of safety for all users.

For those desiring more information on how CSS principles and approaches can be incorporated into transportation
planning and design, the ITE Recommended Practice is strongly recommended as an excellent source of informa-
tion, as is the FHWA CSS toolbox website at http://contextsensitivesolutions.org/content/topics/misc/thwa-toolbox/.
In addition, the reader is referred to chapter 9 on road and highway planning.

For neighborhood street design and CSS principles, the reader is referred to ITE’s Recommended Practice on Neigh-
borhood Street Design, Guidelines. [ITE, 2010b] Neighborhood-level CSS project descriptions can be found at: www

.contextsensitivesolutions.org.

VIIl. SUMMARY

The connection between land use and transportation planning has been a fundamental relationship that has guided
both the process of planning as well as the technical tools planners and engineers rely on. For many years, land-use
factors were considered by transportation planners only as inputs into the modeling process. In recent years, how-
ever, land-use and urban design strategies have become important components of the tools that planners and elected
officials can use to enhance community accessibility and mobility. This chapter has provided an overview of the land
use—transportation relationship that is so important to the transportation planning process.

Information on future levels of population and employment and their location in a study area is a basic point of
departure for conducting most transportation studies. In addition, transportation at the local level will be strongly
influenced by the type and magnitude of development that will occur in compliance with local comprehensive plans
and zoning ordinances. Given the importance of this land use—transportation relationship to successful transportation
planning, it is important that the agencies or units within an agency responsible for land-use forecasting and trans-
portation modeling work closely together to ensure that the transportation planning process has a strong foundation
for estimating future travel.

The following lessons learned from a scan of U.S. land use—transportation studies provide some useful guidance on
the steps that might be necessary to provide an integrated land use—transportation planning process:

e Individual methods developed for the coordination of transportation planning and land-use policies differ by
community. Lessons and best practices can be shared, but ultimately, successful solutions should be the result
of local needs and local processes and should respect local values.

e Planning efforts that fail to include sufficient public outreach and participation are unlikely to succeed.
Any planning efforts—particularly innovative efforts—that move ahead without sufficient attention to public
involvement and concurrence can generate discord and delay implementation.

o Physical design matters as much as good planning. Planning alone is not sufficient to create a successful
development that integrates transportation and land use in a way that will attract new users and residents.
The aesthetic appearance, the ease of use, and the connectivity of design are all important factors.

o The financial needs of a project and the levels of available funding should be tentatively calculated and then
revisited throughout the planning process. Many multimodal transportation and infrastructure projects are
completed in stages, with each component planned and financed independently. Such incremental projects
lend themselves to the use of multiple sources of funding, each source dedicated to a different aspect of
the project.
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 'The local development climate will strongly influence efforts to coordinate transportation and land-use
planning. To be effective, planning should take into account the realities of the private- development
environment, including issues of financing, demand, and timing. In these ways, public projects are linked to
patterns of private development.

¢ Ideasshould be presented in ways that make sense for a particular community. Creative planning efforts should
find ways to present ideas—particularly contentious ideas—in locally acceptable language and context. The
political and cultural environment varies by community, and planning projects should use a vocabulary that
resonates in the community in which it will be used. [FHWA, 2003]

As noted in the resulting report, “Innovative planning ideas can move beyond established processes and regu-
lations, requiring old policies to be revised and updated. New methods of planning and visioning, particularly
those that are grounded in community participation, can present a challenge to established planning regulations.
Innovative proposals may be stymied in their efforts to move ahead because of existing zoning and transportation
policies, which are often geared toward large-lot, low-density, automobile-oriented development... With time,
new and innovative planning processes must be integrated into the existing systems of planning in order to

maintain the strength of the established planning processes while allowing for new methods to be explored.”
[FHWA, 2003]

IX. REFERENCES

American Planning Association (APA). 2015. Great Places in America: Public Spaces. Website. Accessed Jan. 29, 2016, from https://
www.planning.org/greatplaces/spaces/characteristics.htm.

Atlanta Regional Commission (ARC). 2014a. “Regional Forecasting (Socio-economic Allocation)” Website. Atlanta, GA.
Accessed Feb. 4, 2016 from http://www.atlantaregional.com/info-center/forecasts/forecast-development.

. 2014b. “Regional Forecast Development Process,” Atlanta, GA. Accessed Feb. 4, 2016, from http://www.atlantaregional
.com/File%20Library/Info%20Center/rs_forec_dev.pdf.

. 2015a. The Region’s Plan Policy Framework. Atlanta, GA. Accessed Feb. 3, 2016, from http://theregionsplan
.atlantaregional.com/assets/documents/policy-framework.pdf.

. 2015b. Livable Centers Initiative, 2015 Report. Website. Atlanta, GA. Accessed Jan. 29, 2016, from http://www
.atlantaregional.com/land-use/livable-centers-initiative.

Barnett, J. 1995. The Fractured Metropolis: Improving the New City, Restoring the Old City, Reshaping the Region. New York, NY:
Icon Editions.

Bartholomew, K. 2005. Integrating Land Use Issues into Transportation Planning: Scenario Planning Summary Report. Project No.
DTFH61-03-H-00134. Washington, DC: Federal Highway Administration.

Bochner, B., K. Hooper, B. Sperry, and R. Dunphy. 2011. Enbancing Internal Trip Capture Estimation for Mixed-Use Developments,
NCHRP Report 684. Transportation Research Board, Washington, DC. Accessed Jan. 19, 2016, from http://onlinepubs.trb
.org/onlinepubs/nchrp/nchrp_rpt_684.pdf.

Bowman, J. L. 2006. A Review of the Literature on the Application and Development of Land Use Models: ARC Modeling Assistance
and Support. Atlanta: Atlanta Regional Commission.

Brook, D. 2013. A History of Future Cities. New York: Norton and Company.

Cambridge Systematics, Inc. 2009. Moving Cooler: An Analysis of Transportation Strategies for Reducing Greenhouse Gas Emissions.
Washington, DC: Urban Land Institute.

Chicago Area Transportation Study. 2005. “Shared Path 2030: CATA 2030 Regional Transportation Plan, Oct. 2003.” Accessed
Feb. 8, 2016 from www.sp2030.com/2030rtp/rtp/policydoc/2030_RTP_as_of_February_18_2004.pdf.

City of Adlanta. 2015. “Adanta Zoning Districts—Complete Listing, Adapted from the city of Atlanta Zoning Ordinance.”
Website. Accessed Feb. 4, 2016 from, http://www.atlantaga.gov/modules/showdocument.aspx?documentid=2173.

City of Pittsburgh. 1998. “Urban Design Guidelines.” Pittsburgh, PA.

Land Use and Urban Design ¢ 111



City of Madison. 2008. East Washington Avenue Capitol Gateway Corridor Plan. Department of Planning & Community &
Economic Development. Madison, WI. Accessed Feb. 4, 2016 from http://www.cityofmadison.com/planning/pdf/Capitol
Gateway_Corridor_Plan.pdf

City of Milwaukee. Undated. “Principles of Urban Design.” Website. Milwaukee, WI. Accessed Feb. 5, 2016, from http://city
.milwaukee.gov/Designguidelines/Citywide.htm#. VenrippRGAL.

City of Minneapolis. 2009. Chapter 10, Urban Design, Minneapolis Plan. Accessed Jan. 23, 2016, from http://www.ci.minneapolis
.mn.us/www/groups/public/@cped/documents/webcontent/convert_259208.pdf.

City of Seattle. 2013. Seattle Design Guidelines. Seattle, WA. Accessed Feb. 2, 2016, from http://www.seattle.gov/dpd/cs/groups/
pan/@pan/documents/web_informational/p2083771.pdf.

Committee on Access Management. 2003. Access Management Manual. Washington, DC: Transportation Research Board.

Congtess for the New Urbanism and Talen, E. (ed). 2013. Charter of the New Urbanism, 2 Edition. New York: Congress for
the New Urbanism.

Daniels, T. 1999. When City and Country Collide: Managing Growth in the Metropolitan Fringe. Washington, DC: Island
Press.

Denver Regional Council of Governments (DRCOG). 2010. “Focus Model Overview,” Denver, CO. Accessed Feb. 17, 2016,
from, https://drcog.org/sites/drcog/files/resources/FocusOverview_WebVersion.docx.

Duany, A., and E. Plater-Zyberk. 1991. Towns and Town-Making Principles. New York: Rizzoli.
Duany, A., J. Speck and M. Lydon. 2009. 7he Smart Growth Manual. McGraw-Hill.

Dumbaugh, E. 2001. “Engineering Roadways for Pedestrians: Roadway Design Standards and Tort Liability.” Report prepared
for the Alternative Street Designs Task Force of the Georgia Regional Transportation Authority.

Dunphy, R., D. Myerson and M. Pawlukiewicz. 2003. 7en Principles for Successfil Development Around Transit. Washington, DC:
Urban Land Institute.

Eitler, T., E. McMahon, and T. Thoerig. 2013. Zen Principles for Building Healthy Places. Washington, DC: Urban Land Institute.
Accessed Feb. 3, 2016, from http://uli.org/wp-content/uploads/ULI-Documents/10-Principles-for-Building-Healthy-
Places.pdf

Ewing, R., K, Bartholomew, S. Winkelman, J. Walters, and D. Chen. 2007. Growing Cooler: The Evidence on Urban Development
and Climate Change, Accessed Feb. 3, 2016 from, http://postcarboncities.net/files/SGA_GrowingCooler9-18-07small.pdf.

Federal Highway Administration (FHWA). 2003. Land Use and Transportation Coordination, Lessons Learned from Domestic Scan
Coordination, Office of Planning. Washington, DC: U.S. Department of Transportation, Federal Highway Administration,
March.

. 2006. “Context Sensitive Solutions.” Accessed Feb. 8, 2016, from www.thwa.dot.gov/csd/index.htm.

. 2013. Coordinating Land Use and Transportation: What is the Role of Transportation? Website. Washington, DC. Accessed
Feb. 5, 2016 from http://www.thwa.dot.gov/planning/processes/land_use/.

Fredericksburg Area MPO (FAMPO). 2012. Your Vision, Our Future. Fredericksburg, VA. Accessed Feb. 7, 2016, from htep://
www.fampo.gwregion.org/land-use-scenario-planning/.

. 2013. 2040 Long Range Transportation Plan, Chapter 4. Fredericksburg, VA. Accessed Feb. 7, 2016, from htep://www
.fampo.gwregion.org/wp-content/uploads/2013/10/Chapter-4.pdf.

Freilich, R. 1999. From Sprawl to Smart Growth, Successful Legal, Planning and Environmental Systems, State and Local Government
Law section. Chicago, IL, USA: American Bar Association.

Gallagher, L. 2013. 7he End of the Suburbs: Where the American Dream Is Moving. New York: Penguin Group.
Gillham, O. 2002. 7he Limitless City: A Primer on the Urban Sprawl Debate. New York: Island Press.

Hart, S. and A. Spivak. 1993. Automobile Dependence and Denial, The Elephant in the Bedroom, Impacts on the Economy and
Environment, Pasadena, CA: New Paradigm Books.

112 » TRANSPORTATION PLANNING HANDBOOK



Houston-Galveston Area Council (H-GAC). 2015. Livable Centers. Website. Houston, TX. Accessed June 29, 2015, from, heep://
www.h-gac.com/community/livablecenters/default.aspx.

Hunt, J. D., D. S. Kriger, and E. J. Miller. 2005. “Current Operational Urban Land-Use—Transport Modelling Frameworks:
A Review.” Transport Reviews, Vol. 25: 329-376.

Hunt, J. D., and J. E. Abraham. 2005. “Design and Implementation of PECAS: A Generalized System for the Alloca-
tion of Economic Production, Exchange and Consumption Quantities” in Foundations of Integrated Land-Use and
Transportation Models: Assumptions and New Conceptual Frameworks. Gosselin, L. and Doherty (eds.). Oxford, UK:
Elsevier.

Inman, A., J. Levine, and R. Werbel. 2002. Developer-Planner Interaction in Transportation and Land Use Sustainability. Report
MTT 01-21. Mineta Transportation Institute, San Jose University, CA.

Institute of Transportation Engineers (ITE). 2003. Smart Growth Transportation Principles. Washington, DC: Institute of
Transportation Engineers (ITE).

. 2010a. Transportation Impact Analyses for Site Development, An ITE Recommended Practice. Washington, DC: ITE.

. 2010b. Designing Walkable Major Urban Thoroughfares: A Context-Sensitive Approach, An ITE Recommended Practice.
Washington, DC: ITE.

. 2010c. Neighborhood Street Design Guidelines, An ITE Recommended Practice. Washington, DC: ITE.

Jonathan Rose Companies and Center for Transit-Oriented Development. 2013. Making It Happen: Opportunities and Strategies
for Transit-Oriented Development in the Knowledge Corridor. Washington, DC. Accessed Jan. 18, 2016, from http://www
.reconnectingamerica.org/assets/ Uploads/20130917CTKCFinalPlan.pdf.

Juergensmeyer, J., and T. Roberts. 2003. Land Use Planning and Development Regulation Law. St. Paul, MN: West Group.

Katz, B., and ]. Bradley. 2013. 7he Metropolitan Revolution: How Cities and Metros Are Fixing Our Broken Politics and Fragile
Economy. Washington, DC: The Brookings Institution.

Kay, J. 1997. Asphalt Nation: How the Automobile Took Over America and How We Can Take It Back, New York: Crown Publishers.
Kunstler, J. 1998. Home from Nowhere, New York: Touchstone.
Kunstler, J. 2013. The Geography of Nowhere. 20 Anniversary Edition. New York: Simon & Schuster.

Kuzmyak, J., R. Pratt, and B. Douglas. 2003. Traveler Response to Transportation System Changes, Chapter 15—Land Use and Site
Design, TCRP Report 95. Transportation Research Board. Washington, DC. Accessed Jan. 19, 2016, from http://onlinepubs
.trb.org/onlinepubs/tcrp/terp_rpt_95¢15.pdf.

Levine, J. 2005. Zoned Out. Washington, DC: Resources for the Future.
Lowry, 1.S. 1964. A Model of Metropolis. RM-4035-RC. Santa Monica, CA: Rand Corporation.

Maryland State Highway Administration. 1998. 7hinking Beyond the Pavement: A National Workshop on Integrating Highway
Development with Communities and the Environment while Maintaining Safety and Performance. Baltimore, MD: Maryland
State Highway Administration.

McCann, B. 2013. Completing Our Streets, The Transition to Safe and Inclusive Transportation Networks. Washington, DC: Island
Press.

Merriam, D. 2005.7he Complete Guide to Zoning. New York: McGraw-Hill.

Metropolitan Council (Met Council, Minneapolis-St. Paul). 2015a. “The Regional Forecast to 2040.” Accessed Feb. 8, 2016,
from htep://www.metrocouncil.org/Data-and-Maps/Publications- And-Resources/MetroStats/ Census-and-Population/

Steady-Growth-and-Big-Changes-Ahead-The-Regional-F.aspx.

. 2015b. “Development Patterns will Change across the Twin Cities Region.” Accessed Feb. 8, 2016, from http://
metrocouncil.org/Data-and-Maps/Publications-And-Resources/MetroStats/ Census-and-Population/ The-Twin- Cities-
Region-s-Local-Forecasts.aspx.

Meyer, M. 2001. “Historical Perspective on the Growth of Atlanta Since World War II.” Paper prepared for the Atlanta Regional
Commission, Environmental Justice Initiative, Atlanta.

Land Use and Urban Design * 113



Meyer M., and E. Dumbaugh. 2005. “Institutional and Regulatory Issues Related to Nonmotorized Travel and Walkable Com-
munities.” Special Report 282: Does the Built Environment Influence Physical Activity? Examining the Evidence, Appendix.
Washington, DC: Transportation Research Board.

Meyer, M., and E. Miller. 2014. Transportation Planning: A Decision-Oriented Approach, Accessed Jan. 31, 2016, from http://
mtsplan.com/services.heml.

Montgomery, C. 2013. Happy City: Transforming Our Lives Through Urban Design. New York: Farrar, Strauss and Giroux.
Moore, T., and P. Thorsnes. 2007. The Transportation/Land Use Connection. Washington, DC: American Planning Association.

Morris, D. 2005. It5 a Sprawl World Afterall, The Human Cost of Unplanned Growth—and Visions of a Better Future, Gabriola
Island, British Columbia: New Society Publishers.

Neuman, T. et al. 2002. National Cooperative Highway Research Project (NCHRP) Report 480: A Guide to Best Practices for
Achieving Context-Sensitive Solutions. Transportation Research Board, Washington, DC. Accessed Feb. 3, 2016, from http://
onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_480.pdf.

Pande, A. and B. Wolshon. eds. 2016. Traffic Engineering Handbook. Institute of Transportation Engineers, Washington, DC:
Institute of Transportation Engineers.

Parking Consultants Council. 2007. Recommended Zoning Ordinance Provisions for Parking and Off-Street Loading Spaces.
Washington, DC: National Parking Association.

Portland Metro. 2000. Light Rail Transit Station Zone, Chapter 33.450, Title 33, Metro, Portland, OR.
Porter, D. 1997. Managing Growth in America’s Communities. Washington, DC: Island Press.

Pratt, R., J. Evans, R. Kuzmyak and A. Stryker. 2007. Traveler Response to Transportation System Changes, Chapter 17— Transit
Oriented Development, TCRP Report 95. Transportation Research Board. Washington, DC. Accessed Feb. 19, 2016, from
htep://www.tcrponline.org/PDFDocuments/ TCRP_RPT_95¢3.pdf.

Puget Sound Regional Council (PSRC). 2009. Vision 2040. Seattle, WA: Puget Sound Regional Council, December. Accessed
Feb. 5, 2016 from http://www.psrc.org/assets/366/7293-V2040.pdf.

. 2012. 2012 Land Use Forecast. Seattle, WA. Accessed Feb. 7, 2016, from http://www.psrc.org/assets/2936/UrbanSim_
White_Paper_2012_final.pdf?processed=true.

Reconnecting America and Center for Transit-Oriented Development. 2008. Transit and Employment: Increasing Transits
Share of the Commute Trip. Report FTA CA-26-1007. Washington D.C. Accessed Jan. 18, 2016, from http://www
.reconnectingamerica.org/assets/ Uploads/employment202.pdf.

Rose, D., et al. 2005. NCHRP Report 548: A Guidebook for Including Access Management Into Transportation Planning.
Washington, DC: Transportation Research Board, National Academies Press, 2005. Accessed Jan. 24, 2016, from htep://
onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_548.pdf.

Southeastern Wisconsin Regional Planning Commission (SEWRPC, Milwaukee). 2013. 7he Economy of Southeast Wisconsin.
Accessed Feb. 8, 2016 from http://www.sewrpc.org/ SEWRPCFiles/Publications/TechRep/tr-010-5th-ed-economy-se-wisc
.pdf.

Southern California Association of Governments (SCAG, Los Angeles). 2010. “Growth Forecast.” Accessed Feb. 9, 2016, from
htep://rtpscs.scag.ca.gov/Documents/2012/final/SR/2012fRTP_GrowthForecast.pdf.

Stover, V., and K. Williams. 2016. Access Management, Chapter 12, in Pande and Wolshon. eds. Traffic Engineering Handbook.
Washington, DC: Institute of Transportation Engineers.

Timmermans, H. “The Saga of Integrated Land Use-Transport Modeling: How Many More Dreams before We Wake Up?”
Keynote paper presented at 10th International Conference on Travel Behavior Research, Lucerne, Switzerland, August 10-15,
2003.

Transportation Research Board. 2009. Driving and the Built Environment: The Effects of Compact Development on Motorized Travel,
Energy Use, and CO2 Emissions, Special Report 298. Washington, DC. Accessed Jan. 23, 2016, from http://onlinepubs.trb
.org/Onlinepubs/sr/sr298.pdf.

Waddell, P. 2011. “Integrated Land Use and Transportation Planning and Modelling: Addressing Challenges in Research and
Practice.” Transport Reviews, Vol. 31, No. 2, March pp. 209-229.

114 * TRANSPORTATION PLANNING HANDBOOK



Wegener, M. 2004. “Overview of Land-Use Transport Models.” in Transport Geography and Spatial Systems. Handbook 5 of the
Handbook in Transport. Hensher, D. A., and K. Button (eds.). Kidlington, UK: Pergamon/Elsevier Science, pp. 127-146.

Whitfield, G., and A. Wendel. 2015. Modeling Health Impacts of the Transportation Built Environment: Challenges and
Opportunities. Journal of Environmental Health, Vol. 77, No. 7, March. Accessed Jan. 18, 2016, from http://www.cdc.gov/
nceh/ehs/docs/jeh/2015/march- transportation-be-models. pdf.

Zhao, E, and S. Chung. 2006. A Study of Alternative Land Use Forecasting Models, Research Department, Florida Department
of Transportation. Accessed Feb. 7, 2016, from, http://www.dot.state.fl.us/research-center/Completed_Proj/Summary_PL/
FDOT_BDO015_10_rpt.pdf.

Zumbabwe, S., and A. Anderson 2011. Planning for TOD at the Regional Scale. Reconnecting America, The Center for
Transit-Oriented Development. Washington, DC. Accessed Feb. 14, 2016, from http://www.reconnectingamerica.org/
assets/Uploads/RA204REGIONS.pdf.

Zmud, J., V. Barabba, M. Bradley, R. Kuzmiak, M. Zmud, and D. Orrell. 2014. The Effects of Socio-Demographics on Future
Travel Demand. NCHRP Report 750, Vol. 6. Washington, DC: Transportation Research Board, Washington D.C. Accessed
Feb. 7, 2016, from http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_750-v6.pdf.

Land Use and Urban Design * 115



Chapter 4

Environmental Considerations'

. INTRODUCTION

t would be hard to find an issue that has engaged transportation planners more during the past 50 years than

the potential impacts of transportation system performance and facility construction on the natural and built

environment. Since the late 1960s and early 1970s, the transportation planning process at all levels has been
guided by laws and regulations governing the impacts that need to be considered as part of decision making, and
that often identify the methods of analysis to be used. In addition, the transportation planning process in the United
States has been closely tied to the attainment of air quality goals in metropolitan areas whose air quality does not meet
national air quality standards.

Many governments throughout the world have passed laws and created regulations to protect and enhance the
environment. Specific rules guide their application to the development and operation of infrastructure, including
transportation projects. While these laws and regulations vary by country and jurisdiction, this chapter references
U.S. environmental laws and regulations to illustrate general principles and practices and to provide a framework for
discussion. It also focuses on highway and transit project development processes, with the understanding that other
types of transportation facilities, such as airports and maritime and port facilities, follow comparable processes.

Two scales of planning applications merit attention when discussing the relationship between environmental factors
and transportation planning. The first is the broader transportation planning occurring at the statewide, metropolitan,
or corridor level. This planning is often not project-specific (except for many corridor studies), and thus insufficient
engineering is done to identify the types of environmental impacts likely to occur. The second type of planning, which
is more closely related to project development, provides a much more detailed analysis of the likely consequences of
project alignment and operating decisions. This planning usually includes sufficient conceptual engineering detail to
determine the types and magnitudes of environmental impacts likely to be encountered during project construction
and operation, as well as what might be needed to mitigate them.

An important policy discussion in recent years has been how to provide a closer linkage between the two scales of
analysis, such that information produced in the planning process can be used in project-specific planning to avoid
duplication of effort. (This approach is often referred to as environmental streamlining.) Both types of planning will
be discussed in this chapter.

This chapter describes the role of environmental impacts and consequences in the transportation planning process.
The intent is to discuss ways to incorporate environmental considerations in the planning process so that decisions
made early in the process will remain valid for later environmental regulatory reviews and documentation. This chapter
also discusses considerations for determining the appropriate level of detail for environmental analysis and documen-
tation during planning. The second section provides an overview of the role environmental considerations play in
transportation policy and decision making, followed by general principles that should guide them. The next several
sections present more detailed information by impact category, followed by construction-related environmental effects.
The final two sections describe how to assess and document mitigation strategies in the systems planning process.

. ENVIRONMENTAL CONSIDERATIONS IN TRANSPORTATION PLANNING
AND DECISION MAKING

As will be seen in subsequent sections, environmental considerations are found throughout the transportation plan-
ning and decision-making processes. The following paragraphs discuss four major concept/linkages that are found in

!"The original chapter in Volume 3 of this handbook was written by Greg Benz, Senior Vice President, WSP/Parsons Brinckerhoff. Changes made to this updated
chapter are solely the responsibility of the editor.
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most current practice: sustainability, environmental considerations at the systems level, environmental considerations
in project development, and linking the latter two, as one progresses from systems planning to project development.

A. Sustainability

Sustainability, or sustainable development, has received increas-  Figure 4-1. Triple Bottom Line of Sustainability
ing focus as a desirable societal goal since the mid-1980s, when Socioenvironmental factors

a United Nations commission defined sustainable development
as “meeting the needs of the present without compromising
the ability of future generations to meet their own needs.”
[United Nations World Commission on Environment and Devel-
opment (Brunddand Commission), 1987] This definition was
further refined to include the Triple Bottom Line of economic
development, social equity, and environmental quality, defined by  gociceconomic
the American Association of State Highway and Transportation  factors

Officials (AASHTO) as follows and shown in Figure 4-1.

Equity/
Social
Sustainable
Development

Eco-economic
factors

* Economy—Support economic vitality while developing infrastructure in a cost-efficient manner. Costs of
infrastructure must be within a society’s ability and willingness to pay. User costs, including private costs,
need to be within the ability of people and households to pay for success.

e Social—Meet social needs by making transportation accessible, safe, and secure; include provision of mobil-
ity choices for all people (including people with economic disadvantages); and develop infrastructure that
is an asset to communities.

¢ Environment—Cireate solutions that are compatible with—and that can be an enhancement to—the nat-
ural environment, reduce emissions and pollution from the transportation system, and reduce the material
resources required to support transportation. [AASHTO, 2009]

What sustainability means to transportation agencies, and in particular to the transportation planning process,
will vary from one jurisdiction to another. [Booz Allen Hamilton, 2014] For example, an AASHTO report on
sustainable transportation identified a range of actions shown in Table 4-1 that could provide a more sustainable
transportation system.

Many transportation agencies have adopted a variety of policies and tools that support some elements of sustainability,
such as context-sensitive solutions (discussed in chapter 3), Complete Streets, asset management, access management,
congestion management systems, pavement management systems, environmental analysis for requirements of the
National Environmental Policy Act (NEPA), economic analysis of transportation projects and system improvements,
and a broadened approach to planning and to project development. Many of the building blocks for Triple Bottom
Line sustainability are in place—but they need to be refined, expanded, fully embraced, and integrated.

The performance measures used by states and regions to monitor progress in achieving community goals and objectives
can also reflect a sustainability theme. For example, the following transportation system metrics from the Maryland
Department of Transportation are good examples of how sustainability can be incorporated into the capital program
and operations of a transportation agency. [Maryland DOT, 2013]

Goals: Quality of Service; Connectivity for Daily Life

o Percentage of the Maryland State Highway Administration (SHA) network in overall preferred maintenance
condition.

o Percent of roadway miles with acceptable ride quality.
e User cost savings for the traveling public due to incident management.

e Percentage of state-owned roadway directional miles within urban areas that have sidewalks and percent of
sidewalks that meet Americans with Disabilities Act compliance.
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Table 4-1. Sustainable Objectives and Transportation Options

Sustainable Objective

Examples of Options

Reduce energy consumption

Traffic signal coordination/optimization

Low-energy lighting
Dedicated transit lanes
Bike lanes

Transit signal priority

Reduce consumption of material resources Recycled aggregates

Narrow traffic lanes

Fewer luminaire poles/catenary lighting system
Higher-strength concrete pavements

Precast or modular construction elements

Reduce impacts to environmental resources Rain gardens for storm water infiltration
Diverse plant/tree selections

Storm water infiltration basins in planter strips
Porous pavement

Wildlife crossings

Support vibrant urban communities Noise-reducing pavement materials
Public art
Pedestrian refuges in medians

Emergency vehicle access

Support sustainability during implementation | Reclamation of demolition materials
Use of renewable fuels for construction equipment
Use of locally obtained materials

Access to affected businesses

Minimize construction “footprint”

Source: AASHTO, 2009, Reproduced with permission of AASHTO.

o Percentage of state-owned roadway centerline miles with a bicycle level of comfort grade “D” or better and
directional mileage of SHA-owned highways with marked bike lanes.

o Travel demand management and transit service quality.

Goal: System Preservation and Performance

¢ DPercentage of the SHA network in overall preferred maintenance condition.

e Number of bridges and percent that are structurally deficient.

Goal: Safety & Security

e Number of bicycle and pedestrian fatalities and injuries on all Maryland roads.

e Number of high-crash locations.

 Annual number of traffic fatalities and personal injuries on all roads in Maryland.

Goal: Environmental Stewardship (including climate stewardship)

* Amount of transportation-related greenhouse gas emissions.
As can be seen in this list, many of the transportation-related sustainability metrics pertain to the natural environment,

and do not reflect the other dimensions of sustainability, that is, economic development and societal equity. This is
fairly common in the transportation field and is an area where further thought and research are necessary.
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Sustainability presents an opportunity for transportation agencies to engage customers and elected ofhicials in crafting
management, policy, and public outreach approaches that emphasize triple bottom line (TBL) sustainability values. If
done well, and with effective public engagement, sustainability provides an opportunity for increasing transportation
agency credibility with the public and elected officials.

Those interested in knowing more about sustainability and transportation are referred to TRB, 2004; USEPA, 2011;
FHWA, 2011; ITE, 2013; and the following websites:

e Sustainable Highways Initiative, Federal Highway Administration, http://www.sustainablehighways.dot
.gov/.

o Transit’s Role in Environmental Sustainability, Federal Transit Administration, http://www.fta.dot.gov/

13835_8514.html.

o Sustainability, Center for Transportation Excellence, American Association of State Highway and Transporta-
tion Officials, http://environment.transportation.org/environmental_issues/sustainability/recent_dev.aspx.

Later sections discuss so-called “green” analysis tools that can be used to improve the sustainability characteristics of
transportation projects.

B. Environmental Considerations at the Systems Level

Various types and levels of transportation planning support the development of a state’s or region’s transportation
policy and plans. Transportation planning studies help decision makers select the most effective solution to an iden-
tified problem in the context of agreed-upon goals and objectives. The planning process should begin by identifying
potentially contentious issues and resolving these issues prior to the more detailed project development/preliminary
engineering and final design stages, where a major flaw could set back a project several years. A transportation study
should examine an appropriate combination of transportation technologies, capacity enhancements, transportation
control measures, optional alignments, and transportation system configurations in a given corridor, region, or sub-
area. The study should then evaluate these strategies in terms of transportation impacts, capital and operating costs, a
range of environmental impacts (appropriate to the level of detail to which the strategies are defined), cost-effectiveness
or cost benefit, and financial feasibility. The study should yield sufficient information for decision makers to deter-
mine which transportation strategies or plan alternatives best meet the goals and objectives. The level of environmental
analysis in such planning reflects the scale and level of specificity associated with the study focus.

An example of the types of issues considered in a systems-level planning effort is found in the technical guidance for
major capital investments from the Federal Transit Administration (FTA). This guidance notes that systems planning
should give adequate consideration to systemwide and regional issues, including the interdependence of corridors in
terms of travel demand, system design, and operations; the feasibility of various mode and alignment combinations
in each corridor in terms of engineering, cost, operations, and environmental impacts; and the region-wide financial
implications of various investment levels in each corridor.

Corridor-level transportation planning studies typically result in a set of strategies or projects in a metropolitan area’s
transportation plan, and often in a decision to proceed with more detailed project analysis. Such projects should be
defined in terms of design concept and scope. There should be sufficient detail to enable the resulting regional plan,
composed of many projects and strategies, to meet the requirements of various systems-level environmental analyses,
such as regional air quality conformity analyses (see chapter 17 on corridor planning).

Figure 1-1 in chapter 1 offered a framework for transportation planning that represents the major steps in the planning
process. Specifically, it suggests that transportation planning include efforts to understand the problems and challenges
facing a community or region; establish a future vision; identify desired goals, objectives, and performance measures;
conduct technical analysis of different alternatives; evaluate each alternative to develop a sense of which ones were
more cost-effective; implement recommended actions; and monitor system performance. These steps are repeated
through an iterative process to reflect new transportation challenges facing the jurisdiction. Table 4-2 shows possible
linkages between environmental considerations and these major steps in a transportation planning process.

The Metropolitan Transportation Commission (MTC) of the San Francisco Bay Area provides a good example of how
environmental considerations can be incorporated into systems planning. By state law, regional plans in California are

120 ¢ TRANSPORTATION PLANNING HANDBOOK



Table 4-2. Environmental Factors in Transportation Planning

Planning Step

Consideration of Environmental Factors

Visioning

A community’s vision should include explicit consideration of desired environmental
characteristics. This could include targeted resources (for example, air or water quality),
geographic areas (for example, wetlands or habitats), or a more general quality of life
consideration. Some MPOs that have used scenarios as a means of better defining desired
community visions have included “protection of environmental resource areas” as one of the
scenarios. In such scenarios, economic development and consequent infrastructure provision
for these areas are limited.

Goals and Objectives

In most cases environmental factors are found in some form in a planning goals and
objectives set. This most often takes the form of a specific statement, such as a goal or
objective that expresses the intent of “minimizing the impact on the environment” or a
qualifying phrase that modifies a more important goal: “Maximize system performance in a
way that minimizes environmental impacts.”

Performance Measures

This is one of the newest elements of transportation planning; it puts in place a set of measures
that is continuously monitored to identify the status of the transportation system and of its
linkages to other factors. One type of measure or indicator that could be included in this set
is related to environmental quality. For example, several jurisdictions include air-quality
measures as part of their system measurement. Other indicators might relate to water

quality, wetlands exposure, habitat reduction, historic and cultural resources, and
archaeological sites.

Data/Analysis Methods

Given the importance of environmental considerations in the evaluation of plans and
alternatives, data should be collected on environmental factors that are of concern to decision
makers. Analysis capability using such data is needed to provide some sense of the
environmental consequence of each alternative. At the systems planning level, the data and
analysis methods might be very general, but they would presumably become more specific as
the analysis occurs on detailed project or plan alternatives.

Alternative Improvement
Strategies

‘The actions adopted as part of the transportation plan could include strategies targeted at
enhancing environmental quality. Certainly, the actions that result from programs such as the
Congestion Mitigation and Air Quality (CMAQ) initiative would relate to improving air
quality. Projects could also relate to transportation enhancements, strategies to reduce
single-occupant vehicle use, actions aimed at environmental enhancement (for example,
brownfield developments), and water quality. At the systems planning level, where

alternative plan configurations are considered, one scenario could be “environmental
preservation,” which might focus on actions such as minimizing development in river
discharge basins.

Evaluation

The evaluation process is, in essence, a synthesis that brings together all the information that
has been produced as part of the analysis. The evaluation criteria structure how the
information is presented to decision makers, and thus are important in raising
decision-maker awareness of environmental issues. The evaluation criteria should include
measures that relate to the environmental impacts of proposed alternatives.

Plan

The transportation plan should reflect the results of the goals setting, analysis, and evaluation.
As such, the plan should provide an explicit linkage to the environmental consequences of the
proposed set of projects or of the selected alternative, if such was the focus of the study. In
those cases where plan alternatives must be analyzed from an environmental perspective, the
plan might include a section that shows the results of this analysis.

Transportation
Improvement Program

(TIP)

The transportation improvement program (TIP) reflects the types of projects that are
recommended in the transportation plan. Therefore, it is likely that several projects aimed at
enhancing environmental quality will be found in the TIP.

Implementation of
Projects/Strategies

The implementation of projects and strategies will include the project development process
as well as the mitigation strategies that are necessary as part of project implementation.
Thus, project implementation could very well include, for example, context-sensitive
solutions, environmental mitigation, and efforts to minimize or avoid serious environmental
impacts.

System Operations

The performance of the transportation system, otherwise known as system operations, will
naturally include an emphasis on the ability of the transportation system to satisfy demand.
However, it is important that the monitoring of system operations should also keep track of
the consequences of such operation on the natural and human environment.

Source: Amekudzi and Meyer, 2005, Reprinted permission from the Transportation Research Board.
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E’s Goals Performance Objectives

Economy Maintenance & Improve maintenance:

Safe
v Local streets ¢ roads: maintain pavement condition index of 75 or better
State highways: distressed lane-miles no more than 10% of system

Transit: average asset age no more than 50% of useful life and average distance
between service calls of 8,000 miles

Reliability Reduce delay:
Freight 20% per capita from today

Environment | Clean Air Reduce vehicle miles traveled and emissions:
Climate Protection Vehicle miles traveled: 10% per capita from today

Fine particulate matter: 10% from today
Coarse particulate matter: 45% from today

Carbon dioxide: 40% below 1990 levels

Equity Access Improve affordability:

Livable Communities | 10% reduction from today in share of earnings spent on housing and
transportation costs by low- and moderately low-income households

Source: MTC, 2013, Reprinted permission from Metropolitan Transportation Commission.

subject to an environmental impact review and a general environmental assessment of the overall program of projects,
which are then implemented through a series of later actions. In addition, new performance-based criteria have been
introduced into the assessment. Interestingly, the overall evaluation of the region’s transportation plan was based on the
sustainability framework described in the previous section. [MTC, 2013] Table 4-3 shows the performance goals and
the metrics that guided the development of the regional transportation plan. In the environmental impact statement
(EIS), each impact area was analyzed according to: (1) environmental setting, (2) criteria of significance, (3) method
of analysis, (4) summary of impacts, and (5) impacts and mitigation measures. An assessment of the impacts was then
made, with possible findings focusing on:

* Significant unavoidable impacts
e Significant irreversible environmental changes
e Cumulative impacts

e Impacts found to be not significant. [MTC, 2009]

As seen in Table 4-4, it is often difficult to identify mitigation measures at the systems planning level because many
of the environmental impacts are project-specific, which is not the level of detail found in systems planning. For a
systems-level assessment, the planner should identify the geographic areas of environmental sensitivity (for example,
protected populations, wetlands, protected habitats, noise-sensitive receptors, etc.), describe the types of mitigation
measures that should be considered, and establish processes ensuring that such mitigation will occur and be monitored.
Other chapters in this handbook provide more detailed descriptions of how environmental factors are incorporated
into transportation planning (see, for example, chapter 15 on state transportation planning, chapter 16 on metropoli-
tan transportation planning, and chapter 17 on corridor planning).

Amekudzi and Meyer [2005] examined how environmental factors were considered in transportation systems planning
by state DOTs and metropolitan planning organizations (MPOs) in the United States. They found:

¢ The most-considered environmental factors in transportation planning are air quality, land use, socioeconomic
considerations, and environmental justice.
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Table 4-4. Example Environmental Noise Assessment of Systems Plan, Metropolitan Transportation Commission, San Francisco

Bay Area, California

Impact

Mitigation Measure

Significance after Mitigation

Construction of the proposed
Transportation 2035 Plan
projects has short-term noise
impacts on surrounding areas

None required

Less than significant

Transportation 2035 Plan
projects could result in noise
levels that approach or exceed
the FHWA Noise Abatement
Criteria or could cause noise
levels to increase by 3 dBA or
more when compared to
existing conditions.

As project sponsors prepare the environmental review
document of their individual project pursuant to
California Environmental Quality Act (CEQA)/NEPA
and prior to environmental certification, project
sponsors shall consider adopting appropriate measures
that would minimize or eliminate cumulatively
considerable environmental impacts pursuant to

CEQA/NEPA.

MTC shall be provided with status reports of
compliance with mitigation measures pursuant to MTC
Resolution 1481, Revised. Mitigation measures to
reduce noise impacts that shall be considered by project
sponsors and decision makers may include, but are not
limited to, those described below:

Adjustments to proposed roadway or transit alignments
to reduce noise levels in noise sensitive areas. For
example, below-grade roadway alignments can
effectively reduce noise levels in nearby areas.

Techniques such as landscaped berms, dense plantings,
reduced-noise paving materials, and traffic calming
measures in the design of their transportation
improvements.

Contributing to the insulation of buildings or
construction of noise barriers around sensitive receptor
properties adjacent to the transportation improvement.

Less than significant

Implementation of the
proposed 2035 Transportation
Plan could result in increased
noise and ground-borne
vibration related to transit
operations.

The above mitigation measures are considered
appropriate for bus transit noise impacts. In addition to
those mitigation measures, the following additional
measures are provided to reduce impacts as they relate
to rail transit:

Design approaches to reduce noise and vibration
impacts of rail transit, such as vibration isolation of
track segments, use of continuously welded track to
minimize wheel noise, resilient wheels, vehicle skirts,
wheel truing, rail grinding, undercar absorption, or
vehicle horn loudness and pitch adjustments.

Operational changes to reduce noise impacts of rail
transit, such as assisting local jurisdictions in pursuing
Quiet Zones.

Less than significant

The proposed 2035
Transportation Plan, combined
with traffic related to projected
regional population and
employment growth, could
result in a cumulatively
considerable increase in overall
noise levels along some travel
corridors.

Mitigation measures listed above could help to reduce
this cumulative impact.

Significant cumulative impact

Source: MTC 2009, Reprinted permission from Metropolitan Transportation Commission.
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¢ 'The most widely used tools for considering environmental factors in transportation planning were data trend
analysis, geographic information systems (GISs), environmental impact—specific models, overlay maps, and
focus groups.

o 'There was general agreement that only part of the data needed for considering environmental factors in
transportation planning was currently available.

o 'The most readily available types of data within agencies relate to air quality, socioeconomics, noise, energy
consumption, storm-water runoff, and erosion.

e 'The most readily available types of data from outside agencies relate to environmental justice, hazardous
wastes, historic properties, water quality, biological effects, and climate.

e 'The majority of states and a minority of MPOs use performance measures that include environmental factors
in transportation planning.

 Departments of Transportation (DOTs) and MPOs have a relatively high level of interaction with each other
and with environmental resource agencies, the governor’s office, environmental advocacy groups, and public
interest groups in the transportation planning process.

o Competing priorities and a lack of appropriate planning analysis tools were identified by DOTs, MPOs, and
environmental resource agencies as the most significant obstacles to considering environmental factors in
transportation planning. Lack of data and lack of regulations were perceived as less important obstacles.

¢ A majority of DOT and MPO respondents had promoted environmental factors being considered prior to
the project development stage.

e 'The majority of DOTs, MPOs, and environmental resource agencies believed that the most important benefit
of considering environmental factors prior to project development is that it results in better decisions. MPOs
noted that an equally important benefit was shortening the time to reach project implementation.

This report further noted that issues relating to regional air quality, watersheds, wetlands, wildlife habitat, and envi-
ronmental justice are often initially considered during system planning in order to determine resource agency require-
ments and assess cumulative effects. These potential impacts are further considered in project-specific anlayses and
refinements.

Another perspective on environmental considerations at a systems level relates to the current focus on measures to
monitor transportation systems performance. NCHRP Report 809, Environmental Performance Measures for State
Departments of Transportation, recommends environmental performance measures for state DOTs. [Crossett et al.,
2015] Five categories of such measures were recommended:

Air Quality—Change in statewide motor vehicle emissions for nitrous oxides, volatile organic compounds
(hydrocarbons), and particulates.

Energy and Climate—Statewide on-road gasoline consumption per capita and state DOT fleet alternative fuel
use as percent of total fuel use.

Materials Recycling—Annual percent by mass of all roadway asphalt pavement materials composed of reclaimed
asphalt pavement (RAP) used by the state DOT.

Storm Water—Percent of state DOT-owned impervious surface for which storm-water treatment is provided.

Wildlife and Ecosystems—Self-administered ecosystems self-assessment tool (ESAT) composed of 41 questions
that evaluate performance across all aspects of state DOT programs relevant to wildlife and ecosystems.

C. Environmental Impacts in Project Development

In systems planning, project priorities are identified in the context of state, regional, or corridor plan goals and policies;
the problems being solved; and the relative effectiveness of alternatives or strategies to solve them. Note that although
the term “alternative” is used in both transportation planning and the NEPA process, it has somewhat different
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meanings in the different contexts. In transportation planning, the term “alternative” is usually applied to various
system concepts and strategies to address the needs or problems identified. When used in a NEPA sense, the term
“alternative” brings with it the expectation that details are available to allow an assessment of more precise project
impacts. This more specific definition is important for environmental resource agencies that are responsible for approv-
ing (or not objecting to) the reccommended actions from environmental reports. The term “strategy” is used throughout
this chapter to distinguish a planning strategy from a NEPA alternative.

For system-level planning, projects are defined with a general design concept (for example, limited-access freeway)
and scope strategies—expected transportation mode, project termini, number of lanes or tracks, degree of access
control, general alignment, station footprints, and so forth. Project-level planning is much more detailed and refined,
focusing on geometric alignment, detailed design concepts and standards, environmental protection, and project
phasing. Satisfying federal, state, and local environmental laws and requirements is typically accomplished during the
project-level analysis and refinement stage.

Project planning and engineering are typically performed in conjunction with a detailed analysis of environmental
impacts, the specification of mitigation measures, and documentation to fulfill jurisdictional (federal, state, and local)
environmental protection laws and requirements. It is at this stage, if federal funds or actions are involved, that NEPA
becomes an important planning context.

NEPA is arguably the most important U.S. environmental law influencing how transportation projects are planned
and designed. Although this law targets project-specific effects, its intent and philosophy on infrastructure make it
an important foundation for the consideration of environmental impacts during the transportation planning process
as well. Therefore, transportation planners and engineers need to know the important principles and requirements of
this law.

NEPA was enacted to “prevent or eliminate damage to the environment, stimulate the health and welfare of Man,
and enrich the understanding of ecological systems and natural resources important to the nation.” NEPA mandates
that environmental factors be considered when federal actions are involved in a project, such as providing project
funding or issuing a permit. The act calls for an assessment of alternatives, opportunities for public involvement, and
coordinated agency action. Subsequent legislation and regulations have created a well-established process and standard
of practice for fulfilling NEPA requirements, especially for transportation projects. Various other laws and executive
orders require consideration of specific natural, cultural, and human resource impacts, and of the policies relating to
them, including endangered species, historical and archeological resources, air, water, floodplains, wetlands, parklands,
environmental stewardship, and environmental justice. In this context, the terms “environment” and “environmental
resources” encompass the natural, cultural, and man-made environments.

NEPA provides an umbrella for addressing all relevant environmental laws and requirements during the development
of transportation projects (see Figure 4-2). While the NEPA process provides a means to consider a host of environ-
mental issues, other laws, executive orders, and regulations often have their own requirements and issues that must be
addressed during project development. NEPA and other major laws relevant to environmental impacts are discussed
in greater detail in chapter 2.

As noted by FTA,

“The NEPA process begins far earlier than the design and technical analysis of a particular project. Metropolitan and
statewide transportation planning identifies transit needs and mobility problems and proposes solutions that reflect
consideration of broad socioeconomic and environmental factors (such as regional air quality). If State or local agencies
expect to seek FTA funding assistance for implementation of a resulting project, FTA must gauge the appropriate level
of assessment and review of environmental impacts . . . . major proposed actions involving substantial new construction
with off-site or long-term impacts usually merit a detailed review that is done with appropriate public involvement
and documented in a formal environmental impact statement.

The more detailed NEPA reviews are grounded on the notion that alternative solutions are available for meeting
identified transportation needs. The formal review process requires the transit agency to develop and evaluate a range
of reasonable alternatives, in addition to the proposed project, in order to determine the best option for addressing
transportation problems, respecting the community, and protecting the environment.”

[FTA, 2014]
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Figure 4-2. The NEPA Umbrella

e Title VI of Civil Rights Act of 1964

¢ Uniform Relocation Assistance and Real
Property Acquisition Policies Act of 1970

* Americans with Disabilities Act

Executive Order 12898

(Environmental Justice)

Comprehensive Environmental Response,
Compensation and Liability Act
Emergency Planning and Community
Right to know Act of 1986

National Historic Preservation Act
Economic, Social and Environmental

e Section 4(f) of USDOT Act (49 USC 303) Effects

e Clean Air Act * Noise

e Safe Drinking Water Act ¢ Public Hearings

e Farmland Protection Policy Act * Archaeological and Historic
¢ Solid Waste Disposal Act Preservation Act

¢ Resource Conservation and Recovery e Section 4(f)

e Actof 1976 e AND MORE...

Source: Linking Planning and NEPA: Executive Seminar Course Instructors’ Manual. ¥ash-
ington, DC: National Highway Institute, 2003.

The NEPA process leads to three possible analysis efforts:

o Environmental Impact Statement (EIS)—When the proposed action will have a significant impact on the
environment, an EIS is required.

o Environmental Assessment (EA)—An EA is prepared when there is uncertainty as to the significance of the
impacts of the project.

o Categorical Exclusions (CE)—Actions that do not individually or cumulatively have a significant social, eco-
nomic, or environmental effect are excluded from the requirement to prepare an EA or EIS (http://www
.environment.thwa.dot.gov/projdev/tdmpdo.asp).

Which direction a NEPA process takes is dependent upon an initial assessment of the likely significance of expected
impacts. Readers are referred to FHWA’s Environmental Guidebook for further guidance on how NEPA applies
to road projects (http://environment.thwa.dot.gov/guidebook/results.asp?selSub=91). More specific information on
project-level environmental impacts as they should be considered during project development is presented in the rest
of this chapter.

D. Linking Environmental Considerations of Systems Planning and Project
Development

Success in linking the environmental considerations of systems and project planning depends on several factors:
the extent to which collaboration/involvement among the different transportation and environmental agencies has
occurred in systems planning, the degree to which planning leads to early consensus on project purpose and need, the
complexity of design concepts and scope, and how planning starts to address environmental regulatory requirements.
Success can be measured by the extent to which early planning decisions survive in later project development phases
where NEPA-related effects are examined in greater detail. The following principles can lead to such success:

Environmental considerations should inform the transportation decision-making process, while the transportation planning
process should inform the environmental compliance process.
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Although decision makers do not necessarily need to know all of the details when making system-level or even
project/concept-level decisions, they do need reliable estimates of expected costs, benefits, and environmental impacts.
If environmental factors are not considered seriously in the transportation planning process, decisions made at this
point in the process may have to be revisited during subsequent project-level planning. For example, problems and
needs identified during the planning process can serve as the basis for the purpose and need statement required by
NEPA environmental documentation or other environmental processes (see chapter 1). Having an unsupported or
poorly defined purpose and need statement is a primary cause of successful legal challenges to transportation projects.
A well-supported and documented problem statement emerging from the transportation planning process provides a
sound basis for the purpose and need statement that can be used later in the NEPA project development process.

Another important linkage between the planning process and environmental considerations occurs in the develop-
ment and screening of alternatives and investment strategies. In a typical transportation planning process, a large
number of strategies are narrowed to a number of feasible strategies through the analysis and evaluation process. The
criteria for screening and refinement should include environmental (for example, socioeconomic, natural, and cul-
tural) considerations along with mobility and other defined transportation-specific concerns, including engineering
and operational feasibility, safety, cost, and affordability. The environmental measures are typically defined at a very
high level, but with enough information to make decision makers aware of the expected consequences of various
investment strategies.

Documenting the methodologies used, the mitigation strategies considered, and the decisions reached in planning can
have distinct benefits in later stages of project development and implementation. Environmental or cultural resource
agencies may not be part of the early planning process when screening and refinement steps are determined. Clear
and reliable documentation can provide a record of considerations and the decisions made for use later in the process.
Even if these agencies were involved early in the process, a project developed over a long period may involve different
agencies or responsible officials at different points in time, again suggesting the need for good documentation.

Appropriate parties and stakeholders, especially environmental resource and regulatory agencies and others with environ-
mental interests, should participate in, or at least be aware of; the decisions made.

An effective planning process involves more than a simple technical consideration of environmental issues. Because of
the breadth and diversity of issues typically addressed in a transportation planning process, a wide range of stakeholders
should participate when decisions are made. This leads to a broad-based understanding and acceptance of decisions
relating to different decision points in the process, from identifying a problem statement to recommending a course
of action. These parties could include transportation providers and policy/funding agencies, land use and planning
entities, environmental resource and regulatory agencies, community and economic development interests, political
bodies, and members of the public. The goal is to have balanced input and a consideration of issues so that decisions
are based on the broadest range of perspectives from a community.

Environmental resource and regulatory agencies have statutory roles in reviewing and approving project-level analyses
and disclosure documentation for specific resources, and/or issuing permits required for construction and/or operation
of a project. Federal, state, and local environmental resource and permit agencies should thus have early involvement
in a transportation planning study when some of the most fundamental decisions are being made. They should be an
integral part of the cooperative and collaborative process in establishing a problem statement, defining the range of
strategies to be studied, identifying the factors to be addressed, and adopting a work program with an agreed-to level
of detail for study elements, particularly the environmental analysis. Having environmental resource agencies involved
at the beginning of strategy development helps introduce relevant environmental impact avoidance strategies early in
the process so that strategy development and screening decisions do not have to be revisited later. This can happen
only if the resource agencies are part of the NEPA documentation review and permit processes.

It can be challenging, however, to get environmental resource and permitting agencies to participate in the planning
process—particularly in the early stages. These agencies may have limited staff and funding that are fully committed
to addressing projects further along in the development process. Nonetheless, it is worth securing the early involve-
ment of these agencies given the benefits described above. One important benefit is that it will make their job—and
that of transportation planners and engineers—easier and more effective throughout the rest of the planning process
and in later project development stages. Numerous strategies have been used to encourage the early involvement of
environmental resource agencies, including having a standard operating procedure for resource agency participation,
providing resources for such participation, and initiating the formal environmental impact analysis/documentation
process earlier in the planning process, thereby triggering formal resource agency involvement.

Environmental Considerations ¢ 127



Environmental Stewardship

Environmental stewardship is an emerging concept. At one level it involves protecting the environment through
the avoidance, minimization, and mitigation of environmental impacts, or through compliance with envi-
ronmental laws and regulations. But it also has a larger aim. Environmental stewardship strives to improve
environmental conditions and enhance the quality of life wherever possible. It encourages partnerships that
promote ecosystem conservation and address public priorities such as mobility and safety.

A transportation project often provides an opportunity to address enhancement opportunities—unrelated
to that transportation project—that can be viewed as mitigating or offsetting adverse effects. Incorporating
context-sensitive design is one means of accomplishing environmental stewardship. The intent is to develop a
project that is in harmony with its surroundings; maintains safety and mobility; and preserves scenic, aesthetic,
historic, and environmental resources. Examples might include a recreational trail along a roadway or transit
corridor, the restoration of a stream beyond project boundaries, and the use of indigenous materials or archi-
tecturally sensitive features in the design of structures or sound barriers. Context-sensitive design goes beyond
strict design features and can include the use of materials and construction techniques, operational practices,
and maintenance techniques that are environmentally sustainable.

The rationale or basis for early planning decisions should be well documented to inform later stages of the project development
process.

Even within a highway or transit agency itself, a multidisciplinary, multidepartmental group of stakeholders is often
needed throughout the planning and project development process. Typically, different agency units provide leadership
at different stages. A planning office may have responsibility for the initial planning work, with a project development
office assuming the lead for the preliminary engineering and environmental phase. The project may then pass to
a design group at a headquarters location or to a district or regional office, and subsequently to construction and
operations and maintenance groups. Because many of these groups often lead later phases of project development, they
need to be informed of earlier decisions (and commitments) so they can understand the rationale for project designs
and mitigation strategies. This can be done by participating in the planning process, or through formal transmittal
documents that accompany a project as it proceeds through project development and that describe agreements and
consensus on project characteristics.

Figure 4-3 illustrates how one transportation agency envisions the involvement of multiple departments. The early
planning stages are led and principally staffed by the planning unit, with significant involvement from the project
development and environmental groups. The design, construction, operations, and maintenance departments have
a limited role in the early stages, primarily informing the process and contributing to decision making from the
perspective of designers, builders, operators, and maintainers. As project development progresses, other units assume
the lead, and the roles and levels of involvement of the units increase or diminish as appropriate.

Several years can elapse between a decision made during a planning process and subsequent project development and
implementation. Agencies and stakeholder participants may change, and different agency units and consultants may
be involved in subsequent phases. Federal or local policies and priorities, planning assumptions and forecasts, and
existing conditions can and often do change. It is important to remember that an effective planning process cannot
rely on institutional memory. It needs solid documentation.

The planning process should include a public engagement program in which issues identified by the community influence the
purpose and need of the project and definitions of prospective strategies.

It is worth noting that, although study and project participants may change, the affected communities and the issues
that mactter to them often remain relatively stable. A clear and thorough record of comments received from the public,
and the respective responses, shows that issues have been vetted by the responsible authorities. In addition, thor-
ough documentation of the environmental considerations, analysis methods, and results, as well as the development,
screening, refinement, and evaluation of strategies, is required to satisfy legal and regulatory obligations. Without doc-
umentation, there is a risk that earlier decisions made in the planning phase may have to be revisited or the process
repeated due to legal challenges, causing delays, extra costs, and stakeholder frustration.
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Figure 4-3. Roles and Level of Involvement during Project Development
Timeline
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Source: Florida Department of Transportation, Office of Policy Planning (unpub-
lished and undated), Reprinted with permission of the Florida Department of
Transportation.

Environmental streamlining—that is, using information produced in the planning process for the environmental
analysis to minimize repetition and delays—has received a lot of attention from transportation officials in recent
years. A Council on Environmental Quality (CEQ) NEPA Effectiveness Study [1997] found that the NEPA process
was too long and had high costs; agencies often made decisions before hearing from the public; and the process
was initiated too late for it to be fully effective. FHWA [2002] found that it typically took anywhere from 9 to 19
years to complete a federally financed new highway construction project. Five to 10 years were required for planning,
preliminary design, and environmental review.

The aim of environmental streamlining is thus to:

 Improve timeliness of the environmental process.
e Improve interagency cooperation.
 Recognize constraints on time and resources (human, financial, etc.).

* Resolve issues early.

Provide for mediation of process stumbling blocks.

Improve project management.

Foster environmental stewardship.
It is implemented by:

o Establishing a coordinated review process between the transportation agency and other involved agencies.

¢ Emphasizing concurrent reviews to save time and avoid formal dispute-resolution processes.

Environmental Considerations ¢ 129



¢ Allowing local environmental review processes to be included in the coordinated review process.
¢ Enabling funding by a nonfederal agency to affected federal agencies to meet expedited time limits.

o Fulfilling responsibilities as trustees of the environment for succeeding generations, moving toward a
cost-effective and environmentally sustainable future.

e Integrating environmental values with partners within all transportation work as a core business value.
g g p

Streamlining can be implemented via memoranda of understanding (MOU), training, memoranda of agreement
(MOA) and programmatic agreements, information sharing, use of delegation authority, and other administrative
flexibility actions and initiatives such as pilot programs to demonstrate the feasibility of streamlining strategies.

lll. GENERAL PRINCIPLES REGARDING ENVIRONMENTAL CONTENT
AND LEVEL OF DETAIL

The intensity or importance of an adverse or beneficial impact is related to its context. For example, the loss of a few
houses or businesses in a small community or neighborhood might be considered more significant than the loss of the
same number in a larger community or neighborhood. The small community context makes an impact much more
significant than a similar impact in a larger urban area.

Another way to gauge intensity is through social acceptability. An unavoidable loss of several businesses might be
considered an acceptable consequence of a project where there are mitigating benefits. On the other hand, impacts to
public health and safety or to unique or unusual settings or environments, as well as impacts that generate a high degree
of public controversy, might be deemed unacceptable to policy- or decision-making bodies. Unacceptable impacts are
sometimes referred to as fazal flaws. This means that, notwithstanding the benefits of the project, a particular impact or
accumulation of impacts can be so undesirable that it renders a specific strategy or even the overall action unacceptable.
In some circumstances, there may be laws or regulations that enforce or set a standard for the acceptability of an impact.

The following paragraphs discuss some important issues to consider when establishing the overall approach to envi-
ronmental assessment for transportation system and project planning,.

A. Types of Impacts

Transportation systems can affect the environment in many ways. Not only are transportation professionals interested
in potential impacts close to or adjacent to a facility, but in a broader sense, they are also interested in the signif-
icant effects transportation systems have on the health, economic success, and quality of life of a community. For
example, the following vision of a sustainable transportation system, offered by the Oregon DOT, shows the range of
impacts and strategy types that might be considered as part of the environmental context for transportation system
performance:

“By 2030, Oregon’s transportation system supports people, places and the economy. We travel easily, safely and securely,
and so do goods, services and information. Efficient vebicles powered by renewable fuels move all transportation modes.
Community design supports walking, bicycling, travel by car and transit wherever appropriate. Our air and water are
dramatically cleaner, and community sensitive and sustainable transportation solutions characterize everything we do.

Oregonians and visitors have real transportation choices and transfer easily between air, rail, motor vebicles, bicycles
and public transportation; while goods flow just in time through interconnected highway, rail, marine, pipeline and air
networks. Our communities and economies—large and small, urban and rural, coastal and mountain, industrial and
agricultural—are connected to the rest of Oregon, the Pacific Northwest and the world. Land use, economic activities
and transportation support each other in environmentally responsible ways.

We excel in using new technologies to improve safety and mobility. We maximize the use of existing facilities across tra-
ditional jurisdictions and add capacity strategically. Public/private partnerships respond to Oregonians’ needs across all
transportation modes. Transportation system benefits and burdens are distributed fairly, and Oregonians are confident
transportation dollars are being spent wisely. By 2030, Oregonians fully appreciate the role transportation plays in their
daily lives and in the region’s economy. Because of this public confidence, Oregonians support innovative, adequate
and reliable funding for transportation. ...”

[Oregon DOT, 2008]
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The Oregon DOT produces periodic progress reports indicating the level of achievement ODOT is making with
regard to these sustainability goals (see ODOT, 2012).

The environmental consequences of a transportation project can take several forms. Direct impacts are the most obvi-
ous and tend to receive the most attention. These occur as the direct result of the construction of the project (for example,
house or store displacements or loss of habitat) and of facility operation (for example, noise or ground vibration).
Secondary impacts occur as a consequence of a direct impact. Typically, secondary impacts occur later or at some
distance from the project, but they can still be reasonably foreseen. For example, a direct impact of a transportation
improvement that improves access to adjacent land is residential or commercial land development. The secondary
impact of the transportation investment occurs when this development produces its own set of environmental con-
sequences, such as local road congestion, pollutant emissions, or community disruption. These secondary impacts
should be covered in the environmental analysis and in the planning-level evaluation of transportation projects. In
recent years, secondary impacts have also been examined in systems-level planning, albeit at a very broad level.

In certain situations, combined or cumulative impacts—those that result from the incremental consequences of an
action when added to past occurrences, other actions, or reasonably foreseeable future actions—will generate an overall
impact of such magnitude that it should be presented and considered in the evaluation. [CEQ, 1997] For example,
the loss of a relatively small amount of wetlands as the result of a single project may in itself appear inconsequential,
but the combined effect of a number of seemingly small losses could result in a significant loss and degradation of
the wetlands resource (see Figure 4-4). Another way to consider cumulative impacts is to examine the project-related
impact in the context of similar impact-generating activities currently occurring. For example, a traffic-generated noise
impact on a given neighborhood may not be considered a serious adverse effect by itself, until it is placed in the context
of current and expected traffic-related noise generation from other traffic sources. In the larger context, these impacts
can have more severe consequences than would appear when they are considered individually. Where appropriate, the
environmental analysis and strategies evaluation should include a discussion of cumulative impacts.

Most environmental concerns are limited to  Figure 4-4. Cumulative Impacts
the effects of a particular project, such as the
noise impacts from an increased number of Proposed
passing vehicles. However, some impacts may Project
need to be addressed programmatically. For '

instance, the impacts of a particular project Impacts
on a watershed or on regional air quality may
need to be addressed on a regional or pro-

grammatic scale during a regional planning Cumulative
. Any Past Future
process where the cumulative effects of a num- Action Impacts Impact on Impacts |~ ) ione*
ber of projects and actions are considered. Resource
. . Impacts

B. Appropriate Level of Detail |
Th f environmental lvsis duri FHWA Interim Guidance: * Reasonably

¢ purpose ot environmentat analysis during Indirect and Cumulative Other foreseeable,
the planning process is to identify any major Impacts in NEPA, Occurring including indirect
environmental or design concerns that are January 2003 Actions actions

likely to affect the selection of a preferred
investment strategy, or that might relate to
environmental regulations (such as for air
quality) or permitting requirements (such
as for wetland permits). This will likely
include, at a minimum, the identification of
environmentally-sensitive areas within the study boundaries. An initial scoping process should define the appropriate
level of social, economic, and environmental analysis for a planning study, along with the approach toward interagency
coordination and public engagement.

Source: Federal Highway Administration. 2014. Questions and Answers
Regarding the Consideration of Indirect and Cumulative Impacts of NEPA.
Washington, DC: FHA. Accessed February 9, 2016, from https://www
.environment.thwa.dot.gov/guidebook/qaimpact.asp.

The level of analysis should be sufficient enough to identify and evaluate all differentiating characteristics of the
project concepts and scopes under consideration. As noted previously, it is important to have environmental resource
agencies involved at the beginning to help establish the level of detail for the environmental analysis and the strategies
to be considered, including avoidance and minimization strategies and future no-build conditions. Resource agencies
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would also be valuable participants in screening strategies to make certain that environmental factors are appropriately
considered. As will be discussed later, benefits and impacts can be assessed subjectively and/or they can be quantified
and monetized (if possible and desired).

Commitments to specific mitigation measures are not usually made at the systems planning level. However, it is
important to clarify the degree to which different types of mitigation strategies have been successful in avoiding or
minimizing environmental impacts in the state or region. At the systems planning level, it is also desirable to have a
sense of the costs associated with environmental mitigation strategies.

The level of detail in environmental analysis should reflect the complexity associated with different types of projects
and strategies, with explicit consideration given to the risks and uncertainties related to the likelihood and magnitude
of a possible impact. In cases where mitigation strategies would be costly, a more comprehensive study would normally
be undertaken. In cases where the strategies and the extent of the impacts are likely to be less costly, a more general
approach may be appropriate.

Most importantly, efforts made during a planning study should include close coordination of the inventory, analysis,
and findings with agencies having jurisdiction over the various environmental resources. The planning study should
document this coordination and should demonstrate the concurrence of the relevant agencies in the early findings.

The approach is very different for environmental analysis at the project planning level. Whereas in systems plan-
ning proposed projects are described in general terms, project planning focuses on very specific alignments and
design characteristics. Thus, environmental analysis in project planning is much more detailed than that found at
the systems level. According to federal transportation law, the appropriate steps for environmental analysis in project
planning include:

¢ Review by a qualified professional of existing environmental resource inventories, supplemented with addi-
tional data collection where necessary, and resource planning studies done by/for the resource agencies.

o Preliminary analysis of the nature and severity of likely impacts, with cross references to other sections of the
environmental analysis.

 Review of possible changes in the design or alignment of the strategy to avoid the impact (including costs
and other implications).

e Identification of potential measures to mitigate the impacts.

Most of the material found in the rest of this chapter provides information on the data and tools that can be used to
conduct environmental analysis at the project planning level.

C. Extent of Impact

Determining the spatial extent of potential impacts, often referred to as the impacted area, is an important part
of determining the significance of an impact. For systems planning, the impacted area could be very broad, such
as the regional air basin for a metropolitan area; or it might be limited, such as noise impacts to particular land
parcels adjacent to busy freeways. The spatial aspect of environmental impacts is reflected in the types of tools used to
analyze them. In the preceding illustrations, for example, analysis of regional air quality impacts usually relies on travel
network modeling that estimates the flows of trafhic in a region, and thus the concentration of motor vehicle—related
air pollutants in an air shed that could be hundreds of square miles in area. Noise impacts, on the other hand, can be
estimated with facility-specific models that target areas close to high-volume roads.

Impacts of concern should be identified early in the planning process. Several approaches can be helpful in doing
this, including looking at prior studies to determine which environmental concerns were studied; consulting relevant
agencies and groups; inviting citizen and stakeholder input; and/or actively engaging environmental agencies for
their input. Of all the available reports on environmental conditions and impacts for an area, the most useful might
be other environmental studies (EISs or environmental assessments) or area planning studies (including resource
planning studies).
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The process of identifying impact areas should allow the study sponsor to use the knowledge and expertise of
the groups most familiar with the study area and those who know the specific laws, regulations, and rules that
apply to these impacts. Field reconnaissance, especially in cooperation with other concerned agencies, is usually an
excellent method of identifying impact areas. As the planning study progresses, additional areas of concern may
be identified through the development and analysis of strategies, additional data gathering, and public and agency
involvement.

D. Role of Travel Demand Forecasting and Traffic Analysis

The analysis of current and future travel behavior and of transportation system performance is at the core of a trans-
portation planning study—especially estimating the effect that various transportation improvements will have on
both. Changes in trathc flows and transit operations, in particular, are a key analysis link between the travel forecast-
ing activities of a planning study and many of the social, economic, and environmental analysis topics discussed in
the remainder of this chapter. Travel forecasting and system-modeling methods are addressed in chapter 6, and later
chapters address methods for evaluating a range of actions and strategies.

Given the link between pollutant emissions, energy consumption, and the use of motor vehicles, air quality impacts
are dependent on changes in travel demand and system performance, as is energy consumption. The analysis of
noise, safety, and associated neighborhood/community impacts usually requires some level of site-impact analysis.
Travel-forecasting results often have to be developed at a level of detail needed for environmental analysis. This is often
a challenge. The computer models that serve as the foundation for most statewide and metropolitan transportation
planning today were not developed to predict environmental consequences and are often unable to do so reliably. In
many cases, post-processing modules have been added to the modeling regimen to accomplish this task. Although
these models may not be the best approach for producing good estimates, they are usually the only approach available
to transportation planners and engineers for making such assessments, and they are recognized as such in federal
planning and environmental regulations.

The following sections describe the scope and appropriate level of detail for the social, economic, and environmental
analyses that can be part of a planning study. They also describe the technical tools and methods typically used for
such analyses. The list of environmental topics is not meant to be exhaustive, but rather representative of topics
addressed in most planning efforts. It is important to note at the outset that many federal, state, provincial, and local
planning agencies, as well as environmental resource agencies, publish regulations, rules, and guidance on the legal
requirements for conducting an environmental study. The rules and guidance often change to incorporate new laws,
or reflect different perspectives from those of new policy makers. At the very beginning of a study, the planner should
contact the most relevant environmental resource agencies to obtain the most recent guidance.

IV. LAND USE AND ECONOMIC DEVELOPMENT IMPACTS

Transportation planning has for decades addressed the interaction between transportation investments and land use
and development patterns. This interaction involves both the effect of land use on travel patterns and the influence of
transportation investment decisions on land use development (see chapter 3).

Transportation planning takes existing and projected land-use patterns into account in almost every type of planning
study. Knowing the future distribution of population and employment is fundamental to predicting future travel
demand. At the project level, analyzing the consequences of transportation investment on land use has generally
focused on the direct impacts of facility construction, such as land acquisition or the creation or elimination of a
particular land-use activity. At the systems level, there is increasing interest in indirect or secondary impacts and/or
cumulative impacts on land use that result from changes in accessibility brought about by transportation investments.
An example of an indirect or secondary impact would be land development that capitalizes on the improved acces-
sibility of a new highway interchange. A transportation improvement can also bring about an induced change in
land-use activity or density, such as joint development around a transit station, that would not have occurred without
the investment. Given the strong linkage between land use and transportation investments, land-use implications will
likely be a critical topic in many transportation environmental studies.
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Many regional land-use policy and planning issues are more appropriately considered at the metropolitan level.
Thus, for example, a study that is looking at the implications of alternative future land-use scenarios on both regional
environmental indicators and transportation system performance will necessarily have to be conducted at the
metropolitan level. In most cases, this will entail using a land-use model or some other analysis tool to assess such
consequences. The reader is referred to chapter 3 on land use for a discussion on how planning agencies carry out
these types of analyses.

This section focuses instead on the interactions between land use and transportation at the corridor or subarea level.
This impact category, required as part of environmental impact statements, is important because of the concerns
often raised by local citizens and elected officials about the short- and long-term land-use effects of changing the
transportation system.

In many cases, land use is not the purview of the transportation agencies involved in a study. This is true almost
everywhere in the United States. For example, state DOTs do not have land-use authority, although through their
access-permitting process and role in environmental review, they can certainly exert influence. Local governments are
responsible through comprehensive planning and zoning regulations for land-use and development decisions, at least
as they concern public authority. Therefore, it may be appropriate to involve as part of the collaborative planning
process those agencies or levels of government with responsibility for, or jurisdiction over, land-use and development
policies, planning, and decision making. It also may be beneficial to invite input from other stakeholders who have
an interest in land use and may be affected by the planning process, such as developers and major landowners.

The following should be taken into account when addressing the land-use and development environmental effects of
a transportation strategy:

e Under NEPA and similar environmental regulatory review requirements, federal agencies are required to
consider the effects of proposed projects and alternative courses of action when federal action is contemplated.
Most federal guidance includes the consideration of impacts on land use and economic development, even
though the federal government does not have a role in such local decisions.

e Project sponsors often cite urban development benefits as an important reason for considering a major invest-
ment in transportation. In such cases, the magnitude of these benefits may need to be estimated to determine
how the expected benefits and other related outcomes compare to the costs and impacts, and whether other
strategies might bring about the desired benefits with less cost and/or impact.

¢ In some cases, cities or community groups may be concerned about the effect a strategy might have on neigh-
borhoods and communities. For example, they may oppose changes in land use that would bring increased
activity to quiet neighborhoods or would increase the volume of local traffic. A development impact anal-
ysis can help show whether these concerns are valid and, where necessary, foster agreement on appropriate
mitigation measures.

o Strategies that have economic development benefits can often be financed, at least in part, through
value-capture techniques, or they may be built through public/private partnerships that rely on capturing a
strategy’s development benefits. Preparing estimates of these future benefits or revenues can be an essential
part of the financial planning work done for the planning study. This would include identifying those
property owners most likely to benefit from increased property values (note that the dollar increase in
property values should not be considered a benefit in the analysis; see chapter 7).

The discussion that follows is meant to provide guidance on the appropriate level of detail for different land-use and
economic development impacts. It presents an overview of the linkage between transportation and land development,
and identifies a framework and technical approach for assessing the magnitude and incidence of these impacts where
appropriate.

A. Land-Use Impact Analysis

The analysis should separate development that is likely to be induced by a transportation project or strategy from
development that would normally occur in the real estate market. Realistically, given the large number of factors that
can influence development and the difficulty inherent in forecasting the causal outcomes of these factors, the best the
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analyst can often hope to achieve is an informed estimate. The steps for a land-use analysis as part of an environmental
study include the following:

1. Identify Land-Use Markets

Land-use impact analysis can occur at different geographic levels, such as a region, corridor, subarea, or specific site.
All levels of analysis should be consistent, meaning the sum of all land-use changes predicted at the local level should
add up to the regionally defined control total for expected population and employment.

Impacts on Regional Development. As discussed earlier, regional land-use and development issues are typically
addressed at the metropolitan level and primarily set the land-use planning context for corridor/subarea analyses. In
most cases, transportation planning agencies do not have strong influence over local development decisions, although
there are some metropolitan areas, such as Portland, Oregon, where regional agencies have been given strong land-use
authority. Where corridor/subarea transportation investment strategies affect regional land-use patterns, such as pro-
viding increased transportation accessibility to different sectors of the region, such impacts should be considered in
the environmental assessment. In addition, in many instances, corridor and subarea studies rely on the regional travel
demand model and zonal system established for regional forecasting. Often, the zonal system is too aggregate for
smaller-scale analysis, and these zones are then often subdivided to a higher level of detail (see chapter 6 on travel
demand forecasting and chapter 17 on corridor planning). This finer level of detail on land-use and development
patterns should be shared with the MPO so that its zonal system can be updated.

Impacts on Corridor or Subarea Development. Transportation investments are more likely to redistribute regional
growth that was going to occur anyway than generate new development in the region. For example, strategies serving a
healthy business district may provide the added transportation capacity needed for additional growth to occur at that
location rather than in a suburban location. Such distributional effects will likely occur if inferior access conditions
currently restrict one part of the region from growing as rapidly as other parts (although location decisions are also
influenced by tax policies, access to the labor market, and incentives provided by local governments).

Where new development is anticipated, the analysis should indicate the extent to which the corridor/subarea growth
will come from other parts of the region (if possible). It is important that regional decision makers understand that
overall corridor/subarea-level impacts tend to be a zero-sum game when looked at from a regional perspective; regional
equity and other implications of these impacts should be taken into account.

Impacts on Local Development. A transportation investment is likely to have the most noticeable land-use impacts
in areas immediately adjacent to stations, interchanges, or other points of new or significantly increased accessibility.
Because of the linkage between development and transportation accessibility, standard transportation evaluation or
performance measures can be used to compare strategies in terms of their potential to produce local land-use changes.
For systems planning, all of the strategies’ potential to cause local development might be compared using the following
outputs of the travel-forecasting process:

e Percentage of the region’s population and/or employment within x minutes of the site by automobile and by
transit.

¢ Changes in transit, highway, and other modal travel times, weighted by mode share. For this purpose, the
denominator of the logit model can serve as the analysis variable (see chapter 6 on travel demand forecasting).

The methods for evaluating the indirect and induced impacts of transportation investments continue to evolve. These
techniques range from those that are largely qualitative in nature, focusing on interviews and expert knowledge, to
relatively quantitative approaches, such as linked land-use and transportation-forecasting model systems.

Integration of highly structured transportation and land-use modeling systems represents the most sophisticated means
available for understanding or simulating an interaction of transportation and land use. This approach suits metropoli-
tan area studies for the very largest of the major investment strategies. For investment strategies whose scale is less
likely to make a measurable impression on overall regional allocations of households and jobs, other techniques can
be employed to simulate transportation and land-use interaction (see chapter 3 on land use).

A technique that is well-suited to the latter is conducting a series of highly structured interviews with experts in relevant

fields, to elicit their expert opinions on the likely land-use outcome of a major transportation investment. When the
interviews are formally structured with a process of feedback to participants through a series of confidential interviews,
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the technique is known as a Delphi process. The Delphi process was first applied to land-use forecasting in the 1970s.
With the renewed interest in land-use issues, this technique may be appropriate for application in investment studies.

Regardless of the level of sophistication, analyzing the interaction between transportation and land use addresses
the same issues and requires systematic data collection and evaluation. Analysts should review all techniques to ana-
lyze these relationships and determine which can be used most effectively in their jurisdiction, given available data,
resources, and outside recommendations.

2. Examine Past Land-Use Trends

The land-use analysis continues with the identification of past land-use trends in the area, defined to include those
areas both directly and indirectly affected by a specific strategy. Analysts typically accumulate data on the rates and
characteristics of land consumption for a period of 10 to 20 years, or the period that has passed since the last major
improvement to the transportation facility. These are defined as the conversion of open or agricultural land to residen-
tial, commercial, office, and industrial use. Data on population/households and employment growth for the area can
be assembled and evaluated to understand the role that transportation, in general, and current facilities and services, in
particular, have played. The analysis would include identifying major development sites and/or employment centers,
large-scale residential developments, and other uses that, from a land-use and transportation point of view, are key
determinants of travel behavior in the corridor.

It may be prudent to look at nontransportation factors as well, such as regional growth rates, quality of schools, crime,
and others. These factors may be the dominant determinants of land-use development, with transportation investment
factors playing a relatively minor role. At this point in the analysis, existing and future land-use conditions and trends
in the corridor may indicate that land use might not be a major factor in the development and evaluation of the
strategies, and thus may not require an in-depth analysis in the transportation study.

3. Analyze Current Land-Use Conditions

The next step is to develop an inventory of current land uses in the study corridor, site, or subarea. Depending on the
study’s resources, this inventory may be based on existing sources, or there may be a need to collect new data. The data
will most likely be in a GIS format. Methods for developing a land-use conditions inventory can include the use of
aerial photography, records from local tax assessors, purchased data, or reports from commercial and residential real
estate brokerage firms and/or other public or private data sources, such as other planning studies and resource agency
plans. The inventory should define the amounts and locations of the principal land-use types in the study area.

The analyst should assess the likelihood of existing land uses remaining stable over the timeframe of the study. Evidence
of any trends of economic decline or revitalization should be noted. These are easily identified from relative changes
in land or real estate values, as compared with those in other similar local areas.

The inventory should also include information about the location of vacant parcels that could now be more desir-
able given the transportation investment, including underutilized or nonconforming parcels. Underutilized parcels
are defined as those that have not yet been developed to the densities permitted by existing zoning or plans. Noncon-
forming parcels are those that do not conform to existing permitted uses. These may also be underutilized.

An assessment of the effectiveness of existing land-use policies should be undertaken if these policies are included as
part of the transportation study. If the study includes an assessment of different land-use scenarios, it is essential to
have a good sense of existing land-use conditions.

4. Evaluate Land Use-Transportation Linkages

Building on the evaluation of past trends and current conditions, the analyst should next examine the characteristics
of proposed transportation strategies as they relate to land use, including an analysis of the likely consequences of
increased accessibility and mobility resulting from the strategies. Some investments represent dramatic change in
accessibility; others represent only incremental changes. The analyst should evaluate area sites that will be particularly
sensitive to such changes.

Accessibility is defined as the extent to which a strategy makes or enhances connections between geographic areas or
portions of a region as well as across modes. Mobility is defined as the ease (for example, speed) with which movement
can occur. While these two terms are interrelated, it is important to separate them to complete the land-use impact
analysis (see chapter 3 on land use).
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Finally, the analyst could coordinate this evaluation with the travel forecasting activities and attempt to answer such
questions as: To what extent is the strategy largely a peak period facility or service? To what extent does it serve various
non-work trip purposes? The answers to these questions may lead to a better understanding of likely land-use impacts.

5. Estimate and Evaluate Future Land-Use Demand

The next step in the framework is to evaluate how different strategies will affect the demand for various types of land
based on the analysis of changes in accessibility and mobility. This part of the analysis is accomplished by addressing
questions such as the following:

o In what parts of the study area will the largest land-use effects occur? In addition to these primary impact
areas, where will there be lesser impact? (These secondary areas will tend to be distant from a fixed route or
guideway system, or have other constraints in which a change in transportation infrastructure affects land-use
demand, for example, zoning or environmental constraints.)

e What types of land uses will be demanded in the market? The study would typically include a traditional
taxonomy for land uses in the study area, for example, single/multifamily residential, industrial, or office.
Land-use categories are defined by local ordinances and codes; however, the changing needs of residents,
employees, and employers are leading to more interest in mixed-use development. In addition, the extent
of land consumption (through requirements such as floor area ratios and parking requirements) associated
with various land-use categories is only partly determined by market conditions. Land consumption is also
a function of local ordinances and permitted densities. Thus, past land consumption trends may not be the
only determinant of future demand.

e Are the demands resulting from a change in transportation infrastructure likely to be one-time changes or
permanent changes? What is the likely timing of these land-use changes by type?

e Will the changes present net growth in the region, or will the changes cause a redistribution of population
that, without the strategy, would have gone to another part of the metropolitan region? The answer to this
question depends in part on the extent to which the transportation strategy represents a substantial increase
in accessibility to new markets for businesses.

 Will future land-use demands result in the same or a different mix of land uses than currently found in the
corridor? For example, will the area be more or less attractive for residential development? Retail development?

All types of development?

6. Evaluate Land Supply

Because the interaction of land supply, travel demand, and local/regional development policy influences regional
growth, it is very useful to evaluate the various determinants of land supply in the study area, as well as how each
determinant may be affected by transportation strategies. For example, to what extent will the strategy itself use land
that is otherwise developable? To what extent will the right-of-way needed affect the usefulness or marketability of
adjacent parcels? These issues are traditionally addressed in a land-use impact analysis; they are considered direct
impacts of the strategies.

In addition, the analyst may want to review existing zoning and comprehensive plan designations to understand
the opportunities and constraints within which future development will occur. The supply of land affected by the
transportation strategy will be shaped by these zoning and planning designations. Traditionally, for example, areas
zoned for residential development—even though not yet fully developed—have an established character, which may
not be easily changed despite demands for other uses.

7. Produce Findings and Conclusions

Comparing and contrasting the way the supply and demand for land and its uses are influenced by transportation
strategies allow the analyst to assess direct, indirect, and induced effects of transportation investment, and the sup-
porting data for those conclusions. This final step in the land-use analysis documents the steps taken in the analysis
and provides evidence to support any recommendations or conclusions that result. The results are incorporated into
the evaluation component of the transportation study (see chapter 7 on evaluation) or as the evaluation results of an
environmental study.

In summary, by systematically addressing a series of land use—related issues and questions, the land-use analysis can
contribute meaningfully to the strategy evaluation and impact assessment process. The approach described in this
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section can be applied to any kind of major transportation investment, both to individual modal elements or to
multimodal strategies and plans. The key concepts are the links between changes in accessibility to a site, area, or
corridor; the availability and suitability of land and sites in that vicinity; and the potential effects of existing or potential
land-use policies, ordinances, or strategies that apply to the affected area.

B. Consistency with Planning and Zoning

The analysis should examine whether the forecasts for development are consistent with adopted local comprehensive
plans and zoning. To the extent that the results of the land-use impact analysis lead to forecasts for levels or types of
development inconsistent with current plans, there is an opportunity, or perhaps an imperative, to address and resolve
these issues. Although the process for this resolution may evolve beyond the transportation planning study, the issues,
opportunities, and conflicts should be clearly identified as part of the study process. Further, the planning process
may provide an opportunity to bring about interjurisdictional and interdisciplinary coordinated and collaborative
planning.

C. Impacts on Services and Tax Base

Changes in development can increase the tax base of an affected jurisdiction(s), but may also increase the demand
for public services, such as schools and law enforcement. These effects should be explicitly considered in the analysis.
Where the fiscal impacts of changes in development are thought to be an issue, local governments should be brought
into the study process. Such estimates should take into account the type of development expected to occur, the kinds
of public services normally required for such development, and the possible need for new capital facilities to provide
these services.

D. Impacts on Transportation Systems

To the extent that strategies may lead to secondary and cumulative land-use impacts, their effect on transportation
system performance should be explicitly considered. If the land-use analysis has identified new development in certain
locations, it will be possible to estimate the travel demand and behavior associated with the new developments on
these sites. The traditional travel-demand forecasting process can then be employed to determine the effects of this
travel behavior on the performance of the transportation system. Where trip generation and distribution lead to the
overloading of local street, highway, transit, or nonmotorized system capacity, mitigation measures may be necessary
to increase system supply and/or manage travel demand (see chapter 6 on travel demand modeling).

E. Economic Impacts

Another important impact of the construction and operation of new transportation facilities or services is the effect
on employment and local economic activity. Calculating the local employment impact is straightforward and relies on
standard factors, which should be readily available from local economic development reports or from the economics
or planning departments of local universities. Once a strategy’s capital cost has been estimated, the temporary employ-
ment due to construction can be calculated using an estimate of person-years of employment per million dollars for
this type of construction. In addition, permanent employment opportunities will be created to operate the expanded
system. Estimates of permanent employment can be derived from the operating cost developed during the cost anal-
ysis. Both the temporary and the permanent effects of this direct employment can then be assumed to multiply the
economic impacts as the direct wages and salaries are spent in the local area to generate indirect employment. These
multipliers have been calculated for most local areas.

Four types of employment impacts are usually considered in an economic impact study: temporary and permanent
direct employment, and temporary and permanent indirect employment. Such employment impacts can be included
in the environmental justice analysis that examines social equity consequences of transportation investment (see next
section).

The effects of spending large sums of money on the construction and operation of a new transportation facility are
not limited to employment, even though most of this money is eventually spent on wages and salaries. Of interest to
local governments, some of this money also is spent on local taxes.
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V. SOCIAL AND COMMUNITY IMPACTS

Transportation systems affect the social environment of a community in numerous ways, both during and after con-
struction. Social environment is defined as the surrounding community’s interpersonal interactions that are within an
impact area of a particular facility or service. Potential adverse social impacts include household or business displace-
ment and relocation, reduced neighborhood cohesion, deterioration in the quality of neighborhoods and lifestyles, and
reduced access to vital community facilities and services. Beneficial impacts could include improved access to employ-
ment and services, increased economic development, and improved infrastructure. As appropriate, these impacts
should be assessed during a planning study. Where adverse impacts are anticipated, possible mitigation measures
should be identified, as is required in the United States for highway and transit actions covered by NEPA, the joint
FHWA and FTA EIS regulations, and Executive Order 12898 on Environmental Justice.

The lead and collaborating agencies should jointly identify the social issues that need to be considered in the study.
The most useful way to identify potential social impact issues is through public outreach. Beginning with the study
initiation process and continuing throughout the planning study, a public participation program provides opportuni-
ties for interested citizens and groups to express their views on the likely effects of the strategies being considered. This
input provides valuable perspectives on potential effects and helps to assess the severity of impacts and possible miti-
gation measures. Experience reveals that various social indicators, such as neighborhood mobility and stability indices
and social interaction analysis, are generally less useful than straightforward public involvement for identifying and
assessing realistic social impacts and mitigation options.

Local agencies should avoid making judgments on the significance of social impacts, since this is largely a matter of
perception. Instead, impacts should be quantified where possible, identifying the number of displaced households,
for example. The planning study should carefully describe the impacts and public views about their significance,
while avoiding judgment. The analysis of social impact should also identify groups likely to be affected, as called
for in Executive Order 12898 on Environmental Justice. Where social impacts are anticipated, the documentation
should use maps displaying neighborhood boundaries, and present a socioeconomic profile of each neighborhood.
This information may then be used to assess the distribution of investment benefits and impacts among various
jurisdictions, transportation users, and socioeconomic groups.

A. Community Disruptions

The physical construction of transportation projects frequently requires land, often causing households, businesses,
and public facilities to be displaced. These impacts need to be identified and assessed to the degree possible for each
strategy. An important measure is the number of individuals, families, businesses, and facilities that would be displaced.
The availability of comparable replacement housing—and the significant effects on the neighborhoods the displaced
individuals are likely to relocate to—should also be examined. Planning studies often determine the characteristics of
the families to be displaced (race, income, tenure, age, family size), as these may have a bearing on the severity of the
effects of displacement and the availability of suitable replacement housing. However, data availability and privacy
issues may limit this information to what is available from the census data.

The level of displacement is normally determined by using aerial photographs and conceptual engineering drawings.
While specific properties (defined by land ownership) to be taken for each alternative may not be known, there
should be a fairly accurate estimate of the number of dwellings and businesses that would be displaced. For residential
displacements, the community profile provides information on the characteristics of the neighborhood, and thus the
likely racial and socioeconomic characteristics of those to be displaced. Where businesses are to be displaced, the study
should try to identify the types of jobs likely to be affected and whether these might remain in the community.

Where displacement occurs, families and businesses must be compensated for the cost of the property taken and for
relocation costs. Such compensation should be included in the capital cost of each strategy and should include the
cost of land and structures, the purchase of business enterprises, relocation expenses, and rent supplements as may be
necessary. Guidance on right-of-way acquisition and relocation assistance requirements is given in various federal and
local governmental programs.

B. Noise and Vibration

Many types of transportation investments have the potential to increase noise and vibration levels in a community.
Sources of transportation noise include vehicle operating noise, noise caused by diverted or increased traffic due to
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a highway or transit improvement, and noise and vibration generated by fixed-guideway transit facilities. (Note that
noise and vibration are treated here as part of the social and community effects category, primarily due to their potential
disruptive impacts on quality of life and social interaction.)

A major source of vehicle noise is the vehicle itself. This includes exhaust noise from diesel buses or truck engines,
the whine of the electric traction motors of rapid transit cars, and the noise from air moving through cooling fans. In
addition, tire noise made by rubber-tired vehicles can be substantial at high operating speeds. For rail systems, several
types of noise are generated by steel wheels on steel rails, depending on the type and condition of the running surfaces.
The guideway structure can also act as a noise source when it vibrates under moving vehicles. Some types of equipment
continue to run while the vehicle is stationary (fans, radiators, dynamic brakes, and air-conditioning pumps); thus,
the noise persists at traffic signals and in transit stations or storage yards. In transit facilities, noise is generated by
ventilation fans (in stations, subway tunnels, and power stations), chiller plants, and maintenance equipment and
operations.

Vibrations include those traveling through the ground and those perceived visually, such as by the swaying of signs as
trains pass by. For people living near a maintenance facility or a transit or truck route, vibration can be a substantial
irritant.

The purpose of a noise impact analysis is to determine and report important changes in noise impact on a community
associated with a strategy. The potential for adverse noise impacts is the greatest when noise-sensitive receptors are
located in the study area or when the community is located in an environment that is already exposed to high noise
levels. Noise-sensitive sites are placed into three categories:

o Category I—Low-density residential areas far from noise sources: buildings and parks where quiet is an impor-
tant element.

o Category 2—Residential buildings, or buildings with overnight sleeping accommodations such as homes,
hospitals, hotels, and motels.

o Category 3—Institutional land uses with primarily daytime use, including schools, places of worship, libraries,
auditoriums, and active parks.

To determine whether a detailed noise analysis is needed, a phased approach is often used, with attention given to the
type of strategy, its noise-producing characteristics, and the proximity of noise-sensitive receptors. The level of detail
in a noise analysis depends on the level of detail required to evaluate different types of strategies—generally the degree
and location of impacts, and the type, effectiveness, and cost of potential mitigation.

The three levels of analysis in this phased approach are described in greater detail in the FTA’s Guidance Manual for
Impact Analysis of Transit Noise and Vibration Impact Assessment. [Hanson et al., 2006] The first phase of all analyses
should include a screening to determine whether a noise impact analysis is needed. Noise- and vibration-sensitive land
uses, characteristics of strategies that would generate noise, and any potential noise problems should be identified.
This can be done by conducting walking or windshield surveys, by reviewing current land-use maps, or by inspecting
recent aerial photographs of the study area. If no noise-sensitive land uses are present, no further noise assessment is
necessary in the planning study. When noise-sensitive land uses are present, however, this early screening phase can help
determine whether further noise analysis is needed. Table 4-5 provides examples based on project type and distance
from receptors. The distances noted in the table can be used to locate noise-sensitive land uses in the aforementioned
three categories. If none of the listed land uses are found to be within the distances noted in Table 4-5, the proposed
alternatives would not substantially increase noise. Therefore, no further analysis would be needed for the planning
study.

Another common portrayal of noise standards is shown in Table 4-6 from the Federal Highway Administration. In
this case, noise levels are specified for different types of activities, and estimated or measured levels are compared to
standards. If noise levels are expected to exceed the standards, some form of abatement will be necessary.

A general assessment analysis provides more detailed information and covers a narrower study area than the
screening-level analysis. It is used to examine strategies where environmental evaluation is needed before engineering
details are available, as is the case for most planning studies. This phase picks up where the screening-level analysis
ends, that is, after sensitive land uses within noise-impact corridors have been identified. During the general
assessment phase, existing noise levels at these land uses are estimated. Future noise levels can then be estimated,
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Table 4-5. Screening Distances for Transit Noise Assessments

Screening Distance (ft)
from Right-of-Way or
Type of Project Property Line
Fixed Guideway Systems
Commuter Rail Mainline 750
Commuter Rail Station 300
Rail Transit Guideway 750
Rail Transit Station 300
Access Roads 100
Low and Intermediate Capacity Transit 100
Steel Wheel 750
Rubber Tire 500
Yards and Shops 2000
Parking Facilities 250
Access Roads 100
Ancillary Facilities
Ventilation Shafts 200
Power Substations 200
Highway/Roads 750
Bus Systems
Busway 750
Bus Facilities
Access Roads 100
Transit Mall 250
Transit Center 450
Storage & Maintenance 500
Park & Ride Lots 250

Source: Hanson et al., 2006

taking into account factors such as vehicle types, speed, trafhc volume, and the distance between the noise source
and the listener or receiver. This requires the use of travel demand models to estimate future traffic volumes.

Ambient noise levels are compared with projected noise levels to calculate the increase in noise due to a strategy.
An inventory of noise-affected receivers within an estimated corridor of the strategies can be prepared. The resulting
inventory of affected receivers can also be used for comparing noise impact among strategies. A detailed analysis
is used for assessing noise impacts where the formal environmental documents are prepared in conjunction with
preliminary engineering. This type of analysis provides much more detail about one or more NEPA alternatives,
including site-specific information about noise and vibration impacts on individual receptors, along with prescribed
mitigation measures based on the extent to which the criteria are exceeded.

Transportation noise can affect a community in two basic ways. It may be loud and frequent enough to increase the
cumulative noise significantly, or it may be objectionable even if it is intermittent or of short duration. Noise-impact
assessment involves two components used to determine whether cither type of noise impact will occur. An absolute
criterion compares the predicted noise from a strategy or an alternative to a standard; it predicts interference from a
particular noise source to the exclusion of other sources. The absolute criterion is used for rail rapid transit strategies
and bus options on highways. The relative approach involves comparing projected noise levels to existing ambient
levels. In this approach transportation noise is not considered in isolation but is integrated with the overall com-
munity noise level. The impact is assessed according to the contribution of transportation noise to the overall noise
level. The relative approach can always be used. For rail strategies, the absolute criterion is based on the maximum
level of a single vehicle pass-by (L,,,,), while the relative criterion is based on the change in peak-hour equivalent
noise level (L

max

eq) .
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Table 4-6. Roadway Noise Abatement Criteria (Hourly A-Weighted Sound Level, Decibels)

Activity
Activity Ciriteria Evaluation
Category | L,y | Ly (h) | Location | Activity Description

A 57 60 Exterior Land on which serenity and quiet are of extraordinary significance and serve an
important public need and where the preservation of those qualities is essential
if the area is to continue to serve its intended purpose.

B 67 70 Exterior Residential

C 67 70 Exterior Active sport areas, amphitheaters, auditoriums, campgrounds, cemeteries, day
care centers, hospitals, libraries, medical facilities, parks, picnic areas, places of
worship, playgrounds, public meeting rooms, public or nonprofit institutional
structures, radio studios, recording studios, recreation areas, Section 4(f) sites,
schools, television studios, trails, and trail crossings.

D 52 55 Interior Auditoriums, day care centers, hospitals, libraries, medical facilities, places of
worship, public meeting rooms, public or nonprofit institutional structures,
radio studios, recording studios, schools, and television studios.

E 72 75 Exterior Hotels, motels, offices, restaurants/bars, and other developed lands, properties
or activities not included in A to D or E

F No noise analysis required Agriculture, airports, bus yards, emergency services, industrial, logging,
maintenance facilities, manufacturing, mining, rail yards, retail facilities,
shipyards, utilities (water resources, water treatment, electrical) and
warehousing,.

G Mitigation is not required, Undeveloped lands that are not permitted.

but expected noise levels
must be provided to
local officials.

Source: FHWA, 2010a

The assessment of vibration impacts is usually performed in tandem with the noise assessment. At the planning
level, this assessment is usually limited to identifying vibration-sensitive buildings. Vibration impacts are assessed
on buildings rather than on general categories of land use. Vibration-sensitive buildings, however, may not be
evident from land-use surveys. The type of business or industry housed in the structure must be identified to
determine if vibration-sensitive processes are in use, such as hospital, laboratory, and recording studio activities. If
no vibration-sensitive buildings are identified, no further vibration analysis is needed. If there are such buildings,
further analyses may be necessary during preliminary engineering, when data on subsurface conditions are used to
assess vibration levels.

When conducting a planning study where different investment strategies are still under consideration, potential mit-
igation is discussed only in general terms, that is, the possible need for mitigation and the feasibility and cost of
various options. Later, when a specific project has been identified, specific mitigation measures should be described
and commitments given to implement them, generally during the NEPA/preliminary engineering phase. The final
environmental document should contain a complete description of mitigation measures to be implemented as part of
the proposed project.

An excellent source of federal and state information on noise analysis is found on AASHTO’s Center for Environmen-
tal Excellence website: http://www.environment.transportation.org/environmental_issues/noise/docs_reports.aspx.

C. Neighborhood Cohesion

Neighborhood cohesion refers to a social attribute that indicates a sense of community, shared civic responsibility,
social interaction within a limited geographic space, and interdependence that serves an assimilating function for a
number of other localized social purposes. The planning study should identify potentially affected neighborhoods
that exhibit a strong sense of cohesiveness and that have attributes making the community unique. If cohesiveness is
defined explicitly, it may be possible to obtain some empirical evidence to judge the degree of cohesion and thereby
gauge the impacts of proposed projects on the neighborhood. Public engagement is likely to prove a good technique
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for identifying and assessing potential impacts. Impacts on community cohesion can be mitigated by adopting facility
alignments that follow natural neighborhood boundaries or by proposing strategies that enhance the cohesion of the

neighborhood.

D. Neighborhood Quality

Transportation investment strategies could also affect the overall quality of a neighborhood. Such effects may be
reflected in changed property values, for example, or in the increased or decreased satisfaction residents derive from
living in the neighborhood. Eventually, existing residents might be replaced by new residents with different lifestyles.
Such impacts are difficult to predict, let alone quantify, yet they may be of considerable importance to those residing
in the community.

Economic and environmental analyses performed as part of the planning study can help reveal the likelihood of any
impacts on neighborhood quality and lifestyles. The assessments of noise and aesthetics, for example, should help reveal
potential changes in neighborhood quality. Similarly, the economic development analysis may show that a strategy
greatly increases a neighborhood’s accessibility, and that this could in turn enhance prospects for redevelopment.
Such redevelopment may be viewed as a positive impact of the project, but existing residents may prefer that their
neighborhood not be changed. The public involvement program should help the study determine the extent to which
community residents are concerned about impacts on neighborhood quality and lifestyles.

E. Access to Community Facilities and Services

Transportation investments may increase or reduce access to community facilities such as hospitals, schools, police and
fire stations, shopping, places of worship, and other community-important centers. Access may be reduced if the road-
way or guideway facility requires the acquisition of community facilities for right-of-way, or if the roadway/guideway
creates a barrier between residents and the facilities. Such impacts should be considered both during the construction
stage and for the permanent facility. Potential reductions in such access, particularly for school-age children and the
elderly, would be considered a negative impact needing assessment and mitigation.

The impact on access to facilities is normally examined by identifying the location of community facilities and the
areas they serve. Roadway/guideway projects that follow service area boundaries tend to have little, if any, impact on
access to community facilities; those that create a physical barrier through a service area would have an impact. In
such cases, the study should try to determine how many people would be affected by reduced access, and whether this
barrier would create special problems for them. Potential mitigation measures might be explored, including changes
in alignment, the construction of strategically located pedestrian crossings, or increased transit service by social service
agencies. The public engagement program, once again, is the most useful technique for assessing likely impacts and
evaluating potential mitigation measures.

F. Environmental Justice

Executive Order 12898 (“Federal Actions to Address Environmental Justice in Minority Populations and Low-Income
Populations”) calls for federal agencies to identify and address “disproportionately high and adverse human health or
environmental effects” on low-income and minority populations. The key aspect of this requirement is considering
how federal action—or in the case of a planning study, the strategies—will affect low-income and minority groups in
the study area and the region. In other words, who benefits? who pays? and who receives adverse or beneficial impacts?
According to the FHWA, three major principles guide environmental justice analyses:

e Avoid, minimize, or mitigate disproportionately high and adverse human health and environmental effects,
including social and economic effects, on minority and low-income populations.

e Ensure the full and fair participation of all potentially affected communities in the transportation
decision-making process.

o Prevent the denial of, reduction in, or significant delay in the receipt of benefits by minority and low-income
populations. [FHWA, 2000]
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While environmental justice issues are often raised to some extent in planning documents in the United States,
project-specific environmental analysis will consider it in more detail. The impacts and benefits accruing to
specific low-income and minority populations in neighborhoods and communities should be highlighted. The
planning study report’s summary of environmental impacts—a cumulative impacts discussion and/or the evaluation
chapter and equity discussions—should be compiled and a comparison made between the impacts/costs to identified
low-income and minority populations versus the general population.

When a planning study is part of a larger regional planning process, the environmental justice analysis can support a
broader system-level assessment of how the investment decisions and priorities will affect low-income and minority
populations. GIS tools in particular are very useful in identifying environmental justice impacts in a study area. See
chapter 7 on evaluation for more discussion on environmental justice analysis.

G. Public Health/Active Living

Chapters 1 and 2 describe the important role for transportation in the evolution of communities and in the qual-
ity of life of their residents. The physical characteristics of the transportation system are a factor in the health of a
community’s residents. Over the past 10 years, several agencies and groups have begun to examine this relationship
more closely, for example, how can one encourage more exercise through active living? [Raynault and Christopher,
2013] Air quality regulations (see Section VI) have as their major focus the reduction of hazardous pollutants caus-
ing serious health issues for those sensitive to different emissions (for example, those with asthma). However, the
more recent interest in public health focuses on urban form and how transportation does or does not encourage

physical activity.

According to the Centers for Disease Control, a more active lifestyle (for example, exercising) can have the following
benefits:

e Control weight.

 Reduce risk of cardiovascular disease.

 Reduce risk for type 2 diabetes and metabolic syndrome.

 Reduce risk of some cancers.

e Strengthen bones and muscles.

e Improve mental health and mood.

¢ Improve ability to do daily activities and prevent falls, if youre an older adult.

e Increase chances of living longer. [CDC, 2014]

Several transportation planning programs have embraced the concept of active transportation and have integrated
such strategies into the transportation planning process. [Dannenberg et al., 2014] The Nashville, Tennessee,
MPO, for example, has set aside funding for its active transportation program, with special focus on pedestrian and
bicycle facility investments (see http://www.nashvillempo.org/plans_programs/tip/ATP.aspx). Portland, Oregon,
has been a national leader in non-motor vehicle transportation for decades and Portland Metro, the region’s MPO,
has developed a Regional Active Transportation Plan (ATP) that “will make it easier to walk, ride a bike, or take
public transportation to your destination. The plan identifies a vision, policies and actions to complete a seamless
green network of on- and off-street pathways and districts connecting the region and integrating walking, biking
and public transit.” [Portland Metro, 2008] In San Francisco, the Metropolitan Transportation Commission
(MTC) established the following performance measures for health and equity used in the regional prioritization
process: premature deaths from exposure to particulate emissions, injuries and fatalities from collisions, and
average daily time per person spent walking or biking for transportation. In addition, the MTC has recognized
the important relationship between transportation and land use by trying to promote transit-oriented develop-
ments throughout the region. In San Diego, SANDAG, the MPO, awarded local community grants for activities
related to pedestrian paths, sidewalks, connections to transit, food access, and urban agriculture. Interestingly,
SANDAG also developed a health assessment module for its activity-based travel demand model. [Raynault and
Christopher, 2013]

144 + TRANSPORTATION PLANNING HANDBOOK



Several chapters in this handbook provide more detailed information on the analysis tools that can be used to
assess the effectiveness of active transportation strategies. See, for example, chapter 3 on land use and urban design,
chapter 12 on transit planning, chapter 13 on pedestrian and bicycle planning, chapter 14 on travel demand man-
agement (TDM), and chapter 19 on site planning and impact analysis. See also NARC [2014].

H. Historic, Cultural, and Parkland Resources

Transportation investments to be built with federal funding assistance are subject to two legal requirements dealing
with potential impacts on historic, cultural, or open-space resources. While the specific provisions of the two laws are
somewhat different and are generally treated separately, the work involved in addressing each requirement during a
planning study is sufficiently similar to allow combined discussion here.

Section 4(f) of the U.S. Department of Transportation Act requires a finding by the U.S.DOT Secretary of Trans-
portation that no prudent and feasible alternative exists to any federal action that has negative impacts on subject
properties, and that all possible planning has been done to minimize harm. Subject properties include significant
publicly owned parklands, recreation areas, open spaces, wildlife and waterfowl refuges, and historic sites.

Section 106 of the National Historic Preservation Act requires that federal agencies identify and assess the effects of
expenditures of federal funds on historic sites, districts, buildings, and archaeological sites. The provision requires
agencies to afford the Advisory Council on Historic Preservation an early opportunity to comment on proposed
actions having potential impacts on historic properties and to mitigate these impacts to the extent possible. Subject
properties are defined to include those on or eligible for the National Register of Historic Places.

The federal transportation agencies most affected by these laws, FHWA and FTA, must be satisfied that the stipulations
are met before any funding assistance is given to transportation projects. As with many other technical areas, it is
important to identify the appropriate level of detail required for the planning study, distinguishing it from the level
of detail more appropriately done later during project development.

Identifying all potentially affected properties in the corridor or subarea is an important first step in the analysis of
possible Section 4(f) and Section 106 impacts. For the diverse types of properties covered by the 4(f) requirement, it
is necessary to consult with local, state, and federal agencies having responsibilities for parklands, recreation areas, open
spaces, and similar properties. For historic properties, well-developed sources of information often exist. These include
the U.S. National Register, state historic registers and other listings, and the files of the State Historic Preservation
Officer (SHPO). In most cases, a survey by a historic preservation professional is needed to ensure the inventory is
complete and meets Section 106 requirements. This survey uses, at a minimum, the standards of eligibility for the
National Register to examine sites not currently listed on the register or those already identified as eligible.

The analysis of potential direct or indirect impacts is the second step in the 4(f) and 106 processes. Direct impacts
include the physical taking of the property or parts of the property, while indirect impacts include effects that impair
the use of the property for intended purposes. Indirect impacts usually involve noise, visual intrusion, or obstruction
of access to the property. Thus, the analysis must consider the current uses of the properties and examine possible
constraints on these uses caused by a project. Further, in considering indirect impacts, the scope of the analysis must
be broad enough to include not only properties that may be physically taken in whole or in part, but also sites
adjacent to and within view of the right-of-way. In some cases, the scope will include sites on access roads to station
sites that might experience significant increases in traffic volumes. The processes conclude with determinations by the
responsible agencies that proposed actions satisfy statutory requirements.

For the 4(f) requirement, the final NEPA document includes a 4(f) statement that:

e Presents the inventory and description of potentially affected properties.

e Discusses the likely nature of the impacts on these properties.

 Examines alignment variations and other design alternatives for the project that might avoid the impacts.

e Identifies mitigating actions that will be taken to minimize the adverse impacts, where these design avoidance

options are not judged prudent and feasible.
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Since the FHWA/FTA Administrators have been delegated the authority to verify the Department’s finding that the
Section 4(f) requirements have been met, this finding is made concurrent with approval of the final NEPA document.
The U.S. Department of the Interior reviews and comments on the draft Section 4(f) statement prior to FHWA/FTA
approval. See FHWA [2012d] for more detail on how to conduct a Section 4(f) analysis.

Federal legislation in 2005 amended the original law creating Section 4(f) requirements to simplify the processing
and approval of projects that have only de minimis impacts on lands protected by Section 4(f). A de minimis impact
is “one that, after taking into account any measures to minimize harm (such as avoidance, minimization, mitigation,
or enhancement measures), results in either:

1) A Section 106 finding of no adverse effect or no historic properties affected on a historic property; or

2) A determination that the project would not adversely affect the activities, features, or attributes qualifying a
park, recreation area, or refuge for protection under Section 4(f).” [FHWA, 2012d]

A use of Section 4(f) property having a de minimis impact can be approved by FHWA without the need to develop
and evaluate alternatives avoiding the use of the Section 4(f) property.

For Section 106 requirements, findings of adverse effects must be sent to the Advisory Council on Historic Preserva-
tion. Mitigation measures are stipulated in a memorandum of agreement (MOA) among the SHPO, FHWA/FTA,
and the grantee and the council, if it chooses to participate in the MOA.

The general recommendation regarding level of effort in this area parallels those of other technical areas. The work
during a planning study should be sufhcient to identify considerations that may be significant in selecting a preferred
strategy. In effect, the purpose is to identify any likely problems in meeting the 4(f) and 106 requirements for each
strategy. Thus, actual completion of the requirements is not necessary and, given the number of strategies and degree of
uncertainty typical of a planning study, may not even be possible. This general guideline provides substantial latitude
for determining the level of effort, depending on the degree of potential impacts in the corridor or subarea, the amount
of existing information, and the degree and nature of local concerns.

Most important, efforts during the planning study should include close coordination of the inventory, analysis and
findings with the SHPO and other agencies with jurisdiction over subject properties. The planning study should
document this coordination and demonstrate the collaboration.

VI. NATURAL RESOURCE IMPACTS

Transportation projects can have significant impacts on the natural environment, resulting in subsequent impacts on
communities and individuals (such as the impacts on air quality and water quality). A planning study should identify
the impacts of each strategy as well as their significance. Most planning studies, for example, will consider potential
impacts on water quality. Some will also examine impacts on wetlands, floodplains, and aesthetics. Occasionally,
detailed studies of endangered species, coastal zones, toxic waste disposal, ocean dumping, navigable waterways, and
other factors will be undertaken. Special rules, regulations, and permits apply to many of these impact areas. State
and local legislation and ordinances may contain additional requirements. Many of these topics will not apply to a
particular strategy or study area and can be eliminated from further consideration after an initial step of determining
to what extent such impacts might be relevant to the study.

The requirements for analyzing and dealing with each type of impact are beyond the scope of this overview. However,
there are numerous FHWA, FTA, and state/local resource agency documents on assessing impacts of transportation
options on the natural environment, which should be consulted.

In cases where the sponsoring agency has identified possible impacts beyond the analysis resources or capabilities
of local staff, outside assistance should be obtained. In many cases, specialized consultants are retained. Other gov-
ernmental, nonprofit, or private organizations and individuals may also be able to provide support. The following
federal agencies (and their local and state equivalents) might be useful: Army Corps of Engineers, Environmental
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Protection Agency (EPA), Fish and Wildlife Service (FWS), and Coast Guard. Further assistance may be obtained
through federally sponsored training courses and manuals.

A. Air Quality
The EPA has established National Ambient Air Quality Standards (NAAQS) for pollutants considered harmful to

human health and public welfare. NAAQS exist for the following pollutants, known as criteria pollutants: carbon
monoxide (CO), small particulate matter (PM, 5), sulfur dioxide (SO,), nitrogen dioxide (NO,), ozone (O3), and
lead (see Table 4-7). Transportation-related pollutant emissions can be of concern primarily at a local level, such
as CO emissions at intersections, or at a regional scale, such as ozone levels. Geographic areas that violate one or
more of these standards are called nonattainment areas. States, in cooperation with local planning and environmental
agencies, produce state implementation plans (SIPs) showing how these standards will be attained and maintained.
Transportation control measures (TCMs) can be part of the set of strategies that will help achieve the standards.

Air quality assessments performed during planning address the potential impacts of each strategy from three perspec-
tives: changes in regional pollutant emissions, changes in localized emissions, and the conformity of these changes
with adopted air quality implementation plans. Formal conformity determinations will be made later, when the cho-
sen alternative is added to the plan and TIP. For the purposes of a planning study, relative comparisons among the
strategies for air quality and conformity impacts are all that is normally needed.

Table 4-7. National Ambient Air Quality Standards (NAAQS), United States

Pollutant Primary/Secondary | Averaging Time | Level Form
Carbon Monoxide Primary 8-hour 9 parts per Not to be exceeded more than
million (ppm) once per year
1-hour 35 ppm
Lead Primary and Rolling 3-month | 0.15 pg/m? Not to be exceeded
Secondary average
Nitrogen Dioxide Primary 1-hour 100 parts per 98 percentile, averaged over
billion (ppb) 3 years
Primary and Annual 53 ppb Annual mean
Secondary
Ozone Primary and 8-hour 0.075 ppm Annual fourth highest daily
Secondary maximum 8-hour
concentration, averaged over
3 years
Particle Pollution | PM, 5 | Primary Annual 12 pg/m? Annual mean, averaged over
3 years
Secondary Annual 15 pg/m? Annual mean, averaged over
3 years
Primary and 24-hour 35 pg/m? 98t percentile, averaged over
Secondary 3 years
PM,, | Primary and 24-hour 150 pg/m? Not to be exceeded more than
Secondary once per year on average over
3 years
Sulfur Dioxide Primary 1-hour 75 ppb 99™ percentile of 1-hour daily
maximum concentrations,
averaged over 3 years
Secondary 3-hour 0.5 ppm Not to be exceeded more than
once per year

Source: Environmental Protection Agency. “National Ambient Air Quality Standards (NAAQS).” Accessed Feb. 24, 2016, from
htep://www.epa.gov/air/criteria.html.
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The level of analysis needed to address air quality impacts and the types of pollutants addressed will depend on the
significance of local air pollution problems. A quantitative analysis is needed when a transportation project or strategy
is located in a nonattainment area or could cause violations of one or more of the NAAQS. This includes highway
investments with added single-occupancy vehicle capacity, transit investments with major parking facilities, downtown
bus options (especially in areas where background concentrations are already high), and any proposal where there is the
potential for adverse effects on sensitive receptors, including hospitals, parks, convalescent or nursing homes, schools,
and residential neighborhoods.

Even though rail projects are electrically powered and the vehicles are nonpolluting, transit stations with parking for a
large number of cars can be indirect sources of air pollution. Increased traffic near stations and at parking lots during
peak periods may create hot spots or cause local increases in certain air pollutants in much the same way as various
types of roadway improvements. Measures such as ramp metering can reduce congestion on major freeways but can
create hot spots at the queues at metered ramps. Hot spots can also occur in queues at toll plazas. Tunnel ventila-
tion exhaust facilities also need to be considered. Projects such as bus storage and maintenance facilities, downtown
terminals, transit malls, and other projects that concentrate bus activity in populated areas can also negatively affect
local air quality.

Comparing estimated air pollution levels with the NAAQS is one of the procedures used to determine whether an
investment is likely to have an adverse effect on air quality and, if so, the severity of its effect. In areas that also have state
air quality standards, a more restrictive standard may be used. Another procedure is to estimate a potential project’s
effects on total emissions in an area, known as an emission burden analysis.

Some federal standards are expressed as hourly averages, while others are annual averages. The NAAQS for CO, for
example, is expressed as short-term 1-hour and 8-hour standards. The standard for NO,, however, is expressed as an
annual arithmetic mean. This makes it more difficult to assess the effects of operations during the short period of
greatest use. Although no short-term standard exists at the federal level for NO,, several states have adopted them.
These can be used as a basis for gauging the air quality effects of some projects.

The primary criteria pollutants examined for diesel bus and truck activity are nitrous oxides (NO,), which mostly
represent the sum of nitric oxide (NO) and nitrogen dioxide (NO,) hydrocarbons (HC), and small particulate matter.
The effects of these activities on noncriteria pollutants, such as formaldehyde and benzene, might also be considered.

Ozone is a component of photochemical smog, which is produced by the action of sunlight on a combination of HC
and NO,. In metropolitan areas the major mobile-source factors affecting peak ozone concentrations are NO, and
HC emissions from motor vehicles and photochemical production of oxidants. Where gasoline-powered vehicles are
the primary concern, the analysis focuses on CO. Most CO pollution and violations of standards are caused by motor
vehicle emissions at hot spots or areas of heavy traffic congestion.

One of the most common ways of estimating pollutant emissions from the transportation system (called mobile
sources) is to estimate some “activity factor,” such as vehicle miles traveled, and multiply that factor by an emissions
rate, for example, expressed in grams per mile. At a study level, the network demand model is the tool most often
used to estimate this activity factor. For estimating emission rates, the EPA has developed or sponsored several models
that can be used to estimate such rates. As listed on the EPA’s website, these models include:

e “MOVES (MOtor Vehicle Emission Simulator) is EPA’s current official model for estimating air pollution
emissions from cars, trucks and motorcycles. In the future the model will also cover non-road emissions.

¢ NONROAD Model links to information on the NONROAD emission inventory model, which is a software
tool for predicting emissions of hydrocarbons, carbon monoxide, oxides of nitrogen, particulate matter, and
sulfur dioxides from small and large non-road vehicles, equipment, and engines.

e NMIM, or National Mobile Inventory Model, is a free, desktop computer application developed by EPA to
help develop estimates of current and future emission inventories for on-road motor vehicles and non-road
equipment. NMIM uses current versions of MOBILEG and NONROAD to calculate emission inventories,
based on multiple input scenarios that you enter into the system. One can use NMIM to calculate national,
individual state, or county inventories.

148  TRANSPORTATION PLANNING HANDBOOK



e MOBILE Model links to information on the MOBILE vehicle emission factor model, which was EPA’s
official model for estimating air pollution emissions from cars, trucks, and motorcycles until it was replaced

by MOVES.

o Fuel Effects on Vehicle Emissions links to information on test programs and modeling estimating the emis-
sions impacts of changes in fuel properties and composition. Information on how fuel effects are applied in
MOVES and NONROAD is available on the web pages for those models.

e OMEGA, the Optimization Model for Reducing Emissions of Greenhouse gases from Automobiles, estimates
the technology cost for automobile manufacturers to achieve variable fleet-wide levels of vehicle greenhouse
gas emissions.

e GEM, the Greenhouse gas Emissions Model, estimates the greenhouse gas emissions and fuel efficiency per-
formance of specific aspects of heavy-duty vehicles. This model is a means for determining compliance with

EPA’s GHG emissions standards and NHTSA’s fuel consumption standards....” [U.S. EPA, 2013]

Given the long history and seriousness of the air quality challenge in California, the state’s Air Resources Board has
developed a menu of models that are used for environmental assessment in the state. For example, the Hotspots
Analysis and Reporting Program Version 2 (HARP 2) is a software program consisting of three programs: Emissions
Inventory Module (EIM), Air Dispersion Modeling and Risk Tool (ADMRT), and Risk Assessment Standalone Tool
(RAST). The focus of this program tool is on emissions hotspots. The EIM allows users to create and manage a facility
emission inventory database and calculate facility prioritization scores. The ADMRT performs atmospheric dispersion
analyses and can calculate cancer and noncancer (acute and chronic) health impacts. The RAST calculates cancer and
non-cancer (acute, 8-hour, and chronic) health impacts using ground level concentrations, uses point estimates or data
distributions of exposure to calculate inhalation and multipathway risks, performs spatial averaging on concentrations
and risk from various pathways and receptors, calculates population exposure, and calculates cumulative impacts for
one or multiple facilities and one or multiple pollutants. [Air Resources Board, 2015]

California has developed many other emissions models that are used for California studies and often in other parts
of the United States. Interested readers are referred to Air Resource Board, “Modeling Software,” http://www.arb.ca
.gov/html/soft.htm for a detailed description of the models available.

Conformity— Conformity is defined in federal regulations as a transportation plan’s, program’s, or project’s conformity
to an SIP’s purpose of eliminating or reducing the severity and number of NAAQ violations, and expeditiously meeting
its standards. In addition, actions may not cause or contribute to new violations of air-quality standards, exacerbate
existing violations, or interfere with timely attainment or required interim emissions reductions toward attainment. A
federal conformity rule also establishes how FHWA, FTA, and the local MPO determine the conformance of highway
and transit projects.

The MPO must develop tools to identify future investments planned in a nonattainment area and describe how
these investments will assist in meeting the SIP’s requirements. Transportation planning studies are used to determine
transportation investment for corridors or subareas that could become part of an adopted plan and conforming TIP.
Two approaches are suggested for evaluating regional conformity:

o A relative comparison of emissions strategies at the corridor level could be included as part of the planning
study for NEPA purposes. While a full regional emissions model run would not be conducted for each strategy
studied, a regional model run—including design concept and scope strategy—would be made before the
plan is amended. The regional model run might cover a package of plan amendments, including not only the
project resulting from the planning study but also other plan changes. This is the preferred approach in most
planning studies.

e 'The regional emissions model could be run for each strategy in the study. Once the planning study is
completed—and assuming that one of the strategies tested is proposed for inclusion in the plan—the
regional emissions analysis would already have been done to support the conformity determination for the
plan amendment. This assumes, however, that the project emerging from the planning study is the only
amendment being made to the plan at that time.
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Figure 4-5. Average Fuel Economy for Passenger Modes
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Since planning studies do not usually include sufficient information for a detailed hot-spot analysis, it may also be
appropriate to conduct a project-level CO impact assessment of projects at typical locations. This will assess whether
any of the projects raise serious air emission concerns, such as the existence of current CO problems, or to what degree
any of the strategies will add to them. If an apparent problem arises, further analysis might be appropriate.

Planning study reports typically include an air quality section that discusses conformity in general terms and identifies
any potential problems with strategies and how to resolve them. Once a project is in development, a supplemental
hot-spot analysis is usually needed before completing the formal NEPA environmental analysis report.

Consultation—The air quality analysis methodology used in a planning study should be developed in consultation
with state and local air pollution control agencies. The consultation process should ascertain which pollutants need
to be addressed and the availability of data on existing pollutant concentrations and meteorological conditions. The
state and local air pollution control agencies and MPOs should be consulted about the relevance of the SIP to the
strategies being analyzed and the criteria for assessing conformity with the SIP.

B. Energy

Transportation vehicles have different fuel consumption rates, otherwise known as fuel economy. Figure 4-5 shows
typical average fuel economy rates for passenger modes. In the past, the energy analysis for proposed transportation
investments was typically much less sophisticated than air quality and noise analyses. Energy analyses for fixed guide-
way transit projects typically reveal no significant difference in operating energy usage among transit strategies, and
any differences found appear to have little effect on project decision making. In addition, there are very little data
on the energy requirements of transportation facility construction and operations. As a result, comprehensive energy
assessments during transit corridor studies were not generally performed.

For highway projects, fuel or energy consumption was simply estimated by determining the average fuel consumed
by vehicle type per mile traveled and then multiplying this rate by the number of expected vehicle miles traveled, as
determined from the travel-demand model.

However, this lack of sophistication may change with more complex multimodal planning studies being performed
and with increasing concerns about the cost, availability, and environmental issues associated with using various energy
sources. These concerns may give rise to a consideration of the energy consumption of different fuel types among
the strategies. Moreover, each strategy’s energy requirements could be calculated if local officials or public involve-
ment were to give transportation energy use high priority in decision making. It also seems likely that carbon-based
emissions, those that contribute to global warming, will become increasingly important to many decision makers.
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Table 4-8. Assessment of State DOT Strategic Directions Potentially Reducing Use of Energy: Lead Time and

Qualifications

Strategic Direction Lead Time | Qualifications

Strategies to sustain or increase revenues

Tolls or mileage-based user fees 5-10 years

Fuel taxes Immediate

Registration fees Immediate

Beneficiary fees 5-10 years | Best in states with strong growth
General revenue sources Immediate

Increased use of private capital 5-10 years | Best in states with strong growth
Strategies to reduce costs

Greater efficiency 5-10 years

Reduced scope of responsibility 5-10 years

Strategies to improve auto and truck travel

Road expansion 10-20 years | Best in states with strong growth
Goods movement 10-20 years | Best in states with large ports or trade corridors
Congestion pricing 1-5 years Best in states with large urban areas
ITS >20 years

Transportation system management 1-5 years Best in states with large urban areas
Trafic safety 1-5 years

Strategies to improve alternative modes

Transportation demand management 1-5 years

Public transportation 5-10 years | Best in states with large urban areas
Land use >20 years Best in states with strong growth
Strategies to promote energy efficiency and alternative fuels

Vehicle feebates 1-5 years

Carbon pricing 1-5 years

Fuel mandates and programs 1-5 years Form of mandate varies by state
Fuel production and distribution 5-10 years | Best fuel choice could vary by state
Agency energy use 5-10 years

Source: Sorenson et al., 2014

Where energy analyses are performed, they should take into account the energy required to operate and build each
investment strategy or alternative. Operating energy consumption is sensitive to many of the same variables as pol-
lutant emissions—vehicle speed, operating mode, cold starts, and vehicle type (fuel, weight). These variables should
be taken into account to get an accurate comparison between the options. Previous analyses have also considered the
supply of energy in the region, including availability of alternative fuels and other factors, such as whether existing
power plants could provide enough electrical power to operate a rail facility. Table 4-8 shows the results of a study,
Preparing State Transportation Agencies for an Uncertain Energy Future, to gauge the likely timeframe for implementing
different types of strategies to reduce energy consumption. [Sorenson et al., 2014]

The results of an energy impact analysis are normally presented in terms of the payback period for each strategy.
The payback period is the time required for the operational energy savings, if any, to offset the energy consumed in
building the facility. Planning study energy analysis could also be couched in terms of air emissions, particularly in
nonattainment areas.

C. Water Quality

Water quality might be adversely impacted by dredging, discharging fill material or otherwise introducing pollutants
into surface bodies of water, increasing runoff or altering surface drainage patterns, and affecting the water table
by dewatering or contaminating subsurface waters. Unless projects or alternatives involve any of these activities, a
water-quality assessment is not needed.
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Wastewater generated by maintenance and storage facilities contains various pollutants, which unless treated and
handled properly can be released into city storm-water systems. The environmental analysis should identify activities
associated with the strategies that generate wastewater, such as steam cleaning, vehicle washing, and pavement runoftf.
Typical bus or truck garage effluent, for example, contains concentrations of oil and grease, detergents, chemicals,
metals, and solid materials that pass into the sewer system. Storm-water runoff from parking areas and highways may
contain harmful pollutants such as lead, zinc, and cadmium as well as de-icing salts. The potential for increasing runoff
and corrective measures, such as reducing runoff or preventing pollutants from entering storm-water and groundwater
systems, should be considered in the environmental analysis.

A National Pollutant Discharge Elimination System (NPDES) permit, required under Section 402 of the Clean Water
Act, may be required if wastewater is discharged directly into the storm-water system. EPA issues NPDES permits
and sets their pretreatment effluent limits. States and localities may also have their own limits and identified specific
disposal sites. The environmental analysis should determine whether an NPDES permit is required and whether there
are other local or state pretreatment requirements and permits.

Any strategy that involves the discharge of dredged or fill materials into U.S. waters must also comply with Section
404 of the Clean Water Act (33 U.S.C. 1344). These waters include:

o All waters that are currently used, or were used in the past, or may be susceptible to use in interstate or foreign
commerce, including all waters that are subject to the ebb and flow of the tide

o All interstate waters, including interstate wetlands

o All other waters (such as interstate lakes, rivers, and streams) whose use, degradation, or destruction could
affect interstate or foreign commerce

o Tributaries of such waters
e 'The territorial sea

e Wetlands adjacent to U.S. waters.

Generally, under NEPA, the selection and use of the sites, including the criteria for evaluating the impact of the
dredged or fill material, are governed by EPA guidelines, but it is the Corps of Engineers’ responsibility to ensure
compliance with these guidelines and to issue the permits. EPA’s guidelines for “Specification of Disposal Sites
for Dredged or Fill Material,” referred to as the 404(b)(1) guidelines, describe the contents of the permit applica-
tion and the evaluation criteria (http://www.epa.gov/sites/production/files/2015-03/documents/cwa_section404b1_
guidelines_40cfr230_july2010.pdf.

Four conditions must be satisfied before a determination can be made to permit the discharge of dredged or fill
material:

e 'There can be no practicable alternative to the proposed discharge that would have a less adverse impact on
the aquatic ecosystem, as long as that alternative does not have other significant adverse impacts.

e 'The proposed discharge cannot cause or contribute to a violation of any applicable state water-quality stan-
dard; any applicable toxic effluent standard or prohibition under Section 307 of the Clean Water Act; the
Endangered Species Act of 1973; or Title III of the Marine Protection, Research, and Sanctuaries Act of 1972.

e No discharge of dredged or fill material can cause or contribute to significant degradation of U.S. waters.

e All appropriate and practicable steps must have been taken to minimize potential adverse impacts of the
discharge on the aquatic ecosystem.

The District Ofhice of the Corps of Engineers should be consulted as early as possible if it is thought that a permit
may be required. This allows the information required for compliance with Section 404 to be integrated into the
environmental planning process. Additionally, this information should be taken into account when developing the
study work program. The permit itself does not have to be, and generally cannot be, obtained prior to FHWA’s/FTA’s
approval of the formal NEPA environmental document (EA or final EIS). Generally, a planning study should focus
on information that helps distinguish among alternatives.
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These requirements need to be considered in developing, designing, and assessing the cost of alternative strategies
during a planning study. Because water-quality impacts can normally be mitigated, the magnitude of the impacts
on water quality is not usually a major factor in selecting a preferred option. The planning study does not normally
include calculations to quantify the effects on water quality, only the cost of possible mitigation measures.

D. Navigable Waterways and Coastal Zones

The Rivers and Harbors Act of 1899 (33 U.S.C. 401 et seq.) requires that the Secretary of the Army issue permits
for various activities. Section 9 of the act pertains to the construction of any dam or dike across any navigable waters
of the United States, and Section 10 pertains to construction of any structure over, excavation from, or disposal of
materials into navigable waters. Navigable waters mean those U.S. waters that are subject to the ebb and flow of the
tide shoreward to the mean high watermark and/or those waters that are presently used, have been used in the past,
or may be susceptible to use in transport for interstate or foreign commerce. Certain work performed, or structures
constructed, in navigable waters require permits pursuant to both Section 9 and Section 10 of the Rivers and Harbors
Act. A project involving dredging in navigable waters would require both a Section 10 and a Section 404 permit
because Section 404 of the Clean Water Act pertains to U.S. waters, which include more than navigable waters.

During the planning study, the need for such permits should be determined for each option. Initial consultation with
permitting agencies should occur to ascertain the specific requirements that must be satisfied if an option requiring a
permit is chosen. These requirements should be described in the environmental section of the planning study report.

The U.S. Fish and Wildlife Coordination Act (16 U.S.C. 661 et seq.) requires consultation with the Fish and Wildlife
Service (FWS) and the appropriate state wildlife agency when a project will impound, divert, channelize, or otherwise
control or modify the waters of any stream or other body of water. Generally, if a permit is required under Section 402
or 404 of the Clean Water Act or Section 9 or 10 of the Rivers and Harbors Act of 1899, the consultation requirement
will apply. Permit applications will be forwarded to FWS in later project development phases, to be reviewed according
to the “Guidelines for the Review of Fish and Wildlife Aspects of Proposals in or Affecting Navigable Waterways”
(htep://environment.thwa.dot.gov/guidebook/voll/doc17g.pdf).

Consideration should be given to preventing wildlife damage or loss, and mitigating any effects caused by a project.
If there is particular concern about these resources, it may be appropriate to send the planning study report to FWS
for its review and comment, and to include an evaluation of how the actions may affect fish and wildlife resources.
The discussion should include potential measures to minimize harm, such as features to reduce turbidity during
construction, stabilizing the shoreline with plantings suitable for use by wildlife, or compensation for habitat that
may be lost. FWS has issued a mitigation policy, which can be consulted when planning potential mitigating measures
(http://training.fws.gov/courses/csp/csp3112/resources/ Written_summaries_of_404_program/FWS_Mitigation_
Policy.doc). The results of the coordination concerning potential mitigation measures should be included in the
formal environmental document during the subsequent project development phase.

If an alternative will result in a project that directly affects the coastal zone of any state with an approved coastal
zone management (CZM) program, the environmental analysis must consider whether the alternative will be con-
sistent with the CZM plan. The Coastal Zone Management Act of 1972 (16 U.S.C. 1451 et seq.), as amended,
established a voluntary program in which most of the 35 states with coastal zones currently participate. These states
have Department of Commerce—approved plans and receive federal money and technical assistance to administer their
programs.

The state agency managing the program, called the principal 306 agency, is usually the Department of Natural
Resources or its equivalent agency. This agency should be consulted both for state procedures used to determine
consistency with the CZM plan and for its opinion on whether proposed strategies under consideration are consistent
with the state’s program. The final environmental document prepared during subsequent project development should
present the applicant’s certification that the project is (or is not) consistent with the CZM program and the views of
the state agency.

The U.S. Coastal Barrier Resources Act (16 U.S.C. 3501 et seq.) and the Coastal Barrier Improvement Act designate
a protected network of undeveloped coastal barriers located on the Atantic and Gulf coasts, called the coastal barrier
resources system. Section 5 of this act prohibits federal expenditure for construction of any facilities, structures, roads,
bridges, airports, and the like within the system. Exceptions can be made for some activities, such as the maintenance of
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existing channel improvements and related structures and the maintenance, replacement, reconstruction, or repair (not
expansion) of publicly operated roads or facilities that are essential links in a larger network or system. Consultation
with the Department of the Interior is required.

E. Climate Change and Extreme Weather

Many scientists estimate that over the next 50 to 80 years, Earth’s climate is going to change dramatically due to the
increasing levels of greenhouse gases that have entered the atmosphere and will continue to do so in the foreseeable
future. This change is expected to occur over the long term (for example, gradual increase in sea levels) and over
the shorter term (for example, more frequent and violent storms). Today, the United States has no requirement to
include climate change impacts in federally supported environmental analyses (although there are proposals to do so);
however, many other countries have such requirements, as do many state environmental laws (for example, California,
Massachusetts, and Washington).

An important distinction is made between efforts to reduce greenhouse gases, called mitigation, and efforts to prepare
for and respond to changing climatic conditions, called adaptation. As noted in a 2014 NCHRP report on climate
change, adaptation can be defined as:

Adaptation consists of actions to reduce the vulnerability of natural and human systems or to increase system resiliency

in light of expected climate change or extreme weather events.”
[Meyer et al., 2014]

Several guides and research reports are available for analyzing different aspects of both mitigation and adaptation. For
mitigation, the most comprehensive guide is Strategic Highway Research Report (SHRP) 2 Report S2-C09-RW-2,
Practitioner’s Guide to Incorporating Greenhouse Gas Emissions into the Collaborative Decision-Making Process [PB Amer-
icas et al., 2013]. For adaptation, several national and state guides are available. Some of the more comprehensive
include: [PIEVC and Engineers Canada, 2009; U.S. Army Corps of Engineers, 2011; Washington State DOT, 2014;
ICF International, 2012; FHWA, 2012a,b,c, 2013; Meyer, Choate, and Rowan, 2012; and Meyer et al., 2014].

Table 4-9 shows the types of impacts that changing climatic conditions could have on roads and highways. Note that
the expected impacts are focused not only on infrastructure design, but also on the operations and maintenance of
transportation systems. Thus, although the focus of this chapter is on planning in a sense of infrastructure provision,
some of the most important consequences of changing climatic conditions will likely be on the maintenance and
operations functions of transportation agencies. This is especially true for extreme weather events. [Meyer, Choate,

and Rowan, 2012]

It seems likely that interest in, and concern about, the impacts of climate change and weather on transportation
systems will continue to grow. Several transportation agencies and organizations are keeping track of developments
with respect to analysis tools and strategies that can be used to understand such impacts. Readers are especially referred
to the following websites that will likely provide the most up-to-date information on how climate change and extreme
weather events can be addressed by the transportation planning process.

¢ American Association of State Highway and Transportation Officials: “Transportation and Climate Change
Resource Center,” http://climatechange.transportation.org/.

 Federal Highway Administration: “Climate Change,” http://www.thwa.dot.gov/environment/climate_
change/.

¢ U.S. Global Change Research Program: http://www.globalchange.gov/.

F. Impacts on the Natural Environment

The effects of major transportation investments on natural areas can be diverse and numerous. They may involve
impacts on wetlands, floodplains, ground and surface waters, wildlife, plants, and other natural resources. Federal
laws and executive orders prescribe the requirements that apply to each of these impact areas. In addition, specific
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agencies have been given responsibilities for protecting these resources. Analysis and coordination requirements are
summarized in this section.

In a planning study, a generic process consisting of four steps is recommended for the analysis of natural areas.

1) Identify the location of natural areas (for example, floodplains, wetlands, wildlife or plant habitat, coastal
zone, natural gas field, aquifer recharge areas) that may be affected by one or more of the strategies. In many
instances, generalized boundaries of natural areas, particularly in metropolitan areas, have been mapped by
responsible state and federal agencies at a level of detail sufficient for a planning study, and it is usually a
simple matter to determine if the strategies pass through or close to them.

2) Identify the functions of the potentially affected natural areas. Functions may include flood control, aquifer
recharge, species habitat, recreation, spawning areas, pollution abatement, and visual relief.

3) Determine the likely effect of the strategies on the functions of these areas.

4) Evaluate potential mitigation options if substantial effects are expected.

The impacts of transportation strategies on natural areas depend on the ecological functions of those areas. For
example, the use of an existing transportation right-of-way through a wetland may not affect its functions. By contrast,
filling in a wetland could have a major adverse impact on its ability to support its functions and values.

Wetlands are lowland areas that are inundated or saturated by surface or ground water at a frequency that, under nor-
mal circumstances, supports a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands
generally include swamps, marshes, bogs, and similar areas. One of their functions is that they are highly productive
areas that provide habitat for many species of plants, fish, and waterfowl. Executive Order 11990, “Protection of Wet-
lands,” requires federal agencies to avoid direct or indirect support of new construction in wetlands wherever there is
a practicable alternative.

For any transportation investment that may affect a wetlands area, DOT Order 5660.1A of August 24, 1978, “Preser-
vation of the Nation’s Wetlands,” requires that an analysis be performed. Activities both upstream and downstream
can affect wetland areas and should be studied for possible impacts. FWS, the Army Corps of Engineers, and state
natural resources agencies should be contacted as soon as it is suspected that any strategies may affect a wetlands area.

The planning study should include an assessment of the effects on wetlands and associated wildlife resulting from both
the construction and operation of the options under the study. It should also include potential measures to minimize
possible adverse impacts and avoid, to the fullest extent possible, drainage, filling, or other disturbance of wetlands
and the water resources supplying them. The hydrological resources; fish and wildlife; and recreational, scientific, and
cultural uses of wetlands should be considered. Strategies that avoid new construction in wetlands should be studied,
giving consideration to environmental and economic factors. If the preferred strategy requires new construction in
wetlands, the analysis should demonstrate that there are likely no practicable alternatives to the use of the wetlands,
and that all practicable measures to minimize harm will be considered. A specific finding attesting to these criteria must
be included in a formal NEPA environmental document. This analysis should occur early in the planning process.

U.S. Executive Order 11988, “Floodplain Management,” places special importance on preservation of floodplains,
directing federal agencies to avoid conducting, allowing, or supporting actions on a floodplain. Maps of the Federal
Insurance Administration, a branch of the Federal Emergency Management Agency (FEMA), should be consulted to
determine if the proposed strategies are located within the 100-year floodplain. Flood insurance rate maps (FIRMs)
are available for review at local zoning or planning commission offices or city halls. Regional FEMA offices can be
contacted for assistance, but they do not maintain these maps. If a FIRM is not available for a particular area, a
flood-hazard boundary map should be reviewed to get an indication of whether the strategies are clearly out of the
floodplain or whether they may be located in a flood-prone area.

If any of the strategies is located within a floodplain, an initial analysis should be included in the planning study. The
analysis should discuss any risk to, or resulting from, the strategies; the impacts on natural and beneficial floodplain
values; the degree to which the strategies provide direct or indirect support for development in the floodplain; and
potential measures to minimize harm or to restore or preserve the natural and beneficial floodplain values likely affected
by the strategies.
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During the planning study, the floodplain analysis should examine whether any of the strategies entail a significant
encroachment. The planning document should explain that a floodplain finding would be required in the NEPA
or detailed design processes if any of these strategies are chosen later in the project development process. It should
also discuss any potential measures to avoid any significant encroachments or any support of incompatible floodplain
development.

G. Endangered and Threatened Species

Section 7 of the U.S. Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.) requires FHWA/FTA, in consul-
tation with FWS or the National Marine Fisheries Service (NMES), ensure that projects funded do not jeopardize
the continued existence of any listed species or result in the destruction or adverse modification of critical habitat.
During study initiation/scoping, FWS or NMFS, and appropriate state agencies, should be contacted for information
regarding any species listed (or proposed) as endangered or threatened that may be present in the study area. When
a state has a third category of protected species, those that are considered rare, these too must be taken into account.
Generally, marine species are under the jurisdiction of NMES; all other species are under the jurisdiction of FWS.
The lists of endangered and threatened wildlife and plants for FWS are contained in 50 CFR 17.11 and 17.12, with
the designated critical habitats found in 50 CFR 17.95 and 17.96, and for NMFS, in 50 CFR 222.23(a) and 227.4.

The Section 7 regulation (50 CFR Part 402) sets forth a phased process that may involve early informal or formal
consultation, depending on whether a proposed strategy may affect a listed species. Informal consultation includes all
contacts between FHWA/FTA, the planning study, and FWS or NMES that take place prior to formal consultation,
including the initial request for information on endangered species in the study area. If it is determined during the
planning that no listed species or critical habitat is in the study area, no further consultation is required. If listed
or proposed species or critical habitat may occur within the project area, a biological assessment (as defined in the
Section 7 regulations) should be conducted during the NEPA process to identify probable locations of listed species
and determine the probable impacts of the project on the species and its habitat. [Lederman and Wachs, 2014]

VII. CONSTRUCTION IMPACTS

Earlier sections of this chapter dealt with the long-term effects of proposed transportation investment strategies and
their operation. Construction impacts differ from long-term impacts in duration, type, and level of detail. Further, the
intensity of the construction impacts may be at the other end of the spectrum from long-term impacts. For example,
the immediate construction impacts of a subway line are usually quite severe, but over the long term, the system’s
operation usually has negligible adverse impacts and many beneficial effects. During construction, air quality is likely
to be degraded because of impaired traffic flows and the operation of construction equipment, which could increase
particulates (dust). At the same time, air quality could actually improve in the region during subway system operation
because of improved traffic flow and reduced congestion as some travelers choose mass transit instead of driving.

A systems-level planning study will typically discuss the construction impacts in less detail than the long-term impacts.
Detailed discussion of the construction impacts is usually contained in the formal NEPA environmental document,
which presents the results of subsequent project development work on the preferred alternative.

Construction impacts can be divided into direct and indirect impacts. Direct impacts result from the construction
itself and include air and noise pollution and temporary use of land, streets, and sidewalks. Indirect impacts during
construction usually result from temporary land takings and include traffic congestion and delays, impaired access to
buildings and civic or recreational spaces, and so forth. In many cases, especially when construction requires the closure
of major streets, the indirect impacts can be quite substantial, such as reduced access to retail businesses. Although a
detailed discussion of the construction impacts is not possible until an alternative is selected during NEPA analysis
and preliminary engineering is performed, major impacts for the various strategies can generally be identified and
should be noted in the planning study report. The differences among strategies should be highlighted.

The earlier that mitigation of potential construction impacts is considered, the easier it is to incorporate them into
the planning and project development process. During the planning study, potential mitigation strategies should be
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identified, and all feasible options should be mentioned, at least generally. Although there are usually ways to minimize
negative impacts during construction, if the construction impacts are severe, the study should mention the possibility
of not building the project. Potential mitigation strategies include alternative construction techniques, use of alter-
native construction equipment, and scheduling to minimize impacts. This might include considering restrictions on
construction activity at certain times of the day or even the year, such as during the Christmas shopping season or fish
spawning season.

VIII. CONSIDERING MITIGATION STRATEGIES DURING THE SYSTEMS
PLANNING PROCESS

The various social, economic, and environmental studies conducted during a planning study often reveal potential
adverse impacts that will need to be mitigated. However, the analyses performed during a planning study are not
normally detailed enough to evaluate fully the various potential mitigation options. It is not advisable, therefore, to
make commitments to any specific mitigation measures until more is known about their likely effectiveness. At the
systems planning level, it is sufhicient simply to identify potential impact areas, potential mitigation options (with
order of magnitude costs) for further study during preliminary engineering, and the views of the resource agencies

and the public.

The supporting technical document (results report) on social, economic, and environmental impacts, as well as the
planning study report, should clearly define those potential impacts that are expected to require mitigation. In addi-
tion, they should contain estimates of the range of costs that may be necessary to mitigate them. These costs are then
factored into the cost estimate for the strategy. The information developed here will be important to policy makers
who will have to make trade-offs in the selection of a preferred alternative during the subsequent NEPA analysis.

A. Documentation of Environmental Considerations during the Systems
Planning Process

Documenting environmental factors considered during systems planning is key to successfully linking systems plan-
ning and project development, because documentation of the results is essential to avoid the need to restudy the same
issues during subsequent NEPA efforts. While there may be no formal requirements for preparing methodology and
technical results reports for social, economic, and environmental impacts during systems planning, such documents
are often very useful in preparing the groundwork for subsequent project development efforts. A methodology report
provides a means for gaining concurrence among the study participants—particularly the environmental resource
agencies—on the key issues to be addressed; the level of detail of the analysis; and the methods, criteria, and data
to be used. The results report similarly provides a means to document the details of the analysis beyond the sum-
mary level of presentation in the planning study report. The presentation of the methods, data, and criteria used for
the planning study, and the actual results and interpretation of the findings, are invaluable for the review agencies
in later phases and will greatly aid in the review process and help in streamlining the project development process.

[FHWA, 2002]

If a methodology report on social, economic, and environmental impact assessment is being prepared, it should
identify the specific impacts to be considered and the particular parts of the study area where these impacts are
expected to be of concern. It should also explain the methods and criteria for assessing the impacts. The following
could be included, as appropriate, for each area of concern:

e An assessment of data availability and the need for further data collection, such as air quality and noise
monitoring.

e A description of the monitoring program, including monitoring sites.

e Models and/or analytic methods to be used to estimate the impacts of each strategy and of each alternative
during the NEPA analysis, as well as the variables to be considered in the analysis.

e Key assumptions.

o A list of agencies and outside experts who will be consulted as part of the analysis.
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See Amekudzi and Meyer [2005] for information on how environmental issues and factors can be considered more
fully during transportation planning.

IX. SUMMARY

Transportation planners consider many different issues and public concerns in the course of a typical planning study.
The impact of transportation on the human and natural environment is one of the most important issues from the
perspectives of legal and regulatory responsibility and public interest. Many countries have a long legislative history of
environmental protection, and major transportation projects cannot be planned and designed without seriously taking
into account likely environmental impacts and how these can be avoided or mitigated. Increasingly, environmental
concerns have taken on a broader context, with many groups—including transportation agencies—discussing things
such as environmental stewardship and sustainability.

This chapter has provided an overview of the environmental factors that can be considered in the transportation plan-
ning process. At the systems planning level, much of this consideration will be at a fairly aggregate level, primarily
because many of the specific environmental impacts will not be known until projects are in the preliminary design
phase. As a project proceeds into project development, depending on the type of project and funding sponsors, envi-
ronmental analysis and assessment requirements become much more specific. For example, what are the likely impacts
on nearby community facilities, historic properties, wetlands, water quality, noise, and the like? As was described in
this chapter, each of these impacts has its own requirements for environmental analysis and mitigation strategies. A
primary intent of considering environmental factors in the transportation planning process is to identify what types of
impacts might be considered later in the project development process, and what type of planning information would
be useful in the project-specific environmental analysis.

Environmental concerns have been part of the transportation planning process for decades. It is highly likely that they
will continue to be a major consideration in future transportation planning as well. In addition, new environmentally
related issues, such as sustainability or climate change, will likely be added to the many other factors that transportation
planners will be considering in decades to come.
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Transportation Finance and
Funding’

. INTRODUCTION

raditionally, transportation plans did not include a discussion of the financial strategies or funding needed to

implement the recommendations resulting from the study—this topic was considered to be outside of the plan-

ning process. Beginning in the 1970s, however, and especially with the requirement in the United States for
metropolitan planning organizations (MPOs) to produce a transportation improvement program (TIP), transporta-
tion plans began to devote more attention to the different sources of funding needed for program implementation.
With a declining trend of federal investment in transportation, states and metropolitan areas had to rely more on
non-federal sources of funding, including public/private partnerships and contributions from a variety of sources. In
addition, as maintenance budgets, which are wholly provided by state and local transportation agencies, increased due
to a more extensive and aging infrastructure, state and local dollars were being stretched to meet both the capital and
maintenance needs of the transportation system. Today, transportation planning is very much concerned with trans-
portation finance and funding sources. Finding the means to invest in new transportation capacity while operating
and maintaining the existing system is arguably the greatest challenge facing the transportation profession.

An important distinction needs to be made between finance and funding. Financial strategies are the mechanisms
through which money is made available for transportation investment. Funding is the source of dollars used in the
financial strategy. Thus, for example, debt financing or the borrowing of funds from the municipal bond market is a
financial strategy. Gas tax revenues or toll receipts are the usual funding sources needed to repay the loan.

For many years, motor vehicle fuel use taxes have been the backbone of highway finance in the United States. For
example, federal and state gas taxes were the primary sources of funding for building the interstate highway system and
the state road networks. However, the U.S. environment for transportation finance began to change in the 1970s. For
highways, transportation officials realized that gas tax revenues would not likely provide the level of funding necessary
to expand and maintain the highway network. Many began to explore public/private partnerships, which promoted
private investment in transportation projects. Others looked to explore other options for financing capital investment
programs that became known as “innovative transportation finance.”

For transit, the level of funding needed for the capital expansion of rail facilities was beyond the financial capability of
most municipalities, and thus many turned to the federal government for support. In response, the federal government
developed the “New Starts” program, whereby funding was provided for a portion of the capital cost of new projects.
For the local match of these federal grants and to support locally supported services, transit agencies turned to sales
tax revenues and bonding.

Today, states, metropolitan areas, and municipalities use a variety of financing strategies and funding sources to support
both the capital investment needs and operations/maintenance costs of their transportation systems.

The next section describes some key finance and funding concepts and terms that are common across most transporta-
tion planning efforts. The chapter then introduces both traditional sources of transportation funding and some that
are fairly new. This is followed by a discussion of finance strategies and the evolving nature of both public and private
investments in the transportation system. An important step in the planning process from a financial strategy per-
spective is identifying future revenues as part of the capital investment program, as discussed in the following section.
The final two sections discuss the importance of environmental justice analysis in developing an investment program,
followed by a discussion of the likely finance and funding challenges facing transportation investment in future years.

This chapter was written by Michael D. Meyer, WSP/Parsons Brinckerhoff.

Transportation Planning Handbook: Institute of Transportation Engineers, Fourth Edition, Michael D. Meyer
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Il. KEY CONCEPTS AND TERMS

Several key concepts and terms are important in understanding the substance and process of transportation investment
programming and financial analysis. In some cases, these terms are specific to transportation, while in others they are
generic terms used in all sectors. [BTS, 2014]

o Capital Expenditure. Capital expenditures include outlays for new equipment and infrastructure to improve
or enhance capacity and quality with improvements lasting more than one year.

e Discretionary Grants. Funding grants from a government agency where the selection is at the discretion of the
funding agency, usually based on proposals that describe the project’s level of impact and benefit.

e Enabling Legislation. In the United States, state governments hold constitutional power to create lower forms
of government. Every city, town, special-purpose authority, and even the federal government itself, is the
creation of the states. For example, if a metropolitan area or state DOT wants to hold a referendum on a sales
tax to be dedicated to transportation investment, it must first be “enabled” to do so by a state law.

o Financial (or Fiscal) Constraint. Limiting the amount of investment in a long-range plan or transportation
improvement program (TIP) to the level of funding reasonably expected over the life of the document, usually
20 to 25 years for plans and 4 years for TIDs.

o Formula Funds. Funding allocated to jurisdictions based on a legislatively defined formula. Formula funds
can be targeted at capital investment, rehabilitation, and operational needs.

o Impact Fees. Fees charged to developers related to the infrastructure improvements necessary for a proposed
development and related to the expected trip generation. Such fees are usually defined by local governments,
and reflect the number of trips generated per development size (for example, per acre) or density (for example,
per dwelling unit).

o Operation and Maintenance Expenditure. Recurring payments to cover the cost of administration, operation,
and normal maintenance and repair of transportation infrastructure and facilities.

e Public/Private Partnerships. Formal or informal relationships among government agencies and private entities
that spell out the responsibilities of each in financing a transportation project.

o Regionally Significant Project. A project serving regional transportation needs of significant scale to be typically
included in transportation demand modeling for air-quality emissions analysis and identified individually in
the program document.

o Risk Analysis. A systematic process to understand the nature of and deduce the level of risk associated with
a project. It provides the basis for risk evaluation and decisions about how risks are treated in a project
proposal, and feeds into the determination of value for money on a project being considered as a public/private
partnership procurement.

o Transportation Improvement Program (TIP). A capital program listing the committed investments in a
metropolitan area (or a STIP for a state) over a specified period of time, usually 4 or 5 years. In other
countries, this is often called a capital improvement plan or a capital investment plan.

o TIP Amendment. Any change to a regionally significant project, including an addition or deletion; major
changes to cost, initiation dates, or design concepts or scopes; a major change to a program fund amount;

and the addition of a year into the S/TIP.

o Trust Fund. An account established by law in a treasury department to hold tax receipts and earmarked for
defined projects and/or programs.

o Unconstrained Needs. The level of funding needed for transportation improvements and associated operations,
maintenance, and rehabilitation that require funding above and beyond assumed revenues. These needs are
identified through the planning process.

o User Charge or Fee. A cost assigned to users of a good or service reflecting the use of that service. User
charges, either direct or indirect, are collected on a periodic or occasional basis in the form of license fees and
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excises, and usually paid at the time infrastructure services are consumed, as with the payment of fuel taxes
and tolls.

o Year-of-Expenditure (YOE) Revenues or Costs. Dollar values that have been escalated to the year that dollars are
expended or generated, based on escalation factors appropriate for specific revenue sources. These estimates
are needed to make sure that future revenues are adequate to cover expected costs when they occur.

lll. SOURCES OF TRANSPORTATION FUNDING

Transportation funding comes from many different sources. Revenues can come from a federal/national government,
state/provincial government, local, and municipal governments, private funds, and a whole host of other agencies and
organizations that choose to invest in the transportation system. For example, the Puget Sound Regional Council
(PSRC), the metropolitan planning organization (MPO) for the Seattle metropolitan area, lists 31 different sources
of funding for the region’s transportation system. [PSRC, undated] The PSRC’s long-range transportation plan also
lays out the challenge facing many metropolitan areas today:

“It is critically important that the region deliberately moves forward in developing new ways to pay for transportation
projects and programs. Limited public financial capacity for transportation infrastructure investment has encouraged
transportation professionals and regional policy makers to discuss the potential benefits associated with reforming the
way society pays for and finances transportation. The future of the fuel tax as a road finance approach is limited.
Advances in vehicle technology and the erosion of purchasing power due to inflation have demonstrated the need to
find other ways to pay for transportation investments. Business leaders, national experts, and state legislators are all
coming to similar conclusions—traditional tax-based financing measures will not, by themselves, be sufficient to meet
the region’s transportation investment needs.”
[PSRC, 2014]

Figure 5-1 shows in general terms the types of revenue sources available for transportation purposes. As shown, rev-
enue can come from dedicated transportation sources such as gas taxes or fees and nontransportation sources such as
property and sales taxes. Figure 5-2 shows typical transportation expenditures.

It is noteworthy that the United States is one of the few nations with a revenue source dedicated to transportation

in the form of the motor fuel tax. In other countries, transportation investment is part of the general budget for the
country, state/province, or municipality and thus competes with other demands for budgetary resources. Experience

Figure 5-1. Sources of Transportation Revenues, United States

Transportation Revenue Sources Non-Transportation Revenue Sources
Taxes General fund appropriations
Charges or fees Property taxes
Investment income General sales tax
Fines and penalties Income taxes
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Source: BTS, 2014
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Figure 5-2. Typical Transportation Expenditures, United States
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has shown that transportation investment in such an environment often becomes embroiled in the politics of the
budgetary process, more so than usual.

The following paragraphs describe some of the major sources of transportation funds used today in the United States
as part of a typical investment program.

A. Motor Fuel and Excise Taxes

In the United States, motor fuel taxes are the primary source of funds for transportation investment. This falls within a
more general category of user fees, in that those who use the system (for example, by using the highway network) pay
for its use (for example, through motor fuel taxes). The use of motor fuel taxes began in earnest when the interstate
highway system was approved in the mid-1950s. Two federal laws were passed, one to authorize the construction of
an interstate highway system and the second to pay a federal share of this system with revenues collected from a federal
gas tax. The gas tax receipts were to be deposited in the U.S. Treasury in a special account called the Highway Trust
Fund, and these funds were to be dedicated to the construction of the system on a partial state and partial federal
cost distribution. The maintenance and operations of that system were the responsibility of the states. Although a
few states had used motor fuel taxes for road investment prior to the federal legislation, many more now established
their own state highway trust funds for the deposit of their state gas tax receipts. In most cases, the state constitution
limited the use of these trust funds to highway construction; the funds could not be used for investment in other
modes. Some states have changed these restrictions, and others have developed yet another trust fund for investment
in any mode of transportation.

Some states have also established other restrictions on the use of their trust fund dollars. For example, the Michigan
Transportation Fund (MTF) is the primary means of distributing state transportation revenues in Michigan, with the
two main sources of MTF funding being state motor fuel taxes and vehicle registration fees. [MDOT, 2014] By law,
after miscellaneous transfers and deductions of funds, the funds that remain are distributed to the Michigan DOT
(39.1 percent), counties (39.1 percent), and cities and villages (21.8 percent). The state constitution also provides
that not more than 10 percent of motor fuel taxes and vehicle registration fees may be used for public transportation
programs and must be placed in what is called the Comprehensive Transportation Fund (CTF). For the CTF, motor
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Table 5-1. Federal Motor Fuel Tax Rates, 2015, United States

Distribution of Tax
Type of Excise Tax Tax Rate (cents) Highway Account | Mass Transit Account
Gasoline! 18.3 per gallon 84% 16%
Diesel! 24.3 per gallon 88% 12%
Gasohol 2 18.3 per gallon 84% 16%
Liquefied petroleum gas | 13.6 per gallon 84% 16%
Liquefied natural gas 11.9 per gallon 84% 16%
M85 (from natural gas)' | 9.15 per gallon 84% 16%
Compressed natural gas | 48.54 per thousand cubic feet 80% 20%

'In addition to these rates, a 0.1-cent per gallon tax is levied and deposited in the Leaking Underground
Storage Tank Trust Fund.

2Other rates apply to gasohol blends containing less than 10 percent ethanol or blends made with methanol.
Source: AASHTO, 2015¢, Reprinted with permission of AASHTO.

vehicle—related sales tax revenue is also deposited in the trust fund, but not more than 25 percent of the state general
sales tax on motor vehicle—related products can be used for comprehensive transportation purposes. This is an example
of how different sources of funding—for example, motor fuel taxes, registration taxes, and sales taxes—can be com-
bined legislatively into programmatic support for transportation investment with legislatively imposed constraints on
their use.

Table 5-1 shows the current federal motor fuel tax structure in the United States for different fuel types. The website
of the American Association of State Highway and Transportation Officials (AASHTO) [2015a] lists all of the state
gas taxes.

Federal and state gas tax revenues support different funding programs where the funds are dispensed to achieve specific
program goals, such as safety, economic development, congestion relief, air quality improvement, and the like. There
are too many of these programs to list here, but the U.S. DOT websites and most state transportation improvement
programs list the different programs that are supported with motor vehicle—related taxes and fees. See [American
Road and Transportation Builders Association, undated; North Central Texas Council of Governments (NCTCOG),
2013; and National Surface Transportation Infrastructure Financing Commission, 2009], for descriptions of federal
funding programs.

B. Vehicle Miles Traveled (VMT) Fees or Mileage-Based User Fees

One of the deficiencies of motor fuel taxes (from a transportation funding perspective) is that as vehicles become
more fuel efficient or even operate without petroleum-based fuel (for example, electric vehicles), the consumption of
motor fuel will decline, taking motor fuel tax revenue with it. However, at least in the foreseeable future, such vehicles
will still need to use the highway infrastructure, thus contributing to the rehabilitation and maintenance needs of the
system. One way of ensuring every motorist pays his or her fair share is to charge vehicles for the use of the highway
network, most often defined as a VMT fee. As noted by FHWA, “as opposed to tolls, which are facility-specific and
not necessarily levied strictly on a per-mile basis, these fees are based on the distance driven on a defined network
of roadways.” [FHWA, undated] The general idea is that global positioning system (GPS) technology or some other
means would be used to identify how far a vehicle has been driven since the last fuel or energy “fill up.” The owner of
the vehicle would then be charged for the level of use of the road network. This concept has been piloted in Oregon
and in other countries, especially for heavy-duty trucks.

One of the key issues with adopting this approach has been the perception by some that it relies too much on
technologies that monitor travel, thus potentially infringing on personal freedom. However, with vehicles becom-
ing more fuel efficient while at the same time the demand for transportation funding increases, it seems likely that
some form of distance-based tax or fee will be one of the ways of raising the necessary investment dollars. The reader is
referred to the FHWA website on innovative finance [FHWA, undated] and the Oregon DOT website OReGO,
http://www.myorego.org/. Agrawal et al. [2016] provide a good overview of public perceptions of vehicle miles
traveled fees.
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C. Tolls

Tolls are not new to the United States or to other countries. Even in colonial times, toll roads in the now United States
were a very common way of supporting the expansion of the road network. In the mid-twentieth century, many states
turned to toll roads (turnpikes) to fund the expansion of the long-distance road network in their state. However,
with the advent of the interstate highway network in the mid-1950s, interest in toll roads faded. Over the past 20
years, toll roads have made a comeback simply because of the declining level of funding available to state DOTs
to expand the highway network. [AASHTO, 2015b] In particular, highway-oriented public/private partnerships,
discussed in the next section, depend on a source of funding to pay the concessionaire for the road capital outlays and
operations/maintenance costs. In almost every case, the source of funding is toll revenues.

As of 2013, 42 states, the District of Columbia, and Puerto Rico had some form of tolling authorization or facility; 28
states and Puerto Rico had toll facilities operated by statewide entities; 14 states had toll facilities operated by regional
entities; 20 states and Puerto Rico had privately operated toll facilities; and 9 states and the District of Columbia
authorized tolling, but had no state or regional toll facilities. [FHWA, 2013]

Tolls have been used in many different ways over the past decade. For example, the concept of managed lanes has
been implemented in many cities of the world, with the number of projects increasing in recent years, usually with
electronic toll collection. The added element to managed lanes is that not only can electronic tolling raise revenues
for the transportation agency, but the prices for use of the lane can be varied by time of day and vehicle occupancy
to encourage alternative mode use or driving during less congested times. There are several different versions of the
managed lane concept:

1. High-Occupancy Toll (HOT) Lanes

In this managed lane concept, single occupant vehicles can use the managed lane during peak periods for a price that
often varies by the level of congestion in the lane. The more congested the lane, the higher the price. The driver is
thus trading off faster travel times versus higher costs. A major criticism of this concept is that it favors those who can
afford to pay the cost of a fast trip, leaving those who cannot relegated to the congested lanes. Studies have shown,
however, that in numerous HOT lane operations, many of the users are in fact lower-income drivers who want to
arrive at work or some other destination on time. Many metropolitan areas such as Atlanta, Dallas, San Francisco,
Seattle, and Washington, DC, are investing heavily in managed lane capacity for their freeway system.

Some examples of HOT lane projects in the United States include:

* SR 91 Express Lanes (Orange County, California).
o I-15 FasTrak (San Diego, California).

o Katy I-10 QuickRide (Houston, Texas).

e 1-25 HOT Lanes (Denver, Colorado).

e 1-394 MNPASS (Minneapolis, Minnesota).

e 1-85 (I-75 under construction) (Atlanta, Georgia).

¢ SR 167 (Seattle, Washington).

One of the key decisions with high-occupancy toll lanes is whether to use a flat rate for the lane use charge, or a
dynamic pricing scheme whereby the price varies by usage. Table 5-2 shows an analysis from Seattle on how revenues
and speeds would vary with different pricing schemes. Note that the biggest difference is total revenue and revenue
generated per vehicle miles traveled (VMT).

2. Express Toll Lanes

As with HOT lanes, express toll lanes are situated next to regular highway lanes. The difference from the HOT lane
concept is that with an express toll lane all personal automobiles using them pay a toll—there are no exceptions made
for high-occupancy vehicles (HOV), thus reducing the revenue loss potential due to violations. However, transit
vehicles and/or registered vanpools would usually be allowed to operate for free. While these lanes typically represent
added highway capacity, existing toll-free lanes also could be converted to toll lanes. Express toll lanes also could be

170 » TRANSPORTATION PLANNING HANDBOOK



Table 5-2. Estimated HOT Lane Performance under Dynamic and Static Pricing Schemes, Seattle

Scheme | Performance Category 6:00 AM. | 7:00 A.M. | 8:00A.M.
Dynamic | Total revenue per hour $1,123,521 $821,921 $518,524
Revenue per VMT $6.54 $4.49 $3.36
Total travel time cost per hour $7,255,610 | $5,596,997 | $3,831,644
Travel time cost per VMT $3.77 $2.71 $1.97
Average HOT lane speed (mph) 60.01 60.01 60.08
Average general purpose lane speed (mph) 38.4 34.3 37.8
Static Total revenue per hour $368,092 $503,497 $311,984
Revenue per VMT $2.52 $3.22 $2.11
Travel time cost per hour $2,993,879 | $3,813,598 | $2,680,838
Travel time cost per VMT $1.55 $1.85 $1.38
Average HOT lane speed (mph) 60.14 60.08 60.14
Average general purpose lane speed (mph) 39.3 35.1 38.9

Source: PSRC, 2014

located adjacent to traditional toll roads, but employ variable pricing (based on time of day and/or congestion levels)
to maintain free-flowing traffic.

3.  Truck-Only Toll (TOT) Lanes

Truck-only toll (TOT) lanes are similar in concept to HOT lanes, but are dedicated to commercial vehicles. Most
proposals have the lanes next to regular freeway lanes, but separated with some form of barrier. TOT lanes have been
studied in Los Angeles on two freeways heavily utilized by trucks accessing the Ports of Los Angeles and Long Beach.
The preliminary Los Angeles region studies found that urban TOT lane facilities might not be desirable because of the
predominance of short truck trips, limited travel time savings during off-peak periods, and significant construction
costs and geometric constraints related to adding lanes in an urban environment. In addition, one could expect
opposition from the trucking industry, whose position is often that they have already paid for the roads through gas
taxes (see Table 5-1). The often large costs associated with providing such a lane, especially in an urban environment,
are also financially challenging to most DOTs. A public/private financing partnership for such a lane only works if all
trucks use the lane, thus possibly encountering industry opposition.

D. Cordon or Area Pricing, and Parking Charges

Cordon or area pricing is a relatively new concept, although one of the earliest applications in Singapore started in
the mid-1970s. The basic concept is that vehicles are charged a fee to enter a highly congested area. The concept
was implemented in central London in 2003 where a flat toll of £8 is charged to enter or drive within the tolled area
during normal business hours. Tolls could be paid over the phone or via the internet. Enforcement occurs via numerous
cameras located throughout the zone. The success of the London scheme has been attributed to improvements made
to the public transportation system prior to implementation, where the revenues generated by the pricing scheme
have gone to support this new service. In other words, a reasonable alternative to auto use had to be in place before
the pricing scheme occurred.

A similar concept was implemented in Stockholm, and smaller implementations have been tried in Durham (UK)
and Rome. Cities that are considering some form of pricing to access targeted zones during congested hours include
Los Angeles, San Francisco, Bogota (Colombia), and Santiago (Chile). New York City was considering a congestion
charging scheme as part of a federal demonstration program, but political considerations stopped the initiative before
it could start.

Parking pricing is another policy tool that can help reduce road congestion. It is generally much easier to implement a
parking pricing strategy than to apply area-wide toll strategies, but parking pricing faces political challenges common
to most proposals that increase the cost of travel. In addition, pricing may only influence the driving behavior of a small
group of employees, in that many employers subsidize employee parking. Other aspects that need to be considered
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are the likely effects of parking pricing on business attractiveness and the cost equity implications to those using the
parking spaces.

Parking pricing strategies have been implemented in the following cities to discourage parking in central business
districts (CBDs):

e Boston—A parking freeze in downtown Boston and two other neighborhoods limits the growth in the supply
of off-street parking. A Resident Permit Parking Program restricts unmetered, on-street parking to CBD
residents.

o California Cities in Air Quality Nonattainment Areas—A parking “cash out” program provides employees the
option of receiving either a free parking space or a cash payment equal to the value of that space.

o Canada, Sweden, and Australia—Employer-provided parking is treated as a taxable fringe benefit (this applies
to all cities in these countries).

o San Francisco—A 25 percent ad valorem tax has been imposed on all commerecial, off-street, and nonresidential
parking transactions.

o Washington, DC—Government employees are required to pay for parking that formerly was free.

See chapter 14 on travel demand management for other examples of programs designed to influence demand, and to
raise funds in the process.

E. Value Capture

This funding mechanism takes advantage of increasing land values that often accompany new transportation accessi-
bility to land, whether highways or transit. In other words, those who benefit from public investment can be charged
for these benefits (a similar argument is used for the motor fuel tax). The term “value capture” means recouping some of
this value to help pay for the transportation (or other) investments necessary as a precursor to the development. Vadali
[2014] examined the effectiveness of many different ways of doing this and began by identifying the following tools.

o Impact Fees—One-time charges collected by local governments from developers to finance new infrastructure
and services associated with the new development. Usually codified in local ordinances that link the level of
development impact (for example, number of dwelling units or square feet) to the size of fee.

o Special Assessment District—An additional fee assessed on properties near a new highway or transit facility that
is expected to benefit from such proximity. Typically, a vote of the district is needed for fees to be applied to
an improvement. In addition, the revenues raised must be targeted to improvements in the district.

o Sales Tax Distric—Similar in concept to a special assessment district, the sales tax district requires those
benefiting from a transportation investment to pay a limited sales tax instead of a property tax.

o Negotiated Exaction—A negotiated, one-time charge similar to impact fees, but not determined a priori by a
formula or impact ratios. Exactions can take the form of in-kind contributions to local road networks, parks,
or other public goods as a condition of development approval, or they can be requested in the form of in-lieu
fees.

o Air Rights—A form of joint development in which development rights above or below highway or transit
facilities are used to generate and capture an incremental increase in land value.

o Joint Development—Development of a transit facility and adjacent private real estate whereby a private partner
either provides the facility or makes a financial contribution to offset its construction costs.

o Land Value Tax—A tax imposed on the value of land benefiting from transportation infrastructure.

o Tax Increment Financing—A mechanism allocating any increase in total property tax revenues accruing from
new access to improvements in a designated district.

o Transportation Utility Fees—Utility fees assessed on the basis of characteristics of travel demand, such as trafhc
volumes.
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Table 5-3. Applicability of Value Capture Mechanisms to Transportation

Tool

Conceptual Basis and Benefit or Levy

Basis Applicable Purpose

Impact Fees

New development to pay for facility use.
One-time developer charges when permits are issued.

Levied before and after an improvement.

Cost recovery

Special Assessment District

Local benefit accruing to all property due to transport
access.

Annually levied property owner charges in the service area
before and after an improvement.

Capture of project
expansion benefits

Sales Tax District

Local benefit accruing to all property due to transport
access.

Annually levied sales in the service area before and after an
improvement.

Capture of project
expansion benefits

Negotiated Exaction

One-time ad hoc developer agreements before or after the
improvement (discontinuous spot treatment).

Capturing opportunity for
value creation and cost
recovery

Air Rights

Air space utilization above, below, under, and nearby/
adjacent highway right-of-way for public and private
benefit via transfer of rights and joint development.

One-time developer-related opportunity typically after an
improvement (on-site developments—discontinuous spot
treatment).

Capturing opportunity for
value creation and cost
sharing and revenue sharing
with private sector

Joint Development

Public and private partnership in relation to land (works
with air rights or by itself).

One-time developer-related opportunity typically after an
improvement (on- and off-site developments).

Capturing opportunity for
value creation and cost
sharing and revenue sharing
with private sector

Land Value Tax

Land value capitalization due to access, incentivize
development.

Annually levied property owner changes before and after
an improvement—taxes on value of land and a separate tax
on value of buildings.

Capture of project
expansion benefits

Tax Increment Financing

Increment in property values due to capitalization of access
and amenity values. Annually levied property owner
charges before and after an improvement.

Capture of project
expansion benefits

Transportation Utility Fees

Public good nature of transport. Annually levied property
owner charges before and after an improvement. This
charge has been used only for defraying operating expenses
as opposed to capital costs of projects.

Cost recovery—operating
and maintenance costs

Source: Vadali, 2014, Reproduced with permission of the Transportation Research Board.

Table 5-3 shows the conceptual basis for each of these tools and the reason for its application.

Each of these tools has received considerable attention in the literature. It is beyond the scope of this chapter to
repeat that analysis here. For useful references, see American Planning Association, 2015; Dye and Merriman, 2006;
MacCleery and Peterson, 2012; Municipal Services Research Center (MSRC), 2015; Reconnecting America, 2015;
Thomas, 2014; and Vadali, 2014.

F. Other Taxes

A variety of other taxes are used to support transportation investment, especially at the local level. California is using a
carbon-based tax to raise revenues for some transportation projects. Other common sources of transportation-related
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Figure 5-3. Percent of Transit Capital Program Coming from Local Sources,
Selected U.S. Cities
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tax revenues include: vehicle license/registration fees, weight fees/taxes, fines and forfeitures, property leases and air
rights, advertising (for transit, mainly), and development agreements. Figure 5-3 shows how important local revenues
can be for transportation investment. This figure comes from the Delaware Valley Regional Planning Commission
(DVRPC), the MPO for the Philadelphia metropolitan area, and was created to illustrate the disparity between
Philadelphia’s support for transit and peer areas. [DVRPC, 2013] As shown, local support for transit in many U.S.
cities varies significantly across the peer systems, but in many it is a significant portion of total investment in the
transit system.

Over the past two decades, many metropolitan areas and cities have come to rely on the generation of local tax
revenues to support transportation investment. This reliance is a major difference from the 1960s and 1970s where
federal and state funding was by far the major contributor to the investment program. [Goldman and Wachs, 2003]
The sources for local funding for transportation include: local motor fuel taxes, local motor vehicle registration fees,
local option sales taxes, local income/payroll/employer taxes, local severance taxes, value capture, tolls, and fares.
[AASHTO, 2015d] Some of these funding sources have been described earlier and thus will not be repeated here.

Sales tax revenues, however, deserve some attention.

Local Option Sales Tax—This tax has become a common strategy for raising funds for transportation. There are several
reasons for this:

e A sales tax produces high revenue for a low marginal tax rate, although it is susceptible to retail sales declines
during recessions.

o It has a favorable public perception because individuals of comparable means pay similar amounts of
tax—despite its being regressive.

e It is considered fair from a modal perspective whereby, for example, bike/pedestrian and transit projects can
be funded by users who pay the sales tax, which is not the case when it is funded with motor fuel tax revenues.

* Sales tax expenditures are a better reflection of ability to pay than is income or wealth.

e A sales tax is an attractive way to exact revenue from nonresident users of local transportation facilities.

[Goldman and Wachs, 2003]

The importance of the sales tax for both transit capital and operations/maintenance support is shown in Table 5-4.
The data are from the National Transit Database (NTD) and report the funding statistics as of 2009, the last year
this type of data was collected by NTD. As shown, the sales tax is by far the largest contributor to transit capital and
operations/maintenance revenues.
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Table 5-4. Sales Tax Revenue Contributions to Transit

Capital and Operations, United States, 2009

Source Amount ($2009)
Capital Investments Percent of Capital
Gas Tax $38,017,00 1.5%
Income Tax $15,775,000 0.7%
Property Tax | $135,782,000 5.9%
Sales Tax $2,009,438,000 83.7%
Other $201,796,000 8.2%
Total $2,400,808,000 100%
Operations/Maintenance Percent of O&M
Gas Tax $158,956,000 2.4%
Income Tax $81,238,000 1.2%
Property Tax | $717,386,000 10.7%
Sales Tax $5,294,354,000 78.8%
Other $463,822,000 6.9%
Total $6,715,756,000 100%

Source: Federal Transit Administration (FTA), 2010

Sales taxes, almost always subject to public referenda as enabled by state legislation, will vary from one locale to
another. For example, in some cases, the referendum raises revenues for both highway and transit investment. In
others, it focuses only on transit projects or only on road projects. In most referenda, a simple majority (50% plus 1)
determines the outcome. In California, local tax referenda for specific projects typically require a two-thirds majority.
Increases in general taxes, as well as statewide bond measures, require a simple (50%) majority. Yet, even in California,
most of the referenda pass. In 2005-2006, the California Legislative Analyst’s Office estimated that of the $9.4 billion
in local transportation revenue, about one-third, $3.1 billion, came from local option sales taxes. Local revenue was
nearly half of the $20 billion spent on transportation in California that year. [AASHTO, 2015d]

It seems likely that with declining federal transportation revenues, metropolitan areas and cities will continue to rely
on sales tax revenues for their investment needs.

IV. TRANSPORTATION FINANCE STRATEGIES

The term “financial strategy” is often used to denote two concepts in transportation. First, it is considered the mech-
anism by which funds are made available for transportation investment. Second, it is also the term used to describe
the combination of different funding sources that together represent the investment strategy for a region or state.
Table 5-5 shows a typical representation of the latter. This financial strategy, the level of funding that is expected
to be available in the San Diego metropolitan area from 2010 to 2050, includes a wide range of funding sources.
[San Diego Association of Governments (SANDAG), 2011] As shown, the funding sources include revenues from
local, state, and federal governments. In addition, there are the more traditional sources of funds, such as gas taxes and
transit fares. There are funds from local sales tax referenda, called TransNet, as well as San Diego’s share of statewide
tax referenda (for example, Propositions 1A and 1B). There are funds from nontraditional sources such as impact fees
and public/private partnerships. Finally, there are revenues from bonds (for example, TransNet bond proceeds).

The San Diego example is most likely one of the more complex financial strategies found in the United States, given
the myriad of funding sources; however, it does illustrate how different sources of funds can be packaged to develop
an overall financial strategy for a region. Another unusual aspect of this example is that the financial strategy spans
40 years, a longer time span than most financial plans. More common to other metropolitan areas is that by far the
majority of funding comes from local sources (see Figure 5-4).

Most of the innovation in transportation investment planning over the past 20 years has come in the many different
financing strategies being used around the world. Usually described under the umbrella of “innovative transportation
finance,” new mechanisms and tools are now available for investment in the transportation system (see, for example,

[Krameretal., 2015; CPCS etal., 2015; and FHWA, Project Finance, undated]. As noted by the FHWA, the innovative

nature of today’s finance is that it: (1) enables new ways for existing revenue to be used to finance highways and transit,
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Table 5-5. Major Revenue Sources/Revenue Constrained Scenario, San Diego

Revenue Sources Estimated Revenues (in millions of

Year of Expenditure [YOE] dollars)

Local FY FY FY FY FY
2010-2020 | 2021-2030 | 2031-2040 | 2041-2050 | 2010-2050
TransNet $2,997 $4,593 $7,002 $10,656 $25,248
TransNet (Bond Proceeds) $2,849 $2,178 $1,259 0 $6,286
Developer Impact Fees $292 $342 $376 $427 $1,437
Transportation Development Act (TDA)! $1,457 $2,233 $3,405 $5,181 $12,276
City/County Local Gas Taxes $1,190 $1,321 $1,649 $2,084 $6,244
General Fund/Miscellaneous Local Road Funds $5,194 $6,435 $8,648 $11,622 $31,899
Future Local Revenues $793 $2,296 $3,501 $5,328 $11,918
Toll Road/POE Funding (SR 11, Otay Mesa $1,197 $79 $0 $4,591 $5,867
East POE, SR 125, SR 241, 1-5, I-15)
Public Private Partnerships/TODs $340 $264 $470 $144 $1,218
FasTrak® Net Revenues? $18 $87 $176 $301 $582
Passenger Fares $1,398 $2,371 $4,530 $6,642 $14,941
Prior Year Funds in RTIP $707 $0 $0 $0 $707
Subtotal $18,432 $22,199 $31,016 $46,976 $118,623
State
State Transportation Improvement Program $624 $1,380 $2,231 $3,611 $7,846
(STIP)/Trafhic Congestion Relief Program
(TCRP)
Proposition 42 (Local Street and Road) $506 $573 $708 $873 $2,660
State Transit Assistance (STA) Program $153 $324 $435 $584 $1,496
State Highway Account for $2,168 $3,208 $5,176 $8,367 $18,919
Operations/Maintenance
Proposition 1B/1A/Other $1,287 $2,614 $2,853 $2,894 $9,648
Other State Managed Federal Programs/FSP $229 $244 $388 $618 $1,479
High-Speed Rail $0 $0 $0 $16,644 $16,644
Prior Year Funds in RTTP $561 $0 $0 $0 $561
Subtotal $5,528 $8,343 $11,791 $33,591 $59,253
Federal
Federal Transit Administration (FTA) $906 $1,108 $2,533 $3,382 $7,929
Discretionary
Federal Transit Administration Formula $1,122 $1,882 $3,675 $6,661 $13,340
Congestion Mitigation and Air Quality $819 $1,216 $1,980 $3,225 $7,240
(CMAQ)/Regional Surface Transportation
Program (RSTP)
Other Federal Highway Administration $259 $301 $490 $798 $1,848
(FHWA)
Federal Railroad Administration (FRA) $312 $367 $470 $602 $1,751
Discretionary
Corridors and Borders Infrastructure/Other $328 $560 $867 $1,351 $3,106
Freight Funds
Prior Year Funds in RTIP $736 $0 $0 $0 $736
Subtotal $4,482 $5,434 $10,015 $16,019 $35,950
Grand Total Revenue Sources $28,442 $35,976 $52,822 $96,586 $213,826

"Revenues come from general retail sales tax.

2Revenues come from tolls.

Source: SANDAG, 2011, Reproduced with permission of SANDAG.
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(2) utilizes financing mechanisms such as debt finance, (3) utilizes fund
management techniques, and (4) establishes new institutional arrangements.
[FHWA, Project Finance, undated] Figure 5-5 shows some of the tools that
can be used, especially in conjunction with federal funding programs, to cap-
italize a transportation project. Notice that many of the tools relate to debt
financing and public/private partnerships. Public/private partnerships are so
important to today’s transportation financial picture that they are discussed
separately in the section that follows.

Some of the other financing strategies being used more regularly by
transportation ofhicials include debt financing and advance construction.

Many states use debt financing as a source of funds where the state constitution
allows it. Debt financing is very similar to a homeowner’s mortgage policy.
The government borrows money from the municipal bond market at very low

Figure 5-4. Major Revenue Sources,
San Diego Financial Strategy, 2010-
2050

Federal
17%
State Local
28% 55%

Source: SANDAG, 2011, Reproduced
with permission of SANDAG.

interest rates, and then has to pay back the principal with interest over a set number of years. The advantage of debt
financing (sometimes called bonding) is that governments can close large investment gaps with the influx of capital
funds, or for similar reasons accelerate the construction of a capital program. In the case of megaprojects, those costing
$1 billion or more, debt financing is often the only way a government agency can construct the project, given that
there is very little likelihood that $1 billion is available in the short term for the project.

The major disadvantage is that the principal and interest have to be paid back over many years. Some states that have
heavily invested in bond financing have found themselves many years later allocating a large percentage of their yearly
gas tax revenues to paying off the debt, leaving themselves unable to handle other transportation problems that have
occurred since the debt was incurred. Accordingly, governments often establish criteria that dictate how much debt

the state or city can sustain. Some of the common benchmarks include:

e Debt per capita.

e Debrt as a percent of personal income.

e Debt as a percent of taxable property.

e Ratio of debt service expenditures to total revenues.
 Ratio of debt service expenditures to all expenditures.

e Debt service coverage by pledged revenues. [Henkin, 2009]

Figure 5-5. Federal Project Finance Tools, United States
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The key to a successful debt financing strategy is establishing a stable revenue source(s) to pay back the principal and
interest. A variety of ways have been developed to do this both for direct borrowing by the government agency and for
paying private investors for their borrowing of funds to construct a project. [Henkin, 2009]

o Availability Payments and Performance Payments—Public agencies compensating private companies or con-
sortia for their project development and operations activities with annual availability payments that depend
on facility performance and availability. Frequently, the public agencies first offer milestone payments when
construction is complete and then offer annual payments for each period that the facility is available at a
specified performance level.

o Certificates of Participation (COPs)—Tax-exempt bonds issued by states usually secured with revenue from
an identified source. COPs enable governments to finance capital projects without technically issuing
long-term debt.

o Federal Credit Assistance—Federal credit, provided through the Transportation Infrastructure Financing and
Innovation Act (TIFIA) program and the Railroad Rehabilitation Infrastructure Financing (RRIF) program,
providing direct loans (often on a subordinate basis with flexible repayment terms) and other finance assistance
to large-scale transportation projects with identified revenue streams.

o Grant Anticipation Borrowing—The ability to securitize anticipated federal or state grant proceeds to generate
funds for capital outlays. These debt obligations, commonly known as Grant Anticipation Revenue Vehicle
(GARVEE) bonds for highways and GANs (grant anticipation notes) for transit, allow debt to be issued

without necessarily pledging the credit of the issuer.

e Private Activity Bonds (PABs)—Allowing private entities to take advantage of the government ability to issue
tax-exempt debt based on the investment purpose of the bond proceeds, but subject to a series of limitations.

o Shadow Tolls—Public agencies paying a fee to a private concessionaire for each vehicle that uses a facility.
This approach provides incentives to the concessionaire for prompt and on-budget completion and quality
performance. Because shadow tolls are not based on user fees, the public agency will need a source of revenue
for payments.

o State Infrastructure Banks (SIBs) and Other Revolving Loan Funds (RLFs)—A lending organization capitalized
(funded initially) with federal grants and state matching funds. Loans from contributed funds can be lent
to projects at low interest rates and with favorable terms, with repayments being recycled into subsequent
rounds of loans.

o Tax Anticipation Notes—Short-term municipal bonds issued in anticipation of future revenues generated from
the project. These are sometimes referred to as revenue anticipation notes.

Another strategy being used by state DOTs is advance construction. This allows a state or local agency to initiate
a project using nonfederal funds while preserving the eligibility for future federal aid. Eligibility means the FHWA
has determined that the project listed in the STIP technically qualifies for federal aid; however, no present or future
federal funds are committed to the project. After an advance construction project is authorized, it may be converted
to regular federal aid funding, provided that federal funds are available.

Much of what is considered innovative finance has focused on public/private partnerships, also known as P3s. Because
of their importance to innovative finance strategies, the next section focuses on different types of P3 strategies and
their potential.

V. PUBLIC/PRIVATE PARTNERSHIPS
The U.S. DOT defines a public/private partnership in the following manner:

A public-private partnership is a contractual agreement formed between public and private sector partners that allows
more private sector participation than is traditional. The agreements usually involve a government agency contracting
with a private company to renovate, construct, operate, maintain, and/or manage a facility or system. While the public
sector usually retains ownership in the facility or system, the private party will be given additional decision rights in

determining how the project or task will be completed.”
[USDOT; 2004]
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Figure 5-6. Project Delivery Models along a Continuum of Private Sector
Involvement
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P3s differ from traditional public project development in that a private entity or consortium is responsible for more
than one phase of the development process. [Gilroy and Poole, 2012] Figure 5-6 shows the many different types of
P3 arrangements that could exist. The primary ones include:

Design-Build (DB): The simplest form of P3 is design-build procurement. In this procurement model, a single
private contractor is responsible for designing and building a project. The design-builder assumes responsi-
bility for the majority of the design work and all construction activities, together with the risks associated
with providing these services, for a fixed fee.

Design-Build-Finance (DBF): In a design-build-finance structure, the design-builder takes on the additional
responsibility of financing the project. The design-builder arranges financing for the project and is repaid over
an agreed upon period, often upon completion of the project.

Design-Build-Finance-Operate-Maintain (DBFOM): In this procurement strategy, a private entity (usually a
consortium of companies) assumes responsibility for designing, building, financing, operating, and main-
taining a project for an agreed upon period. While the public agency retains ownership of the project and
must manage the project, the private partner assumes the long-term operations and maintenance risks of
the project. The operations and maintenance period of the contract effectively acts as a warranty, enhanc-
ing the private partner’s incentives to design and construct a quality facility that can be managed efficiently
over a long period.” [FHWA, 2012a]

Table 5-6 shows the major benefits of P3s as seen from a public sector perspective. The major distinction among the
different forms of P3s and thus their benefits is the degree to which risk is transferred to other parties. Risks should be
anticipated and should be transferred to those best equipped to manage the risk. Private firms take on the risks of some
or all of the financing, designing, constructing, operating, and/or maintaining a transportation facility in exchange
for future revenues. The distinguishing characteristic among the different forms of P3s is the degree of responsibility
and risk that is transferred to the private sector. [FHWA, 2012a]

P3s have an important role in the development and delivery of transportation and infrastructure projects in many
countries (see Figure 5-7). A Congressional panel examined this experience and made the following observations.
[Committee on Transportation and Infrastructure, 2014] The panel found that successful P3s have several common
elements, including leveraging the strengths of the public and private sectors, appropriate risk transfer, transparent
and flexible contracts, and alignment of policy goals. Unlike most other countries, the United States possesses a robust
municipal bond market of approximately $3.7 trillion, of which a significant portion is for infrastructure financing.
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Table 5-6. Benefits from Public/Private Partnerships

Benefit Description
Increased capacity to Using private equity and debt to help finance a project lessens the amount of public funds
finance projects required in the short term to support a project. In addition, the private partners may be less

risk-adverse than the public sector, allowing them to leverage greater upfront capital from
anticipated project revenue than the public sector can. By accessing private financial
resources, P3s can free up public funds to be used on other worthwhile transportation
projects that may not be suitable for P3 delivery.

Accelerated P3s may provide public agencies access to upfront capital needed to complete major projects

infrastructure provision | that is not subject to annual budget constraints or public debt caps.

Improved reliability of Many P3s create incentives for the private sector to design and construct a project more

project delivery efficiently. Several studies have found that P3 projects are more likely to be completed on
time and on budget than projects using traditional procurement methods.

Improved allocation of In P3s where the private sector is responsible for operating and maintaining the asset, the

resources over the private sector has a strong incentive to minimize operations and maintenance costs over the

project life cycle life of the project by improving quality of initial construction.

to the private sector sector.

Transfer of selected risks | Public sponsors can transfer risks, such as construction and financial risks, to the private

Source: FHWA, 2012a

The panel found that the existence of a
municipal bond market is a major reason
why the U.S. P3 market has not grown as
quickly as in other countries (which do not
offer tax-exempt municipal bonds) and why
the potential for P3s in the United States is
limited.

The panel’s work concluded that, in certain
circumstances, “a well-executed P3 can
enhance the delivery and management of
transportation and infrastructure projects
beyond the capabilities of government
agencies or the private sector acting inde-
pendently. The panel’s work highlighted
that the participation of the private sector
in financing a project can bring discipline
and efliciency to project delivery, which is
too often lacking in the traditional public

Figure 5-7. Public/Private Partnerships Worldwide, Nominal Total
Costs, 1985-2011, $ Billions
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procurement process.” [Committee on Transportation and Infrastructure, 2014]

Many state DOTs have established guidelines or criteria for when a P3 project makes sense for the state. Virginia’s
guidelines for P3 participation are a good example of such guidelines. The state’s P3 policy had the following objectives:

e Create investment opportunities, which increase the quality of transportation services in Virginia.

 Administer a fair and competitive project development and procurement process that encourages innovation,
private sector investment and creates long-term value for the Commonwealth.

e Achieve cost efficiencies throughout the life of a project using appropriate transfer of risk.

e Establish reliable and uniform processes and procedures to encourage private sector investment.

e Facilitate timely delivery of P3 projects within established laws and regulations.

 Promote transparency and accountability coupled with informed and timely decision making.

o Foster efficient management of Commonwealth financial and organizational resources. [Commonwealth of

Virginia, 2014]
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Table 5-7. Screening Criteria for State DOT Involvement in P3s, Virginia

Level Project Screening Criteria

Project Complexity Is the project sufliciently complex in terms of technical and/or financial requirements
to effectively leverage private sector innovation and expertise?

Accelerating Project Development | If the required public funding is not currently available for the project, could using a
P3 delivery method accelerate project delivery?

Transportation Priorities Is the project consistent with the overall transportation objectives and missions of the
Commonwealth and the Agency?

Is the project consistent with priorities identified by the appropriate transportation
plans and programs, such as SYIE, STIE, and MPO plans and programs?

Does the project adequately address transportation needs?

Project Efficiencies Would the P3 delivery method help foster efliciencies through the most appropriate
transfer of risk over the project lifecycle?

Is there an opportunity to bundle projects?

Ability to Transfer Risk Would the P3 delivery method help transfer project risks and potential future
responsibilities to the private sector on a long-term basis?

Funding Requirement Does the project have the revenue generation potential to partially offset the public
funding requirement, if necessary?

Could a public agency pay for the project over time, such as through an availability
payment, as opposed to paying for the entire cost upfront?

Ability to Raise Capital Would delivering the project under the PPTA help free up capital from other sources
for other transportation priorities within the Commonwealth?

Is the project consistent with federal requirements and potential agreements for
federal funding and/or approval for P3 projects?

Source: Commonwealth of Virginia, 2014

Table 5-7 shows the criteria used in Virginia for a high-level scan of the feasibility of a P3 project. [Commonwealth
of Virginia, 2014] As seen, the criteria range from how complex the project is to the distribution of risk associated
with the project.

P3s can also pose significant legal and practical challenges. Thomas [2014] notes several issues that may arise for transit
projects, but in reality are present for all transportation projects:

o Federal and Local Legal Issues—DP3s currently involve several major exceptions to standard federal laws and
regulations. In addition, local laws may restrict or impact P3s. Care must be taken to ensure that the P3
framework complies with FTA requirements and other applicable legal provisions.

o Insurance Issues—P3s may involve complex insurance arrangements and project-specific policies.

e Labor Issues—If a P3 includes a private entity performing transit operations or other related work, labor issues
may need to be addressed by the partners.

o Performance Metrics—Most P3 agreements have contractual performance metrics that the concessionaire must
satisfy with respect to the service being provided. These criteria are critical for the public partner in that they
ensure a desired level of service; they also help define the risks assumed by the private partner in service
provision (for which costs are usually assigned in the bid price).

* Risk Issues—P3s may involve a private entity serving as a concessionaire, but retain fare-setting power with
the public entity. Such arrangements can raise issues regarding revenue risk allocation.

o Tax and Financing Issues—To obtain financing and favorable tax treatment, the private entity may need to
demonstrate ownership of the asset being developed by the P3, yet the public entity needs to maintain con-
tinuing control of the project (among other reasons, to qualify for federal funds).

Excellent examples of how states and other agencies are viewing P3 arrangements can be found in [Rall et al., 2010;
Istrate and Puentes, 2011; and Commonwealth of Virginia, 2014]. In addition, many guides are available on the

steps that are necessary for developing a successful P3. Those interested are encouraged to visit the FHWA Office of
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Innovative Program Delivery, which provides numerous guidelines and tools to assess the benefits and costs of P3
projects (see http://www.thwa.dot.gov/ipd/).

VI. INVESTMENT PROGRAMMING AND REVENUE ESTIMATION

The previous sections discussed the different funding sources and financial strategies that are typical in the United
States and in many other countries. An important challenge for transportation officials is matching the needs estab-
lished by the planning process with the level of revenues that are reasonably expected over the lifetime of the trans-
portation plan. The term for this is "programming,” which in simple terms, is deciding which projects to fund and
when to build them.

Figure 5-8 shows a typical relationship among the different planning and programming processes as adopted by the
Colorado DOT. [Colorado DOT, 2015] The level of detail of projects is much greater during the programming process
(the statewide transportation improvement program—STIP), as indicated in the figure.

There is a variety of ways that the programming process can be organized. The Minnesota DOT (MnDOT), for
example, has both a decentralized and centralized programming process. A majority of the expected federal highway
and transit funds is “targeted” to Area Transportation Partnerships (ATP) for the selection of federally funded projects
in the STIP. ATPs are groups established by MnDOT in regions consisting of local officials, freight and passenger
interests, MnDOT representatives, and other public representatives. This process is decentralized; ATPs have the
responsibility for project selection. Federal funds that are not targeted to the ATPs are used for major statewide bridge
and corridor projects that are solicited and awarded centrally. Wholly funded state projects are selected by the eight
MnDOT district ofhces through their district planning processes. [MnDOT, 2015]

As an example of the program development at an MPO level, the Puget Sound Regional Council (PSRC) reviews all
projects submitted for inclusion in the capital program to ensure the following:

* Consistency with the region’s development and transportation plan.
 Consistency with local comprehensive plans.

 Funds are available or reasonably expected to be available.

* Consistency with the region’s air quality conformity determination.

* Consistency with federal and state requirements such as functional classification.

¢ Consistency with PSRC’s project-tracking policies. [PSRC, 2015]

Figure 5-8. Relationship between Planning and Programming Processes, Colorado

Planning and Programming Process

Development of new Statewide and Regional Transportation Plans every four years

Transportation Plans serve as foundation for creation of Development Program and STIP every four years

10 Year Development Program

Decreasing time horizon
Increasing project detail

STIP updated annually through transportation planning process to add one year

4 Year STIP

Source: Colorado DOT, 2015
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In addition, PSRC makes sure that the region’s financial strategy does the following:

o Reflects the impacts of the economic downturn on transportation finance (both revenues and
expenditures).

¢ Makes the case for the development of new funding over the plan implementation period.

e Adds specificity to the funding assumptions contained in the financial strategy of the previous plan (for
example, tolling, regional funding).

e Prioritizes projects using evaluation measures articulated through the VISION 2040 policy.

e Identifies projects that may not be ready for implementation prior to the planning horizon due to financial
constraints or other project readiness limitations.

¢ Develops an illustrative list of projects (unprogrammed) that are not covered by the plan’s financial strategy,
and are not part of the plan’s air quality determination. [PSRC, 2015]

The most important programming documents in the United States for transportation investment are the statewide
transportation improvement program (STIP) and the transportation improvement program (TIP) for metropolitan
areas (when talking about both generically, this chapter uses the term S/TIP).

A. State/Transportation Improvement Program (S/TIP)

By federal law, every state and MPO in the United States must produce a state transportation improvement program
(STIP) or a metropolitan transportation improvement program (TIP). Although the primary intent of the TIP is to
identify project priorities, it can serve other purposes as well. For example, the TIP for the Denver Regional Council
of Governments (DRCOG) is intended to achieve the following purposes:

e Serve as a short-range implementation tool to address the goals of the regional long-range transportation plan.
e Provide continuity of current transportation improvement projects with those identified in previous TIPs.

¢ Identify transportation projects recommended for implementation by transportation mode, type of improve-
ment, funding source(s), and geographic area.

o Estimate the costs of projects proposed for federal funding. The project allocations are to be consistent with
the federal funds reasonably anticipated to be available for such projects in the area.

o Establish a prioritization of projects to effectively utilize federal funds as they become available.

¢ Identify and implement transportation improvements which will maintain the system; improve safety;
improve air quality and reduce greenhouse gas emissions; reduce vehicle miles traveled (VMT) and
congestion; and enhance the transportation system. [DRCOG, 2015a]

The Metropolitan Transportation Commission (MTC) in the San Francisco Bay area also notes that the TIP is multi-
modal, covers a four-year period, identifies future commitments of funding and signifies that a project may move ahead
to implementation, shows estimated project costs and schedules, must reflect realistic revenue and cost estimates, and
can be amended as new projects are added or existing projects are modified. [MTC, 2014a]

Figure 5-9 illustrates the concept of a continual “rolling over” of the S/TIP. Every year or two, depending on when
the S/TIP is updated, a new year of investment is added to the capital program to take the place of the year that has
just passed.

It is important to note that the S/TIP development process is subject to the same public participation rules as the trans-
portation planning process, and thus requires opportunities for public input and for coordination with Tribal Nations
and other transportation agencies (for state DOTs, in particular, there must be close coordination with MPOs).
In addition, in those areas subject to Clean Air Act rules concerning nonconformance with air-quality standards,
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Figure 5-9. Rolling Four-Year State Transportation Improvement Program, Colorado
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MPO:s are required to show conformity of their TIP with the State Implementation Plan (SIP) for air quality before
the TIP can be adopted (see chapter 4 on environmental analysis).

Projects can come from a variety of sources. At the metropolitan level, the rules state that projects programmed in
the TIP must come from the long-range transportation plan or other planning products. Thus, a major challenge to
MPOs is to prioritize the projects that surface from the planning process for inclusion into the TIP. DVRPC, for
example, uses the following screening criteria for choosing road projects for its TIP: [DVRPC, 2013]

e Does the project serve the region’s identified population and employment centers?

o Are there significant environmental issues that will be impacted by a project, as measured by DVRPC’s
Environmental Screening Tool?

o Is the project located in a Congestion Management Process (CMP) Priority Subcorridor?
e What is the reduction in regional vehicle hours of travel (VHT) associated with this project?

e What is the average annual daily traffic multiplied by the peak-period volume-to-capacity (V/C) ratio within
the project limits?

e What is the daily truck traffic on the facility?

» How far has the project advanced?
Transit system expansion projects were evaluated with the following criteria:

* Does the project serve areas that will support a high level of transit service, as measured by DVRPC’s Transit
Score Index?

* Does the project serve environmental justice communities with additional transit needs, as identified by
DVRPC’s Degrees of Disadvantage (DoD) analysis?

e What is the potential for transit-oriented development?
e What is the status of the project?
o Is the project located in a CMP Priority Subcorridor?

e What is the project’s anticipated farebox recovery rate?
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System preservation and operational improvement projects were prioritized using asset management system condition
data, use (vehicle and truck volumes, or transit ridership), detour length (for bridges), age, TIP status, speed impacts
(for pavement), and functional class.

Readers are referred to DRCOG’s priority criteria [DRCOG, 2015b] for an example of an extensive numerical
approach to project prioritization; see also chapter 7 on evaluation.

At a state level, projects can come from the statewide transportation plan, as well as from many other sources. The
following example from the Oregon DOT (ODOT) gives a sense of the breadth of involvement and range of project
sources that could characterize a STIP development process.

Oregon categorizes STIP projects into two broad types: “Fix-It” projects, which maintain the existing transportation
system, and “Enhance” projects, which improve the system. [ODOT, 2015] State-level plans provide an important
source of projects. In ODOT’s case, these include:

e Oregon Transportation Plan (OTP)—DPolicy and system investment analysis for the state’s transportation infras-
tructure.

e Oregon Freight Plan—Summary of freight conditions and needs related to the state’s transportation systems
along with goals, policies, and strategies.

* Oregon Highway Plan—DPolicies and performance standards for the state highway system.

e Oregon Bicycle and Pedestrian Plan—~Analysis of statewide conditions, system and facility standards, and strate-
gies.

o Oregon Public Transportation Plan—Goals, policies, and strategies for the state’s public transportation system.

o Oregon Transportation Safety Action Plan—Strategies for improving the safety of Oregon’s transportation sys-
tem.

o Oregon Rail Plan—Goals, objectives, and system needs for freight and passenger rail in Oregon.

e Oregon Aviation Plan—Policies and investment strategies for Oregon’s public-use aviation system for the next
20 years.

o [Intelligent Transportation Systems Strategic Plan—Strategies to increase the efficiency of existing transportation
infrastructure.

o Statewide Congestion Overview—~Analysis of congestion problems and recommended solutions.

Other sources for projects originate from a management system database. The Oregon Transportation Management
System (OTMS) is used to monitor the condition of transportation assets such as pavement or bridges. Most rehabili-
tation and reconstruction projects in the STIP are developed from the OTMS. For example, all pavement preservation,
bridge, and safety projects are developed using information from the management system. The most important man-
agement systems include:

Bridge Management System (BMS)—The Bridge Management System for bridges on and off federal-aid highways
tracks inspection data and uses mathematical models to forecast future bridge conditions. It helps decision
makers identify cost-effective solutions and prioritize investments.

Intermodal Management System (IMS)—The Intermodal Management System provides information about inter-
modal freight and passenger facilities and connections. The focus is intermodal exchanges, such as rail to
truck, marine to rail freight movements, or passenger rail to highway exchanges. The system monitors
information about general freight traffic on highways, main rail lines, and marine waterways.

Pavement Management System (PMS)—The Pavement Management System helps decision makers find
cost-effective ways to maintain pavements in a serviceable condition. The PMS includes a pavement
database, which contains current and historical information on pavement condition, pavement structure,
and trafhic. It is a forecast tool that estimates future pavement conditions and helps identify and prioritize
pavement preservation projects.
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Public Transportation Management System (PTMS)—The Public Transportation Management System collects
and analyzes information about public transportation operations, facilities, equipment, and rolling stock.
The system monitors the condition and cost of transit assets and the cost of transit operations. PTMS
identifies needs and helps decision makers select cost-effective strategies for providing operating funds and
maintaining transit assets in serviceable condition.

Safety Management System (SMS)—The Safety Management System consists of the Information Safety Man-
agement System (ISMS) and the Project Safety Management System (PSMS). The ISMS includes sources
of data used by the PSMS and the overall monitoring and administration of ODOT’s Roadway Safety
Program. The PSMS includes processes, procedures, and tools to address critical safety issues for project
scoping, design, and construction.

Traffic Monitoring System for Highways (TMS-H)— The Traffic Monitoring System for Highways monitors per-
son and vehicular traffic data. It involves a systematic process for the collection, analysis, summary, and
retention of highway- and transit-related data over time and is used to forecast future conditions on the

highway system. [ODOT, undated]

In addition to ODOT plans and information sources, state projects in urban areas can come from metropolitan area
transportation plans and rural transportation plans (including small communities). Outside of metropolitan areas,
three planning processes are used to develop the source documents for projects listed in the STIP—ODOT facility
plans, local transportation system plans, and local public transportation plans. Facility plans include corridor studies
and other facility-specific plans, such as access management plans for interchanges, interchange area management
plans, and expressway management plans. Given that Oregon is home to several federal parks and federal facilities, as
well as Tribal Nations, the Oregon DOT STIP also includes projects from Federal Land Management agencies (for
example, the U.S. Forest Service) and Tribal Area plans.

As can be seen from this description, STIP development relies on a wide range of inputs, not only those from the state
DOT’s own planning process.

Figure 5-10 shows a typical project description that would be found in an S/TIP, in this case from the DRCOG. The
figure shows the expected level of funding over the lifetime of the TIP, the source for that funding, the agency respon-
sible, and an annotated history of the development of the project. Usually, S/TIPs present additional information
on the distribution of funds across modes and program types, and often by geographic area. Figures 5-11 and 5-12
illustrate this kind of information.

One of the important inputs into programming is the estimation of future costs and revenues. From earlier sections,
one can the large variety of funding sources and financial strategies that can be considered as part of a capital program.
For each of these, the state DOT and the MPOs must estimate what level of funding will be generated over the lifetime
of the plan or program. This is even more important when one considers the requirement that long-range plans and
programs be financially constrained. The next sections discuss ways of doing such estimation.

B. Estimating Revenues

In order to estimate future revenues, planners must know the underlying funding sources and the factors that influ-
ence the amount of revenue generated. Some revenues will relate to future economic activity, largely unrelated to
transportation system performance. For example, a sales tax is more affected by the state of the economy than it is by
the level of travel. Other revenues are directly related to the use of the transportation system, such as revenues from
gas taxes, tolls, or transit fares.

In Seattle, for example, the PSRC had to forecast new transportation revenues for:

e Fuel tax increases.
o Sales tax on fuels.
¢ Motor vehicle excise tax (percent of value).

e Sales tax increase for local transit.
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Sales tax increase for Sound Transit (the region’s transit agency).
New development or impact fees.

Road levy (property tax).

Employee tax.

Vehicle license fee.

Street utility fees.

Some of these revenue categories relate to expectations about the future demographics of the region, including pop-
ulation and employment, as well as the value of the vehicle fleet, volume of fuel consumption, the value of retail
sales, and others. PSRC uses a regional economic model to forecast future regional economic and demographic

Figure 5-10. Example Project Page from a TIP, Denver Regional Council of Governments

2016—-2021 Transportation Improvement Program (Approved TIP)

Title:
TIP-ID:

CDOT Region 1 Traffic Signal Pool. Specific projects will not be listed.

Region 1 Traffic Signals Pool
2007-075

Project Type: Safety

STIP-ID: SR16684 Open to Public: Sponsor: CDOT Region 1

Project Scope

Affected County(ies) ‘

Adams
Arapahoe
Broomfield
Denver
Douglas
Jefferson
Amounts in Prior Future Total
$1,000s Funding  FY16 FY17 FY18 FY19 FY20-21  Funding  Funding
Federal $0 $0 $0 $0 $0
State (Safety) $1,050 $6,650 $5,000 $0 $0
Local $0 $0 $0 $0 $0
Total $2,341 $1,050 $6,650 $5,000 $0 $0 $0  $15,041
Date Status Description
05/04/2015 Proposed Add the following projects and corresponding amounts to the pool for FY2016; SH-224 (E 74th Ave) at Dahlia St for $350,000; SH-287
(W 120th Ave) at Greenway Dr/Lamar St for $350,000; and SH-287 at W 10th Ave $350,000.
04/16/2015 Approved Proposed for adoption into 2016—-2021
08/21/2013 Amended Add $245,000 in FY2014 and $255,000 in FY2015 of state Safety funds transferred from TIPID #1999-063. Increase total project funding.
04/06/2011 Adopted Adopted into the 2012-2017 TIP
01/27/2011 Amended Add $146,000 of state Safety funds to FY2011 and program to signal replacements at SH-74 and County Road 65. Increase total project funding.
02/23/2010 Amended Add $122,000 of state Safety funds to FY 2010. Increase total project funding.
06/23/2009 Amended Reduce state Safety funds in FY 2010 by $36,000. Decrease total project funding.
04/06/2009 Amended Add $331,000 of state Safety funds to FY 2009. Increase total project funding.
08/15/2008 Amended Reduce state Safety funds in FY 2009 by $58,000. Decrease total project funding.
03/19/2008 Approved Adopted into the 2008-2013 TIP
06/14/2006 Approved Adopted into the 20072012 TIP

Source: DRCOG, 2015a
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Figure 5-11. Project Types in the 2015-2018 Regional TIP, Puget Sound Regional Council
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Source: PSRC, 2015

characteristics. These forecasts feed into tax-base forecasts leading
to expected revenues (see Figure 5-13). For tolls, fares, and parking
charges, PSRC uses its travel demand model to derive the revenue
yield from various applications of a toll or fare policy. [PSRC,
2014]

The results of this financial analysis are shown in Tables 5-8 and
5-9 and Figure 5-14. These are typical presentations of revenue
forecasting that one would see in MPO and, in some cases, state
DOT financial plans. Table 5-8 shows the forecast of revenues
related to those sources currently authorized, whereas Table 5-9
shows expected revenues from new sources.

Another example from the North Central Texas Council of
Governments (NCTCOG), the MPO for the Dallas-Ft. Worth
metropolitan area, again illustrates the assumptions that must be
made when forecasting future revenues.

The following financial assumptions were used in the update of

NCTCOG’s long-range plan: [NCTCOG, 2013]

¢ Beginning in 2015, the state fuel tax will be indexed
(adjusted annually) to fuel efficiency. Because fuel
taxes are assessed on a per gallon basis, as vehicles

Figure 5-12. Project Selection Results for PSRC
Funds, Safety and Efficiency Projects, Puget
Sound Regional Council

Other
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Intersections

Intelligent
Transportation
Systems
22.9%

Source: PSRC, 2015

become more efficient they consume less fuel. This decreases the amount of revenue available for transporta-
tion improvements. Indexing to fuel efficiency allows existing revenues to be maintained into the future.

Beginning in 2015, a $10 local option vehicle registration or mobility fee will be assessed within the 12-county
Metropolitan Planning Area boundary.

In 2020, both state and federal fuel taxes will be increased by 5 cents each.

In 2025, an additional $10 local option vehicle registration or mobility fee will be assessed within the
12-county Metropolitan Planning Area boundary.

By 2025, the state will have incrementally eliminated 80 percent of the diversions from the State Highway
Fund. This does not include the portion of the gas tax that goes to fund education because this is protected
by the state constitution.
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Figure 5-13. Economic Modeling Leading to Revenue Forecasting, Puget Sound
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Source: PSRC, 2014

Table 5-8. Current Law Transportation Revenues by Source, Puget Sound Regional Council ($2008 millions)

Current Law Revenue Sources 2010-2020 | 2021-2030 | 2031-2040 | 2010-2040
State taxes on motor fuels $5,260 $3,420 $3,040 $11,720
Registration and license fees (incl. weight) $800 $490 $470 $1,760
Orther state taxes and fees $380 $380 $500 $1,260
Other taxes and fees for general funds $6,450 $6,450 $6,100 $18,290
Property taxes (general or restricted) $2,160 $2,160 $1,400 $5,080
Development and impact fees $0 $0 $100 $100
Fares and operating revenues $4,410 $4,410 $4,650 $13,410
Federal—FHWA $1,860 $1,860 $970 $3,890
Federal—FTA $2,630 $2,630 $1,250 $5,380
Sales-tax revenue (general) $12,610 $12,610 $19,470 $46,290
Other transit revenue $630 $630 $660 $1,610
Parking taxes $250 $250 $140 $560
Property tax on motor vehicles $670 $670 $0 $1,160
Port and Tribal contributions $430 $430 $0 $630
Total Current Revenue $38,540 $38,540 $38,750 $111,140

Source: PSRC, 2014

In 2030, both state and federal fuel taxes will be increased by 5 cents each.

Over the life of the MTP, toll roads, managed lanes, comprehensive development agreements, public-private
partnerships, and other innovative funding options will be used to implement projects.

Over the life of the MTD, the state will address pavement conditions, while the MPO will fund bridge
replacements.

Opver the life of the MTD, regional transportation partners will continue to implement projects.

Over the life of the MTD, there will be an increased reliance on local entities to fund projects locally.
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Table 5-9. New Law Transportation Revenues by Source, Puget Sound Regional Council ($2008 millions)

Future New Revenues 2010-2020 | 2021-2030 | 2031-2040 | 2010-2040
Local Sources

Road levy (property tax) $ - $1,800 $2,300 $4,100
Other local sources (parking, license, and impact fees) $700 $3,600 $6,600 $10,900
Motor vehicle excise tax (cities and town) $700 $2,100 $3,000 $5,700
Transit-Specific Sources

Motor vehicle excise tax (transit) $1,100 $3,100 $4,500 $8,600
Sales-tax increase for local transit $- $1,900 $6,200 $8,000
Sales-tax increase for Sound Transit $- $4,900 $8.300 $13,200
Tax increases supporting privately owned vehicles $100 $200 $200 $500
Increases in transit and ferry fares $100 $600 $1,000 $1,700
State Sources

State fuel tax and bonding net proceeds $3,100 $1,600 $1,600 $6,400
Other state sources (Natural Resources, Fish/Wildlife, etc.) $300 $400 $500 $1,100
HOT Lanes and Facility Toll Revenues

HOT and facility toll proceeds $5,400 $5,500 $ - $10,500
Highway system tolls $ - $ - $47,300 $47,300
Fuel tax replacement $- $5,600 $5,500 $11,000
Offsetting fuel tax $ - $- | $(15,300) | $(15,300)
Total New Revenue $11,500 $31,300 $71,700 $114,000

Source: PSRC, 2014

Figure 5-14. Distribution of Current and New Law Revenues, Puget Sound Regional Council
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Source: PSRC, 2014
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Figure 5-15. Impacts of Revenue Enhancements, North Central Texas Council of Governments

Revenue Enhancements
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Source: NCTCOG, 2013

Another way of portraying the assumptions of new revenues is shown in Figure 5-15.

A revenue-forecasting model called Transportation Revenue Estimation and Needs Determination System (TRENDS)
was used to forecast state and federal funds for the initial regional plan. [Ellis et al., 2011] The financial forecasts also
included predicted revenue from the region’s toll and managed lane system and local funds, as well as the revenues
from the region’s three transit systems. Three revenue scenarios were developed that reflected varying possibilities

(see Table 5-10):

o Status Quo—This scenario represents a minimal level of investment that focuses on traditional transportation
revenues as they exist today.

o Statewide Enhanced—This scenario represents the financial conditions that would exist if taxes or fees for
transportation were increased at the state or federal level.

o Statewide Enhanced + Local Option—This scenario represents the most aggressive of the three funding options.
In this scenario, the assumptions from the Statewide Enhanced scenario would be used with the addition
of several local revenue initiatives. Local initiatives could be project-based (such as implementing a robust
toll and managed lane system) and/or they could be tax- or fee-based (for example, an increase in vehicle
registration fees). [NCTCOG, 2013]

After evaluating historic trends, the current state of transportation funding, and the plausibility of future funding,
the MPO Board selected the $101.1 billion Statewide Enhanced + Local Option scenario to represent the financially

constrained revenue forecast for the regional transportation plan.

As can be seen from these two examples, forecasting future revenues is based on historical trends and on reason-
able assumptions about future revenue enhancements. The process can combine both economic forecasting and a
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Table 5-10. Mobility 2035 Financial Scenario Assumptions, North Central Texas Council of Governments

Funding Strategies

Status Quo

Enhanced

Enhanced + Local Option

State fuel tax per gallon

$0.20 (existing)

+$0.05 in 2020 and +$0.05 in
2030

Same as Enhanced

State fuel tax indexing

To fuel efficiency by 2015

Same as Enhanced

Federal fuel tax per gallon

$0.184 (existing)

+$0.05 in 2020 and +$0.05 in
2030

Same as Enhanced

Ave. vehicle registration fee

$60 (existing)

Same as Status Quo

+$10 in 2015 and +$10 in
2025

Toll roads, managed lanes
and P3s

Currently funded
facilities

Same as Status Quo

Additional facilities

Other assumptions

Regional partners
continue to implement
projects

Reliance on local entities
to fund projects locally

Status Quo plus:

End 80% of diversions
incrementally by 2025

Maintenance: TxDOT addresses

pavement conditions

MPO funds bridge replacements

Same as Enhanced

Total revenue ($B)

$74.9

$86.4

$101.1

Additional revenue from Status Quo

+11.5

+26.2

Source: NCTCOG, 2013

travel demand model for estimating future use of the transportation system. Changes that might need to be considered

in the analysis include:

e Population change (should be compared with past trends and with statewide demographic control totals).

* Employment change (should be compared with past trends and with statewide economic growth control

totals).

* Regional distribution of future population, employment, and land use.

¢ Demographic change (including automobile ownership, household income, household size, and multiworker
households). [Kriger et al., 2006]

* Travel behavior change (including telecommuting, trip chaining, and Internet shopping).

Forecasting future revenues for a state transportation program often includes a similarly wide range of revenue sources.
Wachs and Heimsath [2015], for example, surveyed state DOTs and found the following sources of revenue were
forecasted by at least one state:

Oil company gross receipts tax.

Investment income and small revenue sources.
Aviation fuel tax.

Rental car surcharge.

Off-highway sales tax on dyed diesel.
Documentary stamp tax.

Motor carrier surtax.

Fuel tax transfers and refunds.
Opversize/overweight permits.

Damage to state property.
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¢ Toll road lease proceeds.

e Miscellaneous permits and fees.

o Weight distance tax.

 Federal revenue reimbursements.

e 2% Special fuel excise tax on dyed fuel usage.
e Driver’s license revenue.

e Truck regulation and enforcement fees.

¢ Projected unencumbered cash balances.
 Oil company—franchise tax.

¢ Contribution from Turnpike Commission.
e Vehicle code fines.

e Vehicle sales tax.

¢ Local participation.

e Interest on cash balances.

e Miscellaneous revenue.

e Dedicated taxes and fees.

e Ferry boat fees.

e Department of Motor Vehicle fees.

e Traffic violation fees.

o Airspace leasing.

They also found that the most common forecasting tools were: simple historical trend extrapolation, expert consensus,
and econometric models, including econometric regression analysis.

Good references for revenue forecasting include [FTA, 2000; NCHRP, 2010; CRTPB, 2010; Wachs and Heimsath,
2015; and FDOT, 2013]. Kriger et al. [2009] is a good reference for the estimation of toll revenues.

C. Estimating Costs of Capital Projects

The project cost estimation responsibilities vary by agency role in project development. For example, state DOTs have
primary responsibility for project planning, project development, construction, operations, and maintenance of the
state highway system. Thus, highway capital cost estimates included in a regional TIP usually come from the state
DOTs; the MPOs usually do not develop the estimates. However, cost estimates for other types of projects such as
nonstate highways and pedestrian/bicycle projects are often prepared by MPO staff.

Cost estimates, especially for very large projects, have often been criticized because of “cost creep” once the project is
under construction. There are many reasons why final costs might not reflect planning estimates, the most important
being that detailed engineering has not yet been done during the planning process, so that specific project costs (such
as environmental mitigation) are largely unknown at that point in project development. Anderson et al. [2007] suggest
many reasons for discrepancies in project-level cost estimates, including:

Source Factor
Bias

Delivery/Procurement Approach
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Project Schedule Changes

Engineering and Construction Complexities
Scope Changes

Scope Creep

Poor Estimation

Inconsistent Application of Contingencies
Faulty Execution

Ambiguous Contract Provisions

Contract Document Conflicts

Internal

Local Concerns and Requirements

Effects of Inflation

Scope Changes

Scope Creep

Market Conditions

Unforeseen Events

External

Unforeseen Conditions

Note that this list is for project-level costs where projects have advanced enough in the project development process
to develop the details for more accurate cost estimates. Factors such as scope change and creep are not that relevant
to planning level estimates because the specific project scope is not usually developed until after the plan.

Figure 5-16 shows an approach used by Washington State DOT to develop planning cost estimates. [WSDOT, 2012]
The approach simply multiplies unit costs by the expected quantities for a project cost element, and then sums across
all component cost estimates to get a total cost. A similar approach is used for project-level cost estimation, but at a
much more detailed level. [WSDOT, 2015] Most state DOTs have a cost estimation manual or policy that has been
calibrated to the project cost histories in their state. MPOs often use these manuals when developing their own cost
estimates.

One of the key characteristics of planning-level cost estimates is that insufficient project design has occurred to allow
cost estimators to know with any certainty what the project cost is likely to be. In other words, there is a high level
of risk associated with planning-level cost estimates. The way this is usually handled is to apply contingency factors,
adding an “uncertainty” cost to the estimate. This contingency factor decreases as the project moves through project
development and more detailed engineering is undertaken. Typical contingency ranges by phase are as follows:

¢ Planning and concept development phase—30 to 40 percent.
e Public involvement phase—25 percent.

e Semifinal phase—15 percent.

e Final review—S5 to 10 percent.

o PS&E—O0 percent. [Paulsen et al., 2008]

Transit capital cost estimation is similar in some ways to highway cost estimation, in that key standard cost cat-
egories are identified for each project, and then unit costs are applied where appropriate to estimate the category
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Figure 5-16. Planning-Level Cost Estimation Procedure for Washington State DOT
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cost. [TransTech, 2003] The FTA has defined the cost categories for the cost estimation process, and allows two

. . « . . . » <« . » <« »
types of cost estimation: the “bottom up (deterministic)” and “top down (stochastic)” approaches. The “bottom up
approach totals the cost of each component of a category. The “top down” approach provides an order of magnitude
cost based on data from projects that are similar in nature, where the cost is divided by a unit of measure and applied
as a unit cost.

The FTA cost categories include:

Category 10: Guideway and Track Elements

Category 20: Stations, Stops, Terminals, and Intermodal

Category 30: Support Facilities: Yards, Shops, and Administrative Buildings
Category 40: Site Work and Special Conditions

Category 50: Systems
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Category 60: Right of Way, Land, and Existing Improvements
Category 70: Vehicles

Category 80: Professional Services

Category 90: Unallocated Contingency

Category 100: Finance Charges

Two methods commonly used for estimating unit prices:

o The Historical Bid Price Method uses past unit price bids for similar work adjusted for time and project location
and developed as a construction cost index. Bid unit costs are usually available from the state DOT. However,
the timing of the bidding vis 4 vis the economy can also play a significant role in determining whether bids
come in above, below, or at an engineer’s estimate. External economic factors can cause the cost of constructing
a traffic signal—a fairly standardized item—to vary by plus/minus 10 percent. When contractors are looking
for work, they will submit lower bids to keep their forces and equipment busy.

o The Time and Material (also known as Crew Price) Method uses nationally recognized productivity, local labor,
and equipment rates from a similar or the same database, and material or subcontract costs from the same
database or as obtained by the estimating team for the project. [HDR, Inc. 2013]

As shown in Table 5-11, transit cost estimation also uses contingency factors to take into account the uncertainty of
actual costs. Contingencies are allocated to specific project components as well as to the phase of project development.

Table 5-11. Transit Cost Contingencies

FTA Category Description Allocated Contingency Percentage
10 Guideway and Track Elements
—Guideway elements (except underground) 25%
—~Guideway elements (underground) 35%
~Track elements 20%
20 Stations, Stops, Terminals, and Intermodal Connections 20%
30 Support Facilities: Yard, Shops, and Admin Buildings 20%
40 Site Work and Special Conditions
Demolition, clearing, earthwork 25%
Site utilities, utility relocation 30%
Hazardous materials, contaminated soil removal/mitigation,
groundwater treatment 30%
Environmental mitigation, for example wetlands, historic/
archaeological, parks 30%
Site structures including retaining walls, sound walls 25%
Pedestrian/bike access and accommodation, landscaping 25%
Automobile, bus, van access including roads, parking lots 25%
50 Systems 20%
60 Right of Way, Land, Existing Improvements 50%
70 Vehicles 10%
Unallocated Contingency Factors
Planning System planning 15%
Alternatives analysis 10%
Design Preliminary engineering 20%
Final design 15%
Construction 10%

Source: HDR, Inc. 2013
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As the costs of projects continue to rise and the level of funding continues to decline, it will become even more
important in the future to have a credible and effective capital cost estimation procedure.

D. Estimating Costs for Operations and Maintenance

Estimating future operations and maintenance (O&M) costs represents a particular challenge because of both
unknown future labor rates and unknown future labor productivity rates. Accordingly, most estimates of future
O&M costs are simply escalations of historic trends. For example, the PSRC considered the O&M component
of system components as a program cost and assumed cost escalation at historic rates modified to reflect expected
changes. City and county maintenance costs were estimated to grow at 2.7 percent in real terms over the 30-year
planning period, while nonproject capital requirements were estimated to grow at 2.5 percent in real terms. Local
transit operations were estimated to grow at, or slightly above, the rate of inflation, reflecting new cost control
policies implemented since an economic downturn. Travel demand management, intelligent transportation systems
(ITS), and toll system costs were also estimated programmatically through various detailed methods. [PSRC, 2014]

Transit O&M estimation is a bit different from the simple escalation approach, in that FTA and the transit industry
have developed approaches and methodologies for estimating O&M costs, especially for future transit projects. The
prerequisite for a transit O&M analysis is an operating plan, which outlines the expected fleet size, headways, and labor
requirements. After a major transit facility is constructed, systemwide O&M expenses typically increase, requiring
additional subsidies to continue operating and maintaining the transit system. [FTA, 2000] Fixed guideway projects,
for example, often result in significant service realignments. The operating plan contains at least 5 years of historical
data and 20-year forecasts of O&M expenses for the existing transit system and the proposed project. The O&M
expenses are supported by information regarding service characteristics of the transit agency, such as projected vehicle
revenue miles, vehicles in service, and directional route miles.

Two major types of models can be used to estimate future O&M costs. A cost allocation model assumes that each
expense incurred by a transit system is “driven” by a key supply variable such as revenue hours, revenue miles, and
peak vehicles. [FTA, undated] A unit cost rate is calculated for each expense line item and an estimated future O&M
cost can be calculated by summing the future revenue hours, revenue miles, and peak vehicles multiplied by their
respective unit costs. Twelve (12) months of actual transit expense data are preferred, with expenses defined as either
fixed or variable.

A resource build-up model identifies every factor that contributes to the provision of transit service and the cost of each.
As new services are added to the network, the transit agency can then estimate the change in the number of these
input factors and the corresponding cost. An example of an operations cost estimation is shown in Table 5-12. As
shown, the key variables are annual revenue miles and annual revenue hours.

VII. ENVIRONMENTAL JUSTICE ANALYSIS

The equitable distribution of funds has been a growing concern among transportation policy makers for many years.
[Wachs, 2003; Committee on Equity Implications of Evolving Transportation Finance Mechanisms, 2011] As part
of the transportation planning process, the development of the TIP is subject to the requirements that guide the

Table 5-12. Example Operations Cost Estimation, District of Columbia Streetcar

é B-l_f -8 2 5 b5 ; T e = e ®» - =)

S5 &S | 2| 2| B8 | BES | 285 | Eés

=2 |SE| %E |=E| §¢2 >3 298 | 298 | 293

55 |28 g & 2§ | 28 - =2 a | 22« ==

53 (25| zE |E5| EE| EE | Bgg | Egz | 333

e 52| = 2| 52| £Z EOR | B0 | 208
Alt. 1 Streetcar 263,852 $5.23 [ $1,379,946 | 30,821 $216.81 | $6,683,013 | $8,062,959| - $9,074,860
Alt. 2 Streetcar 278,554 $5.23 | $1,456,835 | 37,269 $216.81 | $8,081,133 | $9,537,968 | - | $10,734,982
Alt. 3 Premium Bus| N/A | N/JA | N/A  |33,788] $95.00($3,209,814| -  |$3,209,814| $3,306,108

Source: District DOT, 2014
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process and substance of the planning program. One of these requirements in the United States is that the capital
investment program should not unduly burden low-income and minority populations. Those who develop the TIPs
must self-certify that such is the case. In some instances, the MPO undertakes a fairly involved analysis of the equity
implications of the TIP.

An example of this is the Metropolitan Transportation Commission (MTC) in the San Francisco Bay Area. As part
of the 2013 TIP development, the MTC conducted an analysis that specifically addressed the equity implications
of the proposed TIP investments. In 2015, the MTC conducted an update of this analysis to reflect the additional
TIP investments that had occurred since 2013. The purpose of the analysis was to “understand if low-income
and minority populations are sharing equitably in the TIP’s financial investments.” [MTC, 2014b] The analysis
calculated the shares of 2015 TIP investments that affected the identified communities, and compared those shares
with the proportional size of this group’s population and trip-making relative to that of the general population. The
methodology consisted of:

1) The 2015 TIP investments were separated into two modes: transit and road/highway.

2) Investments were allocated in each category to low-income and minority populations, and other populations
according to each group’s usage share of each mode at the county or transit-operator level.

3) The assignment of investment by usage was performed by multiplying the percent of use of the mode by
the investment in that particular mode. This analysis was conducted at the county level for highways and
roadways and at the transit-operator level for transit. A similar approach was followed for transit investment
allocations.

4) 'The investments by mode (from county or transit-operator data) were summed for low-income and minority
populations and for all other populations based on each group’s usage share of each mode. The percent of
usage of the system by the target and other populations was then calculated and the percent investment was
compared to the percent use of the system by user group.

Tables 5-13 to 5-15 illustrate the information that resulted from this analysis. Based on these results, MTC concluded
that there was not disparate impact in the distribution of federal and state funding for public transportation purposes
between minority and nonminority populations.

Table 5-13. Population-based Comparison of TIP Investment by Income Distribution

2015 TIP % of % of

Investments Investment | Trips

Trips by people living in low-income households (< $50,000/year) $2,331, 948,851 25% 18%
Trips by people living in non-low-income households (> $50,000/year) | $7,176,862,582 75% 82%
Total $9,508,811,413 100% 100%

Source: MTC, 2014b, Reproduced with permission of MTC.

Table 5-14. Comparison of Federal and State Transit 2015 TIP Investments by Minority

Status
Total % of Total
Federal/State Federal/State | % of Regional | % of Total
Transit Funding Transit Transit Regional

Race/Ethnicity ($millions) Funding Ridership Population
Minority $1,355 61% 62% 58%
Nonminority $869 39% 38% 42%
Total $2,225 100% 100% 100%

Source: MTC, 2014b, Reproduced with permission of MTC.
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Table 5-15. Disparate Impact Analysis of 2015 TIP Investment: Population Analysis

Total Minority Per Capita
Federal/State Regional Benefit as % of
Transit Funding | Population | Per Capita Nonminority Per
Race/Ethnicity ($millions) (2010) Benefit Capita Benefit
Minority $1,355 4,117,836 $329 115%
Nonminority $869 3,032,903 $287
Total $2,225 7,150,739

Source: MTC, 2014b, Reproduced with permission of MTC.

VIII. FUTURE CHALLENGES

This chapter began with the statement that transportation funding and finance constitute perhaps the greatest
challenge facing the transportation industry today. This challenge is likely to become even greater in the future.
The PSRC identified some crosscutting issues in transportation finance that characterize the ongoing debate about
transportation finance. [PSRC, 2014] They are presented here, somewhat modified, to reflect the finance and funding
environment of tomorrow.

The Future of Fuel Taxes. In the face of inflationary pressures, vehicles with improved fuel mileage, and alternately
fueled vehicles, the future of a fuel-tax-based approach to highway finance may be limited. Alternate approaches
to collecting user fees have been contemplated for many years. Technical advances have revolutionized road user fee
collection approaches and may someday offer a replacement alternative for fuel taxes. As the transportation sector
strives to better understand the connection between personal and freight mobility and carbon emissions, taxes on
motor fuels will become an even less viable means of funding future investments. One option away from gas taxes is
a VMT fee, which would charge a driver per mile traveled. This type of fee would be more attuned to the economic
principle of user fees, but several proposals in the United States have been rejected because of the consequences of
such a fee structure on those who drive long distances (even though today’s gas tax and vehicle fuel economy is doing
much the same thing).

Bond Financing. Historically, transportation systems in the United States have been financed on a pay-as-you-go
basis. However, the pay-as-you-go approach is no longer working well in providing the level of investment dollars
needed to enhance the capacity of the transportation system. Many states have turned to debt financing as a way
of providing the necessary upfront dollars to implement a capital program. The problem is that, depending on how
much is borrowed, the principle and interest payments could well burden future generations with repayment costs
that do not allow them to invest in their own transportation strategies.

Reliance on Non-Transportation-Related Tax Sources. Increased reliance on non-transportation-related revenue
sources, such as the sales taxes and municipal general funds, exposes transportation systems to greater revenue uncer-
tainty. For example, e-commerce has likely eroded the sales-tax base for many communities, given that, in most cases,
sales taxes are not charged for Internet purchases. Transit agencies that rely on sales tax revenues will be affected by
economic downturns; for example, many had to significantly cut services during the economic recession of 2008-2012
as their sales-tax revenues plummeted.

Geographic Equity for Statewide and Regional Sources. Politics lends itself to geographic divides, and these divisions
have been a source of debate as to whether transportation dollars are distributed fairly. The issue of “Am I getting my
fair share?” is one that will continue to be faced in the future, especially if funding levels decline.

Cost Burden across User Groups. The distributional effects of transportation investment—that is, “who wins?
and who loses?”—relate to issues of fairness and political viability, but also have implications for efficient trans-
portation system management. Some users of the transportation system impose greater costs than others. Heavy
vehicles create more pavement and structural damage; commuters on busy roadways during the peak travel period
impose delay on other users. The financial systems that support investments in transportation need to reflect these
cost structures.

Connected and Autonomous Vehicles. Arguably, the U.S. transportation system is at the cusp of a technology
revolution. Connected vehicles, connected vehicle infrastructure, and autonomous vehicles raise important questions
on how such vehicle operations can fit into a transportation finance strategy that supports the infrastructure that is
still needed for such operations.

Transportation Finance and Funding © 199



IX. SUMMARY

Transportation finance and funding represent two of the greatest challenges facing the transportation industry. Today,
a variety of strategies are used to provide the investment capital needed to expand and maintain the transportation
system. New partnerships among public agencies, and between public and private organizations, are using innovative
finance strategies to support project implementation. In many ways, the finance and funding analysis process is much
more complicated than it was many years ago, when the largest single contributor to state and regional capital programs
came from the gas tax. Today, a menu of options is available for transportation ofhicials to choose from.

This chapter has described the current configuration of the transportation finance and funding structure. It seems likely
that the way we financially support the transportation system will change a great deal in the future. We are already
seeing new institutional arrangements and partnerships that support investment in the system. New technologies are
allowing states to capture tolls and fees in a nonintrusive manner, and this capability is only likely to increase in
the future.

Although, historically, transportation finance was not part of the transportation planning process, today it is. Very
few plans are produced today that do not have a requirement to identify potential financial and funding strategies.
Transportation planners thus need to understand the basics of financial analysis as well as the types of strategies that
can be considered as part of a state or regional investment program.
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Travel Demand and Network
Modeling’

. INTRODUCTION

ravel demand in the (noncommodity) urban environment refers to the personal travel or passenger trips gen-

erated by economic and/or personal needs. Demand for travel is often organized into market segments that

reflect a range of factors—including household income, gender, and age of the traveler; auto ownership; and
household structure—that influence how many and what kinds of travel activities occur. Transportation supply is
represented by the roads, transit facilities and services, information technology, and other infrastructure that enable
trips to be made. Transportation supply and travel demand are interdependent—inadequate capacity, which results in
congestion, affects travel decisions, and the cumulative effects of individual travelers’ decisions affect the performance
of the transportation system. Travel demand modeling focuses on this interaction between transportation demand and
supply. Given the need for making deliberate, long-term infrastructure investment choices, transportation planners
need to know how to model future travel demand and how to interpret the results.

This chapter begins with a brief historical perspective on the evolution of travel demand modeling. The next section
discusses some of the key principles and concepts that serve as the foundation of demand modeling, which leads into
the next section’s description of the major modeling approaches in use today—the four-step model and activity-based
modeling. The third section discusses the important relationship between travel demand modeling and air quality
analysis, and the final section describes different travel demand software packages available to the transportation
community. The reader should note that freight demand modeling is not discussed in this chapter, but is described in
chapter 22 on freight transportation.

Il. MODELING TRAVEL DEMAND

A. Brief Historical Perspective

Prior to the mid-1950s, many urban areas relied on simple uniform growth factors for estimating future travel
demand. [Weiner, 1987] In other words, planners simply looked at the historical growth in travel and extrapo-
lated to future years. As transportation became more important to the growing metropolitan areas of the 1950s and
1960s—and especially when a formal transportation planning process was required in federal transportation legisla-
tion (see chapter 1)—the need for more formalized forecasting methods became crucial. During the early years of
travel demand modeling, demand forecasting was used largely to ensure that sufficient highway capacity was avail-
able to meet the growing demand for automobile trips. Very little effort was devoted to predicting the demand for
other modes of transportation. Many of the analysis techniques developed during this period became the technical
foundation for what is now known as the four-step modeling process.

The 1960s and 1970s saw many important changes in transportation planning. Environmental concerns started to
play a small, but more significant role in transportation decision making. Oil embargoes in the 1970s led to a growing
concern about the reliance of the U.S. transportation system on imported oil, and models were once again expected to
provide information on the likely effects of different transportation strategies in response. Beginning in the mid-1980s,
larger urban areas began to look more seriously at ways of providing mobility other than with single-occupant cars,
and travel demand models were expected to provide some indication of the most effective types of transit and travel

I'The original chapter in Volume 3 of this handbook was written by Debbie A. Niemeier, Ph.D., PE., Professor, and Song Bai, Ph.D., Civil and Environmental
Engineering, University of California-Davis. Changes made to this updated chapter are solely the responsibility of the editor.
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demand management (TDM) strategies under varying system conditions. During the past 20 years, the emphasis on
expanding system capacity to meetr demand has shifted to a philosophy of managing demand. Consider, for example,
the application of intelligent transportation system (ITS) technologies to manage system performance and provide
better information to travelers (see chapter 10 on transportation system management and operations). To know which
investments make sense, travel demand models were called on to determine the effect of these technologies and other
operations-oriented strategies on travel decisions. [TRB, 2007]

Today’s land-use planning and transportation investment decisions are accompanied by a variety of other consider-
ations unheard of in the 1950s—ranging from air-quality conformity, environmental impacts, and environmental
justice issues to informing regulatory processes and addressing reporting requirements associated with government
accountability. These context-related changes to planning have also been accompanied by fundamental changes in
household factors that often drive demand, resulting in different travel markets today than those of 20 years ago. For
example, declining household size and increasing vehicle ownership have had perhaps the greatest impact on travel
activity (see chapter 2 on travel statistics). The average household size has dropped by roughly one person in the last
40 years. During the same period, vehicle ownership has continued to rise. As noted by the American Association of
State Highway and Transportation Ofhicials (AASHTO), the changes over the past 50 years in auto ownership have

been dramatic:

“The number of households with one vehicle remained roughly constant for 30 years, but after 1990 it began to increase,
perbaps attributable to the influx of immigrant populations and growth in single-adult households. Note that, for the
most part, the great changes were in the two-and three-vehicle households. Households with two vehicles increased
Sfrom about 10 million to more than 40 million in the period, and households with three or more vehicles increased
an incredible amount, from 1.3 million to more than 22 million, almost 20 times the 1969 figure.”
—AASHTO, [2013]

Household composition and the organization of household activities also continued to evolve. As household structure
changed, so did travel patterns, which were also influenced by rapid suburbanization of U.S. metropolitan areas. As
the number of single-parent and two-worker households increased, the ways in which individuals arranged their daily
travel also became more complicated. Nonwork trips are now often linked to work commute trips, resulting in a
linking—or trip chaining—of different types of activities. As early as the mid-1990s, Strathman et al. [1994] found
that 31.5 percent of all trip chains were work-related and 68.5 percent were nonwork-related.

Partially in response to these changes, the last two decades of travel demand forecasting have seen significant improve-
ment in tools and methods. The complexity of policy and infrastructure decisions has driven the development of many
innovations, which have now made their way into mainstream practice.

B. Principles and Concepts

Travel demand models are based on several fundamental concepts and principles that have served as the foundation
for demand modeling for decades. These concepts range from consumer theory to the idea of travel being considered a
derived demand. It is beyond the scope of this chapter to discuss each of these topics in detail. However, transportation
planners should understand some of the basic foundations of travel demand modeling in order to understand why
models are formulated the way they are.

Travel as a Derived Demand. Viewing travel as a derived demand is perhaps one of the most important con-
cepts in travel demand modeling and has been incorporated into traditional models as well as some of the newer
modeling approaches. Put simply, derived demand says that travel occurs because of activities that occur at the
destination ... travel is simply a means to an end. Demand is derived from the need or satisfaction in arriving at
a destination. This has resulted in model variables that describe the attractiveness of destination zones (for example,
thousands of square feet of retail space) as well as characteristics of the origin zones (for example, household incomes).

Travelers as Consumers of Travel. Consumers of goods usually consider a range of factors when deciding to pur-
chase one product over another. So too in transportation. Travelers are considered to be “purchasing” one mode of
travel over another. In travel demand parlance, a mode is considered to have a utility attached to its use (or a disutility,
if the characteristic does not lead to higher consumption, for example, cost of travel). The utility of a mode is associated
with such things as travel cost, convenience, travel time, availability of the mode, and the like. Travelers are assumed
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to weigh the utility of one mode versus another and then choose the one with the greatest utility. Importantly, the
choice of one mode versus another is observable, that is, one can develop models based on the observed behavior of
individual travelers, aggregated over all travelers in a network.

Network Flows as Equilibrium Flows. Figure 6-1 shows a very com-  Figure 6-1. Demand Curve
mon representation of the demand for a good and its relationship to
price. As shown, the demand curve represents expected quantities con-
sumed at a particular price. For transportation modeling, at an aggregate
level, it is assumed that individual travelers cannot increase their utility
by choosing another path or another means of arriving at a destination.
Using travel cost as a simple representation of utility, this means that
a traveler cannot find another least cost travel path different than the
one chosen, all things being equal. Thus, the overall trip-making flows
on a network for a given price is assumed to be an equilibrium flow.
Travel demand modeling must therefore reflect not only the character-
istics of travelers, but also the characteristics of network performance.
It is the interaction between the demand and supply of transportation
that is reflected in demand estimates. Note that the demand curve could
shift depending on factors that are outside the control of a transporta-
tion planner (for example, the population gradually getting older) and Q* Quantity (Q)
that demand elasticities (change in demand in proportion to change in
price) can vary by whether the effect is short term or long term.

Price (P)

Stochastic Behavior. Although one would expect a “rational” person to always choose the mode of travel that
maximizes utility, such is not the case. There are some travelers who will not drive during peak periods, while others
will never use a bus. If one believes in the concept of derived demand, a “rational” person would always choose the
shortest time path between origins and destinations; however, many choose routes that are longer for no other reason
than to “see the sights.” Thus, there is some uncertainty associated with trip-making decisions that must be considered
as part of travel demand modeling. This is manifested in travel demand models by using the probabilities of certain
trips being taken by different modes.

Trip Purpose and Time of Day. As noted in chapter 2, trips are made for some purpose (derived demand) and occur
at specific times of the day. Thus, travel demand models incorporate trip purpose into the structure and functioning
of the models themselves. In traditional models, demand analysis is actually done sequentially by trip purpose. Thus,
one would forecast work trips, shopping trips, school trips, and so on individually. These would then be aggregated to
obtain a total trip-making “picture.” Similarly, time-of-day was handled by forecasting a 24-hour trip table and then
reducing it to individual times of the day (for example, peak three hours, peak hour, or off peak hours) using historical
percentages of the amount of travel occurring in these time periods. In many recent modeling efforts, trip purpose and
time-of-day have been combined by looking at the typical trip-making activities of individuals during the day. For
example, a traveler might start from home in the morning, drop off a child at a day care center, drive to work, walk
to a nearby coffee shop, walk back to work, walk to a nearby restaurant for lunch, walk back to work, drive to pick
up the child at daycare, and drive home in late afternoon. Many of today’s demand models are able to represent this
trip-making behavior by focusing on a traveler’s activities during the day, and thus the term “activity-based models.”

Spatial Distribution of Activities. Just as trip-making occurs over time, so too do trips occur over spatial areas.
Thus, when predicting the demand for travel, transportation planners will want to know where trips are likely com-
ing from and where they are going to. From a modeling perspective, this becomes important for assigning travel
flows to transportation networks, such as a highway or transit network. Identifying the spatial nature of trip-making
has become more challenging in recent years with employees who work at home, or who work from sites not con-
sidered normally as a work location, for example, a coffee shop. As society becomes ever more distributed via the
Internet, understanding the spatial distribution of where many of our everyday activities occur could become even
more important.

C. Travel Demand Model Applications

Travel demand estimation occurs in a variety of problem-solving and planning contexts. In each case, the inputs to
a model or forecasting tool will vary according to the complexity of the desired outcomes and the scale of demand
analysis. Thus, for example, a regional demand forecast will require a representation of the entire region (for example,
traffic analysis zones) and of the entire transportation system (for example, transit, highway, and nonmotorized net-
works). The degree of sophistication and complexity in forecasting future demand for travel can range from the use
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Table 6-1. Typical Output Measures by Road Demand Forecasting Application

Travel Forecasting Typical Volume-based Typical Time-
Application MOEs Based MOEs Accessibility MOEs
Air quality conformity analysis Area-wide vehicle miles traveled (VMT) Speeds

Asset management, including bridge | Link-specific volumes
and pavement needs

Capital improvement program, Benefit/cost, level of service (LOS)
prioritization
Congestion management process Corridor volumes Speeds
Corridor mobility studies Intersection: LOS, Intersection turning

movements, travel volumes
Demand management plans Number of peak-hour trips, LOS
Environmental impact statements VMT, emissions, crashes Vehicle hours of

travel (VHT)
Energy consumption Fuel consumed (related to miles per gallon)
Evacuation plans Hourly travel volumes, throughput Travel times
Facility design and operations Design hour travel volumes
Highway feasibility studies Benefit/cost, screenline volumes, LOS VHT Access to labor
market and jobs

Interchange justification requests Travel volumes, LOS
Roadway (general and freight) VMT, LOS VHT Access to labor
long-range planning market and jobs
Travel impact studies Intersection turning movements, LOS,

delay per vehicle

Source: As modified from CDM Smith et al., 2014, Reproduced with permission of the Transportation Research Board.

of simple growth rates and trend-line analysis to large-scale travel demand and simulation models. Table 6-1 shows
different applications for travel demand forecasting and the type of information produced by demand analysis. This
information describes the condition and performance of the future transportation system such that investment or
operations decisions can be made today in anticipation of future capacity and operational problems. Measures of
effectiveness (MOEs) in this table refer to the types of outputs from the forecasting tool. Also note that the focus of
the travel demand forecasting tools shown in Table 6-1 is primarily on road demand; forecasts for transit ridership
and pedestrian/bicycle use rely on similar, but slightly different approaches.

NCHRP Report 765, Analytical Travel Forecasting Approaches for Project-level Planning and Design, [CDM Smith et al.,
2014] provides useful insights on the strengths and weaknesses of volume-based, travel-based, and accessibility output
measures. Table 6-2 shows this assessment.

NCHRP Report 765 also provides a useful checklist or “rules of thumb” for applying travel forecasting techniques
in a transportation analysis, including:

o Every effort should be made to forecast travel on the basis of an analysis of the interaction of transportation
demand and supply using well-validated travel demand models. Travel demand forecasts should be based on
behavioral/socioeconomic factors, rather than trend-line extrapolations of travel growth whenever possible.

o Additional area detail (additional zones and links) may be created for project-level forecasts.

o Adjustments for over/under forecasting should be conducted at the level of the trip table first, before link-level
adjustments are made.

e Link-level adjustments for over/under estimation against base year travel counts should not exceed 15 percent.

e Intersection turning movement forecasts beyond a five-year timeframe are highly susceptible to error and

should be avoided.
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Table 6-2. Strengths and Weaknesses of Travel Forecasting Model Outputs

Volume-based Measures Time-based Measures Accessibility Measures
Volume-based measures deal | Travel time measures describe the trip | Accessibility measures can be used to assess
with the quantity of use of duration of travel by a vehicle between | how environmental justice populations are
transportation facilities at a two points or the total effort incurred in | affected by transportation investments and
§ | point on a transportation travel by a group of travelers between or | development and to estimate the proximity
£ | network along several points | within regions. of facilities such as ports, airports,
uq:‘:) on a screenline, or between warchouses, and distribution facilities to
Q | origins and destinations. shippers and site retail and other
Demand is associated with commercial developments, using measures
specific timeframes. such as the population within a reasonable
distance of a development site.
Travel volumes are the most | Travel time-based measures more closely | Higher levels of accessibility correspond to
basic, readily understood, describe a traveler’s experience than do | increased destination choices and modal
readily accepted, and thus volume-based measures. However, most | choices and thus better economic and social
most important output of the | forecasting applications estimate travel | outcomes. Basic measures of accessibility are
travel forecasting process. time less accurately than travel demand | readily understandable when the choices or
However, travel volumes do volumes. opportunities available are simply counted.

not convey the traveler’s
experience of congestion or

delay.

When used at large geographic scales, the
measure can be relatively insensitive to small
to moderate changes in transportation
capacity. Aggregate measures of accessibility
that produce unitless results (such as change
in utility) can be difficult to explain and
understand.

Strengths/Weaknesses

Travel volumes describe the Travel time information is often Typical applications include the relationship
number of vehicles at a point | compared to some norm or standard to | between a smaller area and a larger region:
on a roadway. Travel forecasts | describe performance. The standard or

are often developed for specific | baseline against which travel time * Number of houscholds (larger region)

within 30/45/60 minutes of an

travel markets, such as performance is being measured should .

; L . employment or activity center (smaller
passenger vehicles and trucks. | be realistic and clear. When comparing area), as a measure of access to labor
Special-purpose studies may | travel times between two points, often ’ ’
focus on additional vehicle the point of comparison is a no-build |« Number of jobs (larger region) within
classes, such as buses or scenario. A related measure, travel time 30/45/60 minutes of a residential area
combination and single unit | delay, is expressed as the increment of (smaller area), as a measure of access to
trucks. time incurred in travel, over and above jobs.

some expected level. Often the expected

level is defined as travel in uncongested | Researchers and planners have developed
conditions (free flow times). However, | more generalized measures of accessibility,
uncongested conditions may be an suitable for application at a regional level.
unrealistic standard in some urbanized | Such measures rely on formulations similar
areas and during peak periods of travel. | 6 the gravity model; the denominator
This is less of an issue when delay is used | of 3 destination or mode choice model,

Application/Purpose

as a relative measure, as a way to the logsum, can also be used as a measure
compare alternatives. of accessibility across all modes
represented.

Source: CDM Smith et al., 2014, Reproduced with permission of the Transportation Research Board.

¢ Projected decreases in travel (negative growth rates) volumes in a study area should be examined carefully and
explained fully. Possible causes include economic factors; creation of new, parallel routes; shifts in through
travel; and forecasting procedures based on unusual and/or unrepresentative travel conditions.

 Benefit/cost analysis should be applied to travel forecasting for investment decision making whenever

possible.

o Travel forecasts should be documented in a brief report that includes sufficient information to inform a reader
about the purpose of the analysis, the principal finding of the analysis, the rationale or supporting evidence
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Table 6-3. Travel Forecast Precision

Travel Forecast Prediction
Forecast Volume | Round to Nearest
<100 10

100 to 999 50
1,000 to 9,999 100
10,000 to 99,999 500
>99,999 1,000

for the finding of the study area’s existing conditions, and the approach/methodology used to conduct the
analysis.

» Good travel forecasting depends on reliable and timely baseline data. At a minimum, hourly travel counts for
automobiles and trucks should be collected at a project site for travel forecasting.

e 'The assumptions, analysis process, and results of a travel forecasting process should be thoroughly documented
and made available for public review.

* Rounding should be done by AADT levels to avoid implied precision, see Table 6-3. [CDM Smith, 2014]
Some useful references for the travel demand modeling process include:

o Travel Model Improvement Program (TMIP), Travel Model Validation and Reasonableness Checking Man-
ual, Second Edition, http://www.thwa.dot.gov/planning/tmip/publications/other_reports/validation_and_
reasonableness_2010/index.cfm.

o TMIP Guide for Travel Model Transfer, http://www.thwa.dot.gov/planning/tmip/publications/other_reports/
travel_model_transfer/index.cfm.

White papers:

e “Improving Existing Travel Models and Forecasting Processes” https://www.thwa.dot.gov/planning/tmip/
publications/other_reports/improving_existing_models/.

e “Managing Uncertainty and Risk in Travel Forecasting” http://www.thwa.dot.gov/planning/tmip/
publications/other_reports/uncertainty_and_risk/uncertaintyandrisk.pdf.

TMIP tools:

e Road Pricing Feasibility Screening Tool https://www.thwa.dot.gov/planning/tmip/publications/other_
reports/feasibility_screening/.

¢ TAZ Data Consistency Checking Tool (forthcoming).

Demand forecasting for transit and nonmotorized travel have some similarities to the road demand forecasting
described above. With respect to transit riders, the same basic approach to forecasting is used to forecast future rider-
ship, except that the expected transit riders are assigned to a transit network instead of a road network (of course, for
bus planning, the road network is the basic structure of the bus transit network). The outputs for a transit forecasting
model are number of riders by trip purpose, time of day, and usually household income.

Walking and bicycle riding are important in many cases not only as a primary mode of travel, but also as a mode for
accessing other higher-capacity modes. This is illustrated in Table 6-4 where mode share was estimated in a study in
Arlington, Virginia, with different values of pedestrian-conducive environments reflected in a walk score. As shown,
as the walkability score increased, the amount of walking and transit ridership increased, while the use of the auto-
mobile declined.

For pedestrian and bicycle demand forecasting, greater detail is required on the characteristics of the travelers and
of the origins and destinations. Thus, for example, a recent pedestrian forecasting model that is integrated with the
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Table 6-4. Mode Split for HBW and HBO Trips in Relation to Walk Accessibility

Scores, Arlington, Virginia

HBW Origin HBW Destination
WALK Score! | Auto | Transit | Walk | Auto Transit | Walk
<100 65% 30% 1% 85% 10% 3%
200 55 37 5 79 17 5
400 50 43 8 70 21 6
600 43 45 10 67 24 7
800 40 47 11 65 27 7
1000 38 48 13 62 29 8
>1200 35 50 14 60 30 9
HBO Origin HBO Destination
WALK Score Auto | Transit | Walk Auto | Transit | Walk
<100 88% 2% 10% 88% 1% 12%
200 75 8 17 81 3 13
400 65 12 23 79 8 14
600 59 15 26 76 10 14
800 54 16 29 74 11 15
1000 51 18 31 72 12 15
>1200 48 18 32 70 13 15

Lhteps://www.walkscore.com/methodology.shtml

Source: Kuzmyak et al., 2014, Reproduced with permission of the Transportation
Research Board.

traditional travel demand modeling process uses pedestrian analysis zones (PAZs) that are different from the travel
analysis zones utilized for travel demand forecasting. [Singleton et al., 2014] The PAZ’s reflect the urban design and
land-use characteristics that encourage travelers to walk (known as a pedestrian index of the environment), such as
people density, transit access, development density, block size, sidewalk density, and comfortable facilities. The number
of travelers walking would then be deducted from the trip-generation estimates (which are usually not mode-specific
in the traditional modeling approach), and used to estimate the walking demand for the study area. Figure 6-2 shows
the pedestrian index for the environment as estimated for Portland, Oregon. Not surprisingly, the more conducive
and more likely areas for walking as a primary mode of travel are in the downtown area.

For additional material on demand forecasting for walking and bicycle riding, see chapter 13.

D. Model Zones and Networks

Travel demand models often depend on a zonal system reflecting the sociodemographic characteristics of the house-
holds in the study area (travel analysis zones) and on a coded network. Recent advances in travel demand modeling as
reflected in activity-based modeling and microsimulation focus more on individual traveler use of a network, and thus
do not rely on travel analysis zones. Chapter 2 and chapter 3 on data collection and land use, respectively, describe the
types of data used to populate the zonal systems, and will thus not be repeated here. However, how a transportation
network is created and depicted requires some attention.

Figure 6-3 shows a typical representation of a network model. As shown, a network consists of two major
elements—nodes and links. A node represents any point in the network where a user can enter the network (for
example, an intersection or transit station) or where some change in direction occurs (for example, a ramp or access
point to a major activity center). Links represent the connections between the nodes, for example, roads, transit lines,
bike paths, and the like. Usually, for modeling purposes, each link has a link performance function that defines how
that link performs as volume builds (discussed later in the network assignment section). In other words, as more and
more volume is assigned to a particular link, the more congested that link becomes and thus the more time it takes to
traverse the link. From the perspective of the model algorithms, this link might become so congested that the model
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Figure 6-2. Pedestrian Index of the Environment Estimation for Portland,
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will look for other paths for users to get to a particular destination. Because the model results depend so much on the
valid specification of the network (for example, distance, speed, and location), the modeler needs to be very careful
in developing and coding the network. Modern software and GIS packages provide modelers with the capability of
building a network fairly easily; however, the modeler must still input the link attribute data.

The following link attributes are most often included in a road network database:

 Node identifiers, usually numeric, and their associated geocoordinates.
 Link identifiers, either numeric, defined by “A” and “B” nodes, or both.

¢ Locational information (for example, zone, cutline, or screenline location).
e Link length/distance.

e Functional classification/facility type, including the divided or undivided status of the link’s cross section.
e Number of lanes.

 Uncongested (free-flow) speed.

e Capacity.

e Controlled or uncontrolled access indicator.

e One-way versus two-way status.

e Area type.

e Travel count volume (where available). [CDM Smith et al., 2014]

Transit link definition is a bit more complicated than that for road networks because riders can access transit services
in many different ways, for example, walking, bicycling, auto drop-off, auto parking, other transit services, and so on.
Table 6-5 shows some of the transit links that are often used for coding transit service networks.

In most cases, such as regional or community-level modeling, a zonal system and network model already exist, and
planners must then ask themselves if the zone system and network are at a level of detail sufficient for the desired
analysis. For example, most metropolitan planning organizations (MPOs) have traffic analysis zones (TAZs) based on
the latest census information. For large MPOs in particular, these zones have been used in a land-use forecasting model.
In addition, census block data are available at the sub-tract level. [Cambridge Systematics and AECOM Consult,
2007] As can be seen in Figure 6-4, the TAZ system for large metropolitan areas (in this case, for the Atlanta, Georgia,
metropolitan area) can be extensive.

In many cases, the TAZ boundaries closely replicate census tracts simply to allow the transfer of census data to TAZ
databases. Many of these zones, however, might be too large for the study purposes, especially if the study is examining
travel flows ata much finer level of detail. For example, a corridor study in Atlanta used the TAZ structure developed by
the Atlanta Regional Commission for the analysis of travel flows. The corridor itself was a large regional corridor serving
trips throughout the region and thus 1,683 TAZs were included in the analysis. However, because the corridor study
was interested in travel flows at key locations included within much larger zones (for example, major development
sites near interchanges), 131 new zones were created by subdividing some of the original TAZs into smaller zones. By
so doing, the study was able to examine travel flows into and out of key trip generators in the corridor.

E. Model Calibration and Validation

Two of the most important tasks in developing a credible model are calibrating the demand model with existing data
and then validating its results. As will be seen later, many demand models use equations to predict either the demand
itself or some aspect of system performance that influences a traveler’s decision, such as the level of congestion on
the network. These equations often consist of variables such as travel cost, travel time, number of transfers, and so
forth, as well as coefficients that reflect the relative magnitude of each variable in the equation. The value of each
variable is obtained from existing databases or is measured through data collection efforts. These values are then used
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Table 6-5. Transit Link Characteristics

Characteristic Description

Drive access link A link that connects TAZs to a transit network via auto access to a park-and-ride or
kiss-and-ride location.

Effective headway Time between successive transit vehicles on multiple routes with some or all stops in common.

Headway Time between successive arrivals (or departures) of transit vehicles on a given route.

Local transit service Transit service with frequent stops within a shared right-of-way with other motorized vehicles.

Mode number Code to distinguish local bus routes from express bus, rail, and the like.

Park-and-ride-to-stop link | A walk link between a park-and-ride lot and a bus stop, which is used to capture out-of-vehicle
time associated with auto access trips, and also for application of penalties associated with
transfers.

Premium transit service Transit service (for example, bus rapid transit, light rail transit, heavy rail, commuter rail) with
long distances between infrequent stops that may use exclusive right-of-way and travel at
speeds much higher than local service.

Route description Route name and number/letter.

Run time The time in minutes the transit vehicle takes to go from the start to the finish of its route and
measure of the average speed of the vehicle on that route. Often estimated by the program
based on segment length and speed.

Transfer link A link used to represent the connection between stops on two transit lines that estimates the
out-of-vehicle time associated with transfers, and also for application of time penalties
associated with transfers.

Transfer penalty Transit riders generally would rather have a longer total trip without transfers than a shorter
trip that includes transferring from one vehicle to another; therefore, a penalty is often imposed
on transfers to discourage excess transfers during the path-building process.

Walk access link A link that connects TAZs to a transit network by walking from one zone to a bus, ferry or rail
service; usually no longer than 1/3 mile for local service and 1/2 mile for premium service.

Walking link A link used exclusively for walking from one location to another. These links are used in dense
areas with small TAZs to allow trips to walk between locations rather than take short transit
trips.

Note: Italics indicate those characteristics that should be in all transit networks

Source: CDM Smith et al., 2014, Reproduced with permission of the Transportation Research Board.

to estimate coeflicients or other parameters of the demand model. Typical approaches for this estimation include
regression analysis or maximum likelihood analysis. The intent is to develop the most credible demand model by
estimating the variable coefficients based on real-world data. This is called calibrating the model.

Model validation is the process of using the calibrated model and running it against some known values to check if
the model is producing valid results. For example, a calibrated demand model could be used to estimate the ridership
on existing transit routes and the model results compared to actual ridership for validation. For highways, a typical
approach is to estimate travel volumes on specific links on the network, then compare modeled volumes with actual
travel counts at those locations. Screenline counts are often used for this purpose. Table 6-6 shows different ways that
model results can be validated.

Good practice in model development and use starts with close attention to model calibration and validation.

lll. DEMAND MODELS AND TOOLS

Demand analysis uses many different tools and models, depending on the type of information desired. As mentioned
earlier, these tools can be as simple as trend projections based on historical data, or as sophisticated as simulated travel
behavior using the aggregate movements of simulated individual travel behavior. The following sections provide an
overview of some of the most used analysis tools for demand forecasting. For those interested in participating in
on-going discussions relating to travel demand modeling, see http://tfresource.org/Travel_Forecasting_Resource.
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Figure 6-4. Traffic Analysis Zones in the Atlanta Regional Commission Travel Demand Model

Source: ARC, 2015, Reproduced with permission of the Atlanta Regional Commission.

A. Demand Elasticity Analysis

Demand elasticity is an important tool used by transportation planners for very special types of problems. The analysis
approach is based on the economic concept that consumer behavior will respond to changes in the characteristics of
the product or service being offered. Thus, the elasticity of demand with respect to price refers to the change in demand
when price either goes up or down. In general, as price increases, demand should go down, and vice versa. Demand
elasticity analysis is most useful when one is dealing with transportation services or products where a relationship
between service characteristic and travel demand is clear, such as, what happens to transit ridership when fares are
raised? Or what happens to transit ridership when more frequent service is provided? Or what happens to parking
demand when parking fees are applied?

Some important terms for demand elasticity analysis include: [Meyer and Miller, 2014]

Direct Elasticity. Direct demand elasticities are those that involve variable relationships relating “directly” to
the demand in question. In other words, there is assumed to be a direct causal relationship between the two. If the
price of parking goes up, parking demand goes down ... a direct linkage between cause and effect. The elasticity
of transit demand with respect to transit fare, transit travel time, transit service headway, and so on, would all be
direct elasticities. The demand elasticity is considered elastic if a 1 percent change in any variable produces more than
a 1 percent change in demand. The demand elasticity is considered inelastic if a 1 percent change in any variable
produces a less than 1 percent change in demand. A demand elasticity is considered unit elastic if a 1 percent change
in any variable produces a 1 percent change in demand.
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Table 6-6. Examples of Primary and Secondary Model Validation Tests

lanes, area types, speeds,
capacities)

e Network connectivity

e Transit run times

e
=]
g
g Primary Tests Secondary Tests Potential Validation Data Sources
g
QO
¢ Correct distance and speeds on e Intrazonal travel distances ¢ GIS centerline files
links (model design issue)
e Transit on-board or household
¢ Network topology, including e Zone structure compatibility survey data
balance between roadway network with transit analysis needs
§ detail and zone detail (model design issue)
3
N e Appropriateness of zone size given | ¢ Final quality control checks
£ spatial distribution of population based on review by end users
g and employment
g e Transit paths by mode on
Z e Network attributes (managed selected interchanges

e Locations of special generators
¢ Qualitative logic test on growth
¢ Population by geographic area

¢ Types and locations of group
quarters

¢ Frequency distribution of
households and jobs (or
household and job densities) by
TAZ

Socio- economic Data/Models

¢ Houscholds by income or auto
ownership

¢ Jobs by employment sector by
geographic location

¢ Duwelling units by geographic

location or jurisdiction

¢ Households and population by
land-use type and land-use
density categories

e Historical zonal data trends
and projections to identify
“large” changes (for example,
in autos/household from 1995
to 2005)

e Census data

¢ Quarterly Census of
Employment and Wages

e DPrivate sources, such as Dun &
Bradstreet

¢ Reasonableness check of trip rates

¢ Checks on proportions or rates

e NCHRP 716

e External station volumes by
vehicle class

g versus other areas of nonmotorized trips )
£ e Travel counts (or intercept
g ¢ Logic check of trip rate ¢ Reasonableness check of tour survey data) for cordon lines
g relationships rates o
o) ¢ Historic household survey data
= ¢ Cordon lines by homogeneous for region
= land-use type ]
¢ National travel surveys
e Trip length frequency e Area biases (psychological ¢ National freight flow data
distributions (time and distance) barrier, for example, river)
by market segments * NCHRP 716
= o
8 ¢ Use of k-factors (design issue) )
g e Worker flows by district . ] e Travel counts (or Intercept
= e Comparison to roadside survey data) for screenlines
] . . . . . . . . . .
2 e District-to-district flows/desire intercept origin destination o
) lines surveys e Historic household survey data
o for region
£ ]
= e Intrazonal trips ¢ Small market movements

e Special groups/markets

¢ Balancing methods

¢ National travel surveys
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Table 6-6. (Continued)

o
]
g
é_ Primary Tests Secondary Tests Potential Validation Data Sources
)
O
e Time of day versus volume e Cordon counts e DPermanent travel recorder data
£ peaking ) )
a s e Market segments by time of e National travel surveys
b E ¢ Speeds by time of day day o
o H ¢ Historic household survey data
é < for region
e Transit boarding count data
e Mode shares (geographic level/ e Input variables e Travel counts and transit (or
market segments) ) ) intercept survey data) for
e Mode split by screenlines screenlines
¢ Check magnitude of constants o
and reasonableness of parameters | * Frequency distributions of key | o National Census data
variables
° e District-level flows e NCHRP 716
.Sa’ e Reasonableness of structure
3 e Sensitivity of parameters to LOS ) e Transit on-board survey data
p variables/elasticities ° Mar'ket segments by transit )
3 service e National travel surveys
E . « . »
e Existence of “cliffs” (cutoffs on | e Household survey data
continuous variables) (separate from data used for
) o model estimation)
¢ Disaggregate validation
comparing modeled choice to
observed choice for individual
observations
o ¢ Major station boardings e Kiss-and-ride demand e Transit boarding counts
(7]
g ¢ Bus line, transit corridor, e Transfer volumes at specific ¢ Transit on-board survey data
o screenline volumes points )
é’ e Special surveys (such as
- e Park-and-ride lot vehicle demand | ¢ Load factors (peak points) parking lot counts)
o
@
g e Transfer rates e Transit schedules and schedule
= ) ) adherence checks
e ‘Transit run times
e Assigned versus observed vehicles | ¢ Sub-hour volumes e DPermanent travel recorders
by screenline or cutline )
e Cordon line volumes e Travel count files
¢ Assigned versus observed vehicles
speeds/times (or vehicle hours o Re'flsonable bounds on e HPMS data
assignment parameters ) )
= traveled) e Special speed surveys (possibly
g o Assigned versus observed vehicles | ¢ Available assignment collected using GPS-equipped
g (or vehicle miles traveled) by parameters versus required vehicles)
én direction by time of day assignment parameters for
=< policy analysis
:‘>; e Assigned versus observed vehicles
= (or vehicle miles traveled) by D Modeled versus observed route
functional class choice (based on data collected
using GPS equipped vehicles)
e Assigned versus observed vehicles
by vehicle class (for example,
passenger cars, single-unit trucks,
combination trucks)

Source: As reported in CDM Smith et al., 2014, Reproduced with permission of the Transportation Research Board.
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Indirect or Cross Elasticity. Indirect or cross elasticity typically relates to the effect on the demand for other
modes of travel when some characteristic of the target mode is changed. The elasticity of transit demand with respect
to changes in automobile parking prices or road tolls would be an example of a cross elasticity. In other words, if
parking prices go up, parking demand will go down (the direct relationship). However, some of the former parkers
will now use transit (the secondary relationship).

Short-Term Elasticity. The change in demand over the short term (usually defined as two years) reflects the
immediate response to changes in price and does not take into account longer-term decisions (such as auto ownership)
that might be taken by a household in response to a price change.

Long-Term Elasticity. The change in demand over the long term (usually defined as 5 years or more) reflects
the longer-term decisions that households might make in response to a price change (such as ownership or vehicle
technology choice, house location and/or lifestyle changes). Long-term elasticity might be influenced by a threshold
level, that is, price elasticity may not be the same for large as compared to small changes in underlying price.

Shrinkage Ratio. If one assumes a linear demand function, one can easily estimate the change in demand by
applying the slope (or elasticity) of the demand curve. This is called a shrinkage ratio. For example, assuming an
elasticity of —0.50 and a 10 percent increase in price, one would expecta (—0.5 X 0.1 = —0.05) or 5 percent reduction
in demand.

Arc Elasticity. In reality, most demand curves are not linear (see Figure 6-1), and a price elasticity represents the
percent change in demand with respect to a 1 percent change in price. So using the preceding example, a 10 percent
increase in price really represents ten 0.5 percent reductions. For those familiar with engineering economy, this can
be denoted as an effective interest rate over 10 interest periods of (1 + 0.005)!° = 1.0511, or a reduction from an
original amount of 1/(1.0511) = 0.9514, or a 4.86 reduction, which is smaller than the 5 percent estimate obtained
with the shrinkage ratio. Given the variation in the demand curve at the ends of the function, the change in quantity
should be approximated by a midpoint formulation based on the average value of each independent variable.

Assuming an arc elasticity midpoint formulation, the following equations can be used to determine either quantity
or price given a change in the other variable and an estimated arc elasticity e.

(Q = Q) (P + Py)

(P, = P)(Q) +Qy)

p= P, Q1(_€—1)+Qz(f_+ 1) 62)
Qle—1)+ Qe+ 1)

PG—1)= PG+ 1)

R XS I X ) -3

(6-1)

e=

Litman [2013] notes several studies that have produced demand elasticities. Table 6-7, for example, shows a range
of elasticities of vehicle travel with respect to fuel price. In addition, he makes the following general observations
concerning travel demand elasticity:

 Higher-value travel, such as business and commute travel, tends to be less price sensitive than lower-value
travel.

e Wealthy people tend to be less sensitive to pricing and more sensitive to service quality than lower-income

people.

e Prices tend to affect consumption in proportion to their share of household budgets.

e When there are good or easy substitutes available for a good/service, the elasticity is likely to be greater (in
absolute terms).

¢ Consumers tend to be more responsive to price changes they consider durable, such as fuel tax increases,
compared with oil market fluctuations perceived as temporary.

e Pricing impacts tend to increase over time. Short-run (first year) effects are typically a third of long-run (more
than five years) effects.

o Travel tends to be more price sensitive if travelers have better options, including different routes, modes, and
destinations.
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Table 6-7. Examples of the Range of Elasticities of Vehicle Travel with Respect to Fuel Price, Various Studies

Johannson and | Summary of various previous International —0.2 long run
Schipper studies 1929 to0 1991, mostly North —0.1 short run
America and Europe —0.3 long run
Schimek 1950 to 1994 time series and —0.26
1988 to 1992 pooled data, U.S.
Small and Van Vehicle travel elasticity with 1966-2001, U.S. —0.047 short run
Dender respect to fuel price, —0.22 long run
comprehensive model 1997 to 2001
—0.026 short run
—0.121 long run
Hymel, Small State-level cross sectional time 1966-2004, U.S. —0.026 short run
and Van Dender | series gasoline price elasticities; —0.131 long run
comprehensive model
Li, Linn and Vehicle travel with respect to fuel | 1968-2008, U.S. —0.24 to —0.34
Muchlegger price; comprehensive model
Brand Gasoline price elasticities 2007-2008, U.S. —0.12 to —0,17 short run
—0.21 to —0,30 long run
Gillingham Odometer and fuel consumption | 2005-2008 California —0.15 to —0.20 medium
data; comprehensive model run, varies by vehicle type
and location

Source: Litman, 2013, Reproduced with permission of Todd Litman.

Table 6-8. Typical Midpoint Arc Elasticities, Changes in Transit Service

Item Travel Time Bus Miles Bus Frequencies
New routes, replace or
Application | complement existing routes | Service expansion | Greater frequency of existing routes
Range —0.3 0 —-0.5 0.6t0 1.0 0.3t 0.5
Typical -0.4 0.7t 0.8 0.4

Source: Kittelson, 2007, Reproduced with permission of the Transportation Research Board.

o Travelers tend to be particularly sensitive to visible and frequent prices, such as road tolls, parking fees, and
public transit fares.

e How fees are promoted, structured, and collected can affect their impacts.
Table 6-8 shows some typical elasticity values for changes in transit service characteristics.

See Litman [2013] and FHWA, https://www.thwa.dot.gov/asset/hersst/pubs/tech/tech11.cfm, for a good overview of
elasticity analysis.

B. Travel Demand Models

Travel demand models can generally be divided into two categories. The first includes models using a four-step analysis
process, which is perhaps the most commonly used approach. The second category includes techniques used to model
individual trip makers’ activities during a given travel time period; these are referred to as activity-based models. Over
the years, the techniques associated with four-step models have dramatically improved, yet there remains a fundamen-
tal limitation—the decision-making process associated with individual travel behavior is not well-represented in the
structured approach to trip-making found in four-step models. The need to better reflect the range of individual travel
decisions and intrahousehold interactions has motivated the development of activity-based modeling. Activity-based
models estimate travel demand based on a basic premise—the demand to accomplish personal activities during the
day (for example, work, school, personal business, on so forth) produces a demand for travel that is often connected
(for example, trip chaining).
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The transition from conventional four-step models to activity-based models is occurring in many of the larger
metropolitan areas in the United States, although the transition has faced some challenges. The data requirements for
both model types are very different. New models usually require the collection of new data to develop and validate
the model against existing travel volumes. Data collection is always a large budget item and thus many agencies
hesitate to embark upon a new modeling regime. This is an important issue for activity-based modeling. In contrast
to the four-step data collection methods, such as household travel surveys and use of census data, activity-based
models require detailed information on the daily activities of representative travelers. This type of information is
often collected with trip diaries, which is a much more involved method of data collection than traditionally required
in the four-step process (see chapter 2 on data collection).

The following sections describe the four-step modeling approach, followed by tour-based models (a transition model
form to activity-based models), and activity-based models. Space does not allow a detailed discussion of the theory
and mathematical foundations of travel demand modeling. For more information on these concepts, refer to [Goulias,
2003; Ortuzar and Willumsen, 2011; and Meyer and Miller, 2014]. In addition, most MPOs have placed on their
agency websites background and explanatory information on the demand models used to forecast travel in their
study area. Readers are encouraged to examine such information for more detailed information regarding demand
modeling applications.

1. Four-Step Models
Traditional travel demand modeling consists of four sequential steps: trip ~ Figure 6-5. The Four Steps in Tradi-
generation, trip distribution, mode choice, and trip assignment. These tional Travel Demand Modeling
four-step models answer the questions: How many people travel? What are .

> Wh | d d> Wh Population and
the travel patterns for the study area at travel modes are used: at | Employment Forecasts,
trip paths will be followed through the transportation network? Figure 6-5  |Land-use Patterns
shows the general framework for a four-step modeling system. Although the
four steps have remained the major structural form for modeling since the
1950s, the methods and approaches used to perfo.rm ea.ch of the steps hfwe [[Trip Generation |
matured through the years. However, model sophistication varies by region
size, budget constraints, and the knowledge and depth of technical staff.

J

Trip Distribution

Figure 6-5 begins with population, employment, and land-use forecasts, Transportation
which are often provided by other agencies or staff within a planning agency. Mode Split Negwork and
Chapter 3 describes typical approaches for providing this input into the Atributes

transportation planning process. The box “Transportation Network and Ser-
vice Attributes” relates to the discussion earlier on network representation.

Trip Assignment

Trip Generation. The generation of trips, either from a point of origin
or attracted to a destination, is one of the most important components of Link and O-D
travel demand modeling (see chapter 3 on land use and urban design and Flg\(l)vsst,STI’reT:ss,
chapter 19 on site planning and trafhc impact analysis). The number of trips

generated by each unit of land or type of activity varies according to social,

economic, geographic, and land-use factors. Comprehensive studies include estimating both trip productions and trip
attractions. Trip productions relate to the home end of the trip, while trip attractions relate to employment or other
non-home ends of the trip. Normally, trip productions serve as the control total to which aggregate trip attractions
are adjusted.

State, regional, and local transportation agencies often compile their own trip generation rates used in their study areas.
Some of these rates are based on local surveys of different types of land use. Many of these analyses have focused on
vehicle-related person trips (vehicle driver, vehicle passenger, transit passenger). However, more recent analyses have
also included pedestrian and bicycle trips. Thus, a clear definition of the specific trips included in the trip generation
analysis is essential.

Trip generation relationships to land-use characteristics are established either by regression techniques or through
cross-classification (or category) analysis. Household trip generation is usually a function of median income per family,
household size as well as automobile ownership and availability. Other factors may include net residential density and
distance from the city center. Rates (or relationships) are normally derived for total trips and for key trip purposes such
as home-to-work. They are computed for a 24-hour period or for peak hours. A typical trip generation rate analysis
such as that shown in Table 6-9 gives daily person-trips per household as a function of auto ownership and family
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Table 6-9. lllustrative Trip Generation Rate Analysis

Trip Generation Rates
Person Trips per Household per Day

Autos per Dwelling Unit

Persons per Dwelling Unit | 0 1 2 3+
1 2.8 | 3.1 3.6 -
2 51| 6.1 7.9 -

3 6.8 | 9.2 10.2 14.5

4 8.0 | 10.2 | 13.6 18.5

Table 6-10. Typical Zonal Trip Attraction Rates

Number of MPO Employment

Models Summarized | Households® | School Enrollment? | Basic® | Retail? | Service® | Total
All Person Trips

Home-based Work
Model 1 16 | \ | | 12
Home-based Nonwork
Model 1 2 1.2 1.4 0.2 8.1 1.5
Model 2 8 2.4 1.1 7.7 0.7
Model 3 2 0.7 0.7 8.4 3.5
Nonhome-based
Model 1 5 0.6 0.5 4.7 1.4
Model 2 8 1.4 6.9 0.9
Motorized Person Trips
Home-based Work
Model 1 8 \ ] | 1.2
Home-based Nonwork
Model 1 1 0.4 1.1 0.6 4.4 2.5
Model 3 4 1.0 0.3 5.9 2.3
Nonhome-based

Model 1 6 0.6 | 07 | 26 | 10 |

aNumber of households in a zone
Number of elementary, middle school, high school, and college/university students in a zone

“Employment in two-digit North American Industry Classification System (NAICS) codes 1-42 and 48-51 (Standard
Industrial Classification (SIC) codes 52-59

4Employment primarily in NAICS codes 44-45 (SIC codes 52-59)
¢Employment primarily in NAICS codes 52-92 (SIC codes 60-97)

Source: Cambridge Systematics, Inc. et al., 2012, Reproduced with permission of the Transportation Research Board.

size (income could be used as an alternate to car ownership). As shown in Table 6-9, two-person households with two
cars would generate on average 7.9 person trips per day.

Typical trip attraction rates are shown in Table 6-10, summarized from a study of travel forecasting techniques in
National Cooperative Highway Research Program (NCHRP) Report 716: Travel Demand Forecasting: Parameters and
Techniques. [Cambridge Systematics, Inc. et al., 2012] Trip attractions are keyed to factors such as floor space, hospital
beds, employees, and stadium seats. In comprehensive studies, various types of employment are commonly used to
obtain trip attraction rates. From Table 6-10, the number of nonhome-based person trips attracted to a zone using
model 1 would be 0.6 X number of households in the zone + 0.5 X basic employment + 4.7 X retail employment +
1.4 x service employment.
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Most trip generation models use cross-classification or linear regression to estimate the number of productions (trips
produced by a zone) and attractions (trips attracted to a zone). Trip productions are typically expressed in units of
trips per household or zone, while attractions usually relate to variables associated with employment or commercial
activities (for example, the number of employees or retail square footage). Whether trip attraction model parameters
are estimated from local data or are transferred from another study area, they are usually derived from household
survey data. Commonly, linear regression equations are used to estimate the parameters, such as the coefhcients in
linear regression equations at an aggregate level such as districts (groups of zones).

Both productions and attractions are estimated for different trip types. The most common trip types are home-based
work (home to work or work to home), nonhome-based (for example, work to/from shopping) and home-based other
(for example, home to/from shopping). This latter category is often defined for special trip generators. In Atlanta and
Dallas-Ft. Worth, for example, the travel demand model has a special trip generation module for trips to the airport.

Defining a larger number of trip purposes and types for trip generation is one of the major changes in trip generation
modeling over the past several years, which also reflects a more complex travel behavior of today’s travelers compared
to those of 30 years ago. With greater definition or segmentation of trip types, presumably better trip generation
rates can be estimated. In Chicago, for example, the planning agency has developed an expansive list of trip purposes
with trip generation rates produced for 11 different purposes, and separate trip generation rates estimated for adult
workers and nonworkers for home-based shop and home-based other trips. Thus, for each trip purpose, trip rates for
key market segments are usually estimated separately. Market segments for productions are usually defined by variables
such as the number of autos per household, household income, and/or household size.

Person and vehicular trip rates for specific activities can be obtained by drawing a cordon around the activity under
consideration and then counting the number of people entering and leaving by time of day and by mode of travel.
In urban settings, people counts are essential in transportation studies, especially in the city center. For free-standing
suburban developments, vehicle trip rates will usually be sufficient (see chapter 2 on data collection).

Other chapters in this handbook provide more detail on how trip generation data are used in different types of
transportation studies. In addition, the Institute of Transportation Engineers sponsors a trip generation website with
up-to-date information (see http://www.ite.org/tripgeneration/otherresources.asp).

Trip Distribution. Trip distribution translates the zonal productions and attractions derived during the trip gener-
ation step into origins and destinations, and identifies the impedance (for example, travel time or travel cost) for each
origin-destination pair for all zones in the study area. The output of the trip distribution step is an origin-destination
(O-D) trip table for all trips by trip purpose.

The gravity model or variants of it are still the most widely used technique for trip distribution. It assumes that the
number of trips from zone 7 to zone j is directly proportional to the product of trip productions in zone 7 and trip
attractions in zone j, and inversely proportional to a friction factor (a function of impedance) between the two zones
(which is the basic concept of the Law of Gravity, hence the name). Impedance captures elements of the spatial separa-
tion for two zones and can be represented as travel time, cost, distance, or some composite (referred to as a generalized
cost function). It is also common to estimate a gravity model for each travel purpose because trip distribution char-
acteristics can vary by purpose of travel. Socioeconomic adjustment factors (or K-factors) are sometimes specified as
adjustments to impedances. In general, it is difficult to justify the use of K-factors, yet MPOs have continued to rely
on them as a way of improving model fit.

Equation 6-4 shows the mathematical formulation of the gravity model.

P Afxf(tij)x sz’j

=P

i i
DA % fay)x Ky
]/

(6-4)

Where:

TZJP = Trips produced inzone 7and attracted tozone;

PP = Production of trip ends for purpose pinzone i

AjI.) = Attraction of trip ends for purpose pinzonej

ff,j = Friction factor, afunction of the travel impedance between zone 7and zonej

K;; = Optional adjustment factor used to account for factors other than travel impedance
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Figure 6-6. Home-based, Nonwork Trip Distribution Gamma Functions, by Metropolitan Area
Size
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Source: Cambridge Systematics, Inc. et al., 2012, Reproduced with permission of the Transportation
Research Board.

In some recent models, trip distribution uses a multinomial logit choice model of the attraction location (for a descrip-
tion of logit models, see the following section on mode choice). In this case, the alternatives among which a traveler
chooses are the attraction zones themselves, and the utility functions that define the level of attractiveness for each
zone include travel impedance and the number of attractions in the zone.

Formulating the friction factors, or the travel impedance between every zone, is an important step in the use of the
gravity model. Three major approaches are used in practice. The first simply assumes that the friction factor is a
measure of travel time between the zones usually with an exponent. The second adopts an exponential formulation
where the friction factor is 1/exp"™* . A third formulation assumes a Gamma distribution with scaling factors used
to provide the best fit for the distribution (see Cambridge Systematics, Inc. et al., 2012). Such friction factors are
usually formulated by trip purpose as shown in Figure 6-6. Readers are referred to [Cambridge Systematics, Inc. et al.,
2012] for more detail on the trip distribution model step.

Mode Choice. Mode choice models are used to predict the number of trips that will use each of the available modes
for origin-destination pairs. Modes can include, for example, auto, premium transit, local transit, ridesharing, and
walking. Discrete choice models, such as multinomial logit and nested logit models, are the predominant modeling
approach used in practice. The most widely used discrete-outcome modeling approach is the multinomial logit model,
which is based on the concept of utility. This approach assumes that individual travelers assign a utility to each of the
available modes, where utility is defined as: U= V' + ¢, where Vis the systematic utility (that is, an equation consisting
of known variables and their values) and e is an error term. The error term represents those variables that are not in
the data set or that are perhaps unknown to the planner, but that affect an individual’s choice among alternatives. For
example, some drivers avoid a short path to their destination simply because they do not want to drive on freeways,
which are perceived as being unsafe. This type of behavioral factor is not likely found in any database, but could affect
the probability that some travelers will not follow the least-time path.

The systematic utility, that is, the value of V, is most often represented as a linear equation. Some examples include:

V' = -0.030 X (In-vehicle time) — 0.075 X (Out-of-vehicle time) — 0.0043 X (Travel cost)

V = -0.019 X (In-vehicle time) — 0.058 X (Walk time) — 0.081 X (First wait time) — 0.040 X (Transfer time)
—0.0072 X (Travel cost)

Each mode alternative would have its own systematic utility function that has been estimated based on the trip
characteristics faced by travelers that have actually made trips. If actual trip data are unavailable, the utility model
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coefficients can be estimated from surveys. Depending on the number of mode alternatives available to trip makers,
there would be a utility function for auto, shared ride auto, different types of transit and pedestrian/bicycle trips, and
any other mode that is considered an option for an individual traveler.

The systematic or measurable utility, V; does not take into account the randomness often associated with individual
travel decisions (the “¢” value in the systematic utility equation). If “¢” is treated as a random variable, one can then
develop an equation assuming an underlying distribution for this random variable that predicts the mode an individual
will choose among a set of modes that are available for the trip. Research has shown that a Type II Gumbel distribution
for this variable provides the most usable form of an equation (called a logit equation) that predicts mode choice, as
formulated in Eq. 6-5.

eV

P

n

(6-5)

Vi

Zﬁ;r all alternatives € "

Where:

P, = Probability of choosing mode 7

V,, = Measurable utility of mode 7

7' = number of alternatives available for the trip
¢ = base logarithmic ¢

As an example, suppose the systematic utility function has the following form, with the definition of each variable
and the respective values for both auto and bus shown in the table:

Vmode = dmode — ﬂIXI - dZXZ - 43X3 - £Z4X4

X; = Access time | X, = Transfer time | Xj = Travel time | X; = Cost (cents)
Auto 5 0 20 250
Bus 15 10 35 75

The utility function values for both auto and bus, where the coefficients have been provided, are as follows:

Vo = —0.02 — 0.025(5) — 0.05(0) — 0.15(20) — 0.016(250) = —7.145
Vise = —0.90 — 0.025(15) — 0.05(10) — 0.15(35) — 0.016(75) = —8.225

Assume as well that there are 15,000 trips between zone 7 and zone j. Using Eq. 6-5, the probabilities of an individual
choosing auto or bus, and the estimated number of auto and bus trips, are:

o 6_7'145
Probablhty Auto = m
Probability Auto = 0.75
# of Auto Trips = 0.75 X 15,000
Auto Trips = 11,250 Trips

- ;8225
Probablhty Bus = W
Probability Bus = 0.25
# of Bus Trips = 0.25 x 15,000
Bus Trips = 3,750 Trips

In practice, the use of discrete choice models has revolutionized the way user choices can be modeled. Perhaps the
most significant development has been the expansion of the mode types now included in the choice set of most MPO
models, and the variables used as measurable characteristics of a household’s and individual’s satisfaction with the
available mode choice set.
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A typical mode choice model is estimated for different trip purposes, at a minimum home-based work, home-based
nonwork and nonhome-based, with available modes defined by trip purpose. For example, the Denver Regional
Council of Governments assumes five modes are available for home-based work: drive alone, shared ride 2, shared ride
3+, transit walk access, and transit drive access. For home-based, nonwork trip purposes, the available modes are auto,
transit walk access, and transit drive access. Usually, home-based work models are estimated separately for different
market segments as well, such as low-, middle- and high-income groups. Sometimes, models provide geographic
segmentation with alternative-specific constants for different geographic markets.

The multinomial logit model described earlier assumes that each of the alternatives available to a traveler can be defined
with alternative-specific characteristics. Research has shown, however, that many of these alternatives are perceived
by the travelers as having similar characteristics and that instead of being viewed as independent alternatives they
are bundled into different categories of alternatives. The logic is that a traveler’s first decision is between high-level
characteristics, for example, travel time or perceived comfort, and that subsequent mode choice decisions then lead to a
more specific choice on how to travel. This research has led to nested logit models. Figure 6-7 illustrates the concept of
nested logit models. As shown, the model assumes that a traveler choosing to use a motorized mode of transportation
will first decide to use either auto or transit. Once that choice is made, the traveler can then decide which form of
auto or transit mode will be selected. For the auto choice, the traveler can choose single-occupant vehicle (SOV) or
high-occupancy vehicle (HOV). If the HOV mode is chosen, the traveler then has the choice of 2 persons, 3 persons,
or 4+ persons in a rideshare vehicle. For transit, the traveler has a choice of accessing transit by walking or driving, and
the walk or drive access mode is also differentiated by whether the transit service being accessed is a local or premium
service. Each of these “modal” decisions has associated with it utility functions describing the alternatives available to
the traveler.

Another major reason for using nested choice models is to help overcome the irrelevance of independent alternatives
(ITA) concept found in logit mode choice models, which can potentially cause erroneous results when new modes are
introduced into the choice set (say, a new transit mode). In essence, this result says that this new transit mode would
be treated as another new mode (and thus attract trips from the existing modes) even though it might have similar
characteristics to modes already available, which in reality would not make it as attractive as a stand-alone mode. By
putting the new mode in the first tier of a nested model, this effect is reduced.

A nested logit model is often used to better represent substitution patterns. For example, an improvement in the level
of service of one alternative will proportionally draw more share from alternatives in that nest than from alternatives
not in the nest. As shown in Figure 6-7, an improvement in the drive access time for premium transit is expected to
proportionally draw more riders from those driving to use local transit (as these alternatives are in the same lower-level
nest). In addition, greater substitution will be observed among the other transit modes (walking to local and premium
transit) than auto modes.

Finally, it is worth noting that there are a few MPOs that have a combined mode-destination choice model, which
combines mode choice and trip distribution decisions into one discrete choice model.

Figure 6-7. lllustrative Nested Mode Choice Model

Motorized
Person Trips
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Travel Demand and Network Modeling ® 225



Trip Assignment (Route Choice). Trip assignment results in an estimated demand on each of the network links.
Link attributes (for example, road or transit line capacity, link length, speed limits, turning restrictions, and travel
signals) are represented in the network database and are used to calculate the “cost” of using the link. In its simplest
form, this can be measured using the average travel time to traverse the link, or in more sophisticated network models,
a generalized cost function is used. In both cases the network assignment models assign trips through the network to
minimize the time or cost of travel.

Generally, the process is done separately for highway and transit network assignment. The two networks are related
in that congested highway travel times should be used to estimate bus performance, assuming that buses are not
provided with preferential treatment on the road network. Highway network assignment focuses on auto vehicle trips
and can model trip makers’ network paths using approaches such as all-or-nothing, incremental, capacity-restrained,
user equilibrium, and system optimum assignment. In current practice, almost all large MPOs use the user equilibrium
method in highway network assignment. This method is based on the behavioral assumption that users will choose
routes that minimize their own generalized travel cost. Equilibrium occurs when no users can reduce their travel costs
by switching routes. Transit assignment uses variables specific to transit link performance such as transit fare, stop or
station transfers, waiting times, and trip times.

Most contemporary trip assignment models use similar approaches: (1) a static user-equilibrium assignment algorithm;
(2) a multiple-time-period assignment for multiple classes (for example, drive-alone, rideshare, and bike/walk); (3) an
iterative feedback loop mechanism between, at a minimum, the network assignment step and the trip distribution
step; (4) separate specification of facilities like HOV and high-occupancy toll (HOT) lanes; and (5) independent

transit assignment using congested highway travel times to estimate a bus ridership assignment.

One of the most important elements of the assignment process is the construction of link performance functions. This
is often where models begin to distinguish themselves. A link performance function (often a volume-delay function
for roads) defines the relationship between speed and travel flow on a roadway segment and is used to estimate travel
time or cost in the trip assignment procedure. The function can be linear, polynomial, exponential, hyperbolic, or
a conical specification. For many years, the most commonly used function was the Bureau of Public Roads (BPR)
equation—or a simple modification of it—that represented generalized travel costs. This equation estimated travel
time on a link as being the free-flow travel time (no congestion) plus a factor that represented an increase in travel
time as the link became more congested, usually represented by the link volume/capacity ratio raised to some exponent.
However, as more experience with network operations and traffic flows occurred, planners found out that much of the
delay in urban road networks occurred at intersections with conflicting and opposing traffic flows causing much of
the delay. Volume-delay functions did not easily capture this phenomenon, and thus many of today’s trip-assignment
models incorporate delay relationships that have been developed from research and practical experience, with the basic
concepts coming from the Highway Capacity Manual.

Time-of-Day Factors. As a final note in this section, the traditional four-step modeling process divides the day into
modeling periods to better reflect capacity constraints likely to occur during peak travel periods, such as a.m. peak or
p.m. peak periods. The factor defined for each modeling period is usually referred to as a time-of-day factor and is
used to determine the proportion of total daily trips occurring in a specified hour or modeling period. Such factors
are usually estimated separately by trip purpose.

Time-of-day factors should be independently derived and a variety of sources can be used, depending on where in the
four-step process the time-of-day factors are applied. If the time-of-day factors are applied after network assignment,
travel data (for example, volume counts) can be used to develop the hourly or period proportions. Alternately, if the
time-of-day factors are applied prior to network assignment, household surveys can be used to derive the appropri-
ate proportions. There are also a number of emerging techniques, such as departure choice models, that provide a
more sophisticated approach toward time-of-day modeling (for a good discussion of time-of-day factor methods, see

[Cambridge Systematics, 1997]).

2. Activity-Based Models

Four-step models have a number of limitations, most notably the lack of a strong behavioral framework that consis-
tently represents human decision making throughout the modeling process, and a reliance on zonal averages for many
key variables. Activity-based models overcome many of the theoretical deficiencies associated with the conventional
four-step models. By directly considering the linkages among different trip purposes that a traveler might accomplish
during a typical trip-making time period, an activity-based model can provide a greater sensitivity to transportation
policies relating to travel behavior. Activity-based models provide good approaches for estimating the effect on travel
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behavior of policies relating to land use, congestion pricing, parking costs, travel subsidies, and travel demand manage-
ment strategies. [TMIP, 2012] Davidson et al. [2007] identified three key components of any activity-based approach,
including: (1) an activity-based foundation with household activities as the starting platform, (2) a tour-based struc-
ture that retains associations between individual household activities, and (3) the use of micro-simulation tools to
preserve a disaggregate modeling approach. As they note, a model can have one or all of these features at any given
time in its evolution, that is, the components are relatively independent of one another.

The Strategic Highway Research Program (SHRP), Phase 2 primer on activity-based models is an excellent source of
information on this type of modeling. [Castiglione et al., 2015] This material will not be repeated here. However,
there are several observations in the primer that warrant some attention. Table 6-11, for example, shows the major
differences between four-step and activity-based models in the form of questions that the planner must ask as part of
the analysis. Table 6-12 indicates the differences in detail and the level of policy sensitivity of model results. As seen,
activity-based model results provide a much higher level of detail spatially and temporally, as well as at the person and

household levels.

Activity-based models are usually part of a much larger integrated modeling system that includes the following
components:

 Population synthesis models create detailed, synthetic representations of populations of individuals within
households (agents) whose choices are simulated in activity-based models.

o Activity-based travel demand models predict the long-term choices (such as work location and automobile
ownership) and the daily activity patterns of a given synthetic population, including activity purposes, loca-
tions, timing, and modes of access.

e Auxiliary models provide information about truck and commercial travel, as well as special purpose travel
such as trips to and from airports or travel made by visitors.

e Network supply models are tightly linked with activity-based demand models. The flows of travel by time of
day and mode predicted by activity-based travel demand models and auxiliary models are assigned to roadway,
transit, and other networks to generate estimates of volumes and travel times. Measures of impedance output
from network supply models are usually used as input to activity-based models and other integrated model
components. [Castiglione et al., 2015]

In some of the early applications of activity-based models it was found that the data requirements are much greater for

such models than the traditional trip-based models. Figure 6-8 shows the basic structure of the model components.
Table 6-13 shows the types of data input for activity-based models, the use of that data, and typical sources. As seen,

Table 6-11. Travel Questions and How They Are Handled in Demand Models

Key Travel Questions Trip-Based Model Components | Activity-Based Model Components
What activities do people want to participate in? | Trip generation Activity generation and scheduling
Where are these activities? Trip distribution Tour and trip destination choice
When are these activities? None Tour and trip time of day

What travel mode is used? Trip mode choice Tour and trip mode choice

What route is used? Network assignment Network assignment

Source: Castiglione et al., 2015, Reproduced with permission of the Transportation Research Board.

Table 6-12. Characteristics of Different Model Types

Model Type Spatial/Temporal Detail | Person/Household Detail | Policy Sensitivity | Run Time | Cost
Sketch Planning | Low Low Low Low Low
Strategic Planning | Low—Moderate Low—High Moderate-High | Low Low
Trip-Based Low—Moderate Moderate Moderate Moderate | Moderate
Activity-Based Moderate-High High Moderate-High | Moderate | Moderate

Source: Castiglione et al., 2015, Reproduced with permission of the Transportation Research Board.
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Table 6-13. Data Used in Activity-Based Models by Purpose and Source

Item Use Source
Household survey Model estimation Local data collection of the National
Calibration targets Household Travel Survey
Land use Synthetic population generation U.S. Census
Activity generation Business databases
. . Tax assessors data
Location choice |
Regional land use data
School departments
Demographic Synthetic population U.S. Census
All component models Regional demographic forecasts
Network Transportation network geometries | GIS databases
Transit agencies
Public works agencies
Calibration and validation | Model calibration and validation Count databases
Highway performance monitoring
Transit agency reporting

Source: Castiglione et al., 2015, Reproduced with permission of the Transportation Research Board.

many of the data uses described earlier in this chapter for four-step
models are found in activity-based models as well. A number of
activity-based models have been developed since the 1990s that
address a range of specific travel-related issues, but it is really in the last
decade that implementation of activity-based models for travel fore-
casting has accelerated markedly. Among the U.S. regions using some
form of activity-based travel demand modeling are Atlanta; Colum-
bus, Ohio; New York; Portland, Oregon; and San Francisco.

Unlike a four-step model that estimates individual trips, an
activity-based model uses “tours” as a way of estimating trip-making.
Castiglione et al. [2015] define a tour as a “series of trips beginning
and ending at home or work anchor location. By modeling deci-
sions on a tour basis, there is an enforced consistency between the
outbound and return portions of the tour, so that a mode chosen
to go to work conditions the mode available for the return home.”
The types of activities that constitute a tour can vary widely, and
most activity-based models examine one or more of the following
activities: at home, work at home, work (at workplace), school
(K-12), university/college, personal business/medical, shopping, eat
meal, social/recreational, and escort passenger. An example of two
tours (the work to lunch to work tour is considered a subtour) is
shown in Figure 6-9. Note that in a four-step model, the trips shown
in this figure would have been modeled as one home-based-work
trip, two nonhome-based other trips, one nonhome-based shopping
trip, and one home-based shopping trip.

Figure 6-8. Integrated Model Structure with
Activity-Based Modeling Component
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Castiglione et al., 2015, Reproduced

with permission of the Transportation Research

Board.

The output of most activity-based models is an origin-destination matrix, which

is then provided as input to a trip assignment model.

Atlanta Regional Commission (ARC) Activity-Based Model Example. The
ARC decided to develop an activity-based model in order to provide an analysis
capability that better reflected travel behavior in the region. [ARC, 2014] Key

characteristics of the ARC approach include:

1) The model’s zonal system consisted of 2,027 zones, which were sub-
divided into three categories of transit access: 7 minutes or less walking
to transit, 13 minutes or less walking to transit, and no walking to transit. This resulted in 6,081 subzones.
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2) Trip decision makers in the model system included both persons and households. These decision makers are
created (synthesized) for each simulation year based on tables of households and persons from 2,000 pieces
of census data and forecasted TAZ-level distributions of households and persons by key socioeconomic
categories.

3) Eight person-types were used, with each person-type mutually exclusive with respect to age, work status,
and school status. The person-types were based on the results of a household survey.

4) Households were segmented by four income ranges—<$20,000, $20,000 to $50,000, $50,000 to $100,000,
and >$100,000.

5) Ten activity types, also defined as being mandatory, maintenance, or discretionary, were identified. The
classification of each activity type reflected the relative importance or natural hierarchy of the activity; for
example, work and school activities are most inflexible in terms of generation, scheduling, and location.
Typical activity types included:

Mandatory

a. Work—Working at regular workplace or work-related activities outside the home.
b. University—College +

c. High School—Grades 9-12

d. Grade School—Grades K-8

Maintenance

e. Escorting—Pick up/drop off passengers (auto trips only).
f.  Shopping—Shopping away from home.

g. Other Maintenance—Personal business/services and medical appointments.

Discretionary

h. Social/Recreational—Recreation, visiting friends/family.
i. Eat Out—Eating outside of home.

j. Other Discretionary—Volunteer work, religious activities.

6) One hour increments, beginning at 3 a.m. and ending with 3 a.m., were used for the activity-based tours.
7) Thirteen modes were available for modeled trips.
Figure 6-10 shows the different submodels that were part of this new modeling approach. The approach reflected a
sequence of “choices” made by the model leading to predicted travel volumes on the transportation system. The results
of each submodel become input into the submodel that follows it. This sequence included:
Synthetic population
¢ Zonal distributions of population by controlled variables.

» Household residential location choice (allocation to zones).

Long-term level

¢ Usual location for each mandatory activity for each relevant household member (workplace/
university/school).

* Household car ownership.
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Figure 6-10. lllustration of Trip Tours as Used in Activity-Based Models,
Atlanta Regional Commission
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Source: ARC, 2014, Reproduced with permission of the Adanta Regional

Commission.

Daily pattern/schedule level

¢ Daily pattern type for each household member (main activity combination, at home versus on tour)
with a linkage of choices across various person categories.

¢ Individual mandatory activities/tours for each household member (note that locations of mandatory
tours have already been determined in long-term choice model).

e Frequency of mandatory tours.
¢ Mandatory tour time of day (departure/arrival time combination).

¢ Joint travel tours (conditional upon the available time window left for each person after the scheduling
of mandatory activities).

e Joint tour frequency.
e Travel party composition (adults, children, mixed).

e Person participation in each joint tour.
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e Primary destination for each joint tour.
¢ Joint tour time of day (departure/arrival time combination).

¢ Individual nonmandatory activities/tours (conditional upon the available time window left for each
person after the scheduling of mandatory and joint nonmandatory activities).

e Person frequency of maintenance/discretionary tours.
e Primary destination for each individual maintenance/discretionary tour.
¢ Individual maintenance/discretionary tour departure/arrival time.

e Individual at-work subtours (conditional upon the available time window within the work tour
duration).

e Person frequency of at-work subtours.
e Primary destination for each at-work subtour.

¢ At-work subtour departure/arrival time.

Tour level
¢ Tour mode.
¢ Frequency of secondary stops.

¢ Location of secondary stops.

Trip level
o Trip depart time model.
¢ Trip mode choice conditional upon the tour mode.
¢ Auto trip parking location choice.

o Trip assignment.

As can be seen in this list of submodel choices, the activity-based model reflects many of the travel choices facing trip
makers on a daily basis. Each submodel must be based on a credible and defensible logic and, as with all models, has
to be calibrated and validated against real trip data (or with survey results).

In summary, activity-based modeling uses a variety of approaches ranging from decision trees, Monte Carlo simula-
tion, and neural networks to utility maximizing and discrete choice models (logit or nested logit models). Like the
four-step models, these approaches can require a fairly large database of detailed surveys of activities. In contrast to the
traditional four-step software packages, however, there are few commercially available software packages that include
activity-based models. See the following references for more detailed description of activity-based model applications:
[Donnelly et al., 2010; Vanasse, Hangen, and Brustlin, 2011; Ferdous et al., 2011; Resource Systems Group, 2012]

C. Linkage to Air Quality Modeling

For metropolitan areas that are in nonattainment or maintenance of air quality standards, estimated future mobile
source emissions must not exceed the emission limits (called budgets) established in the state implementation plans
(SIPs). With the exception of California, states estimate their mobile source emissions by combining travel model
outputs, volumes, and travel times/speeds with emissions factors derived using the Environmental Protection Agency’s
(EPA) MOtor Vehicle Emissions Simulator (MOVES) emissions model. [FHWA, 2014] However, transportation
modeling and air quality modeling have not been integrated consistently. The travel activity data—particularly link
speed data from travel demand models—are rarely resolved as finely as needed to estimate mobile source emissions.
Consequently, additional post-processing of travel model output is often required. The post-processing procedures
employed will differ by region, but in general can have a significant effect on subsequent emissions estimates.
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The EPA specifies six criteria that travel models must meet to be acceptable for air quality conformity analysis:
(1) models must be validated against observed travel, and future travel estimates must be reasonable given past trends;
(2) land use, population, and employment estimates and projections must be based on the latest planning assump-
tions; (3) projected trends in land development should be consistent with future transportation system alternatives;
(4) a capacity-sensitive assignment method must be used, and peak- and off-peak link volumes must be estimated;
(5) a feedback mechanism must be used; and (6) the model should be reasonably sensitive to changes in travel times
and costs.

Using sensitivity analyses, the EPA has identified two input parameters to which MOVES emissions factors are partic-
ularly sensitive: speed and time-of-day distributions of travel activity. There are two major difhiculties with how speeds
are estimated. First, speed estimates used in the travel models are rarely validated on a wide-scale basis because of high
data collection costs and very limited available data. Second, a variety of link performance functions can be used in trip
assignment models, producing substantial variations in post-processed speed estimates. The effect of using different
performance function forms for assigning travel volume is not usually a major concern for travel demand modelers
since results can be validated against travel counts. However, the impact on post-processed speeds and on subsequent
emissions modeling may not be trivial. Research suggests that using different speed-flow functions or post-processing
methods may result in significantly different emissions estimates. Little research has been done to identify how an
MPO should select a speed-flow function both for the assignment step and for any post-processing that is performed.
Attention to the selection and effect of post-processing techniques will be required as legislative mandates and/or
policy initiatives related to air quality become more stringent.

With respect to time-of-day distributions, roadway (or link) travel volumes are estimated per modeling period (for
example, a.m. or p.m. peak), where periods typically embrace two to four hours. Conversely, photochemical air quality
models, such as EPA’s urban air shed model (UAM), require hourly volumes. A variety of post-processing strategies
can and have been used to address this particular problem including, among others, categorizing roadway segments
by peaking characteristics and applying specific hourly proportions based on observed travel for selected roadway
facilities or by applying various probabilistic strategies. Although the need for increasing the time resolution of travel
models is more often linked to improving our understanding of operational effects (for example, peak spreading), it
is also a critical ingredient in assessing air quality.

For a good overview of air quality modeling and its relationship to transportation demand modeling, see [PB Americas
etal., 2013].

D. Software

The four-step modeling structure has evolved slowly over a lengthy period of time. Various planning agencies have
used a similar structure throughout the modeling process—a sequential model application with feedback loops and
aggregate-level calibrations/validations. Most MPOs use advanced commercial travel demand modeling software pack-
ages, such as TransCAD®, EMME/2, and CUBE. These packages are professionally designed and are generally well
maintained. This has substantially reduced the computational burden with modeling applications and made many
advanced techniques more routine. The recent development of many four-step models suggests significant improve-
ments related to algorithmic or technical details, including increased spatial precision (for example, adding new zones/
links), better temporal resolution (increased time of day slices) and the use of additional modeling steps (for example,
the addition of vehicle ownership models and greater segregation of trip types).

Menu-driven software (for example, TransCAD®, EMME/2) generally incorporates a wide variety of modeling
approaches in the form of menu options. These packages are somewhat easier to use and allow less experienced
modelers to access more advanced techniques, and the embedded GIS tools are slightly easier to learn in the integrated
environment for scenario runs. Many of the menu-driven software packages also allow for scripts. Regardless of the
software chosen, each individual region must develop its own model specific for that region. Many of the menu
approaches allow a user to accept default national or regional averages for some variables.

Current software development trends suggest that most developers are moving toward the integration of different
modeling processes into a suite or a family of packages to improve modeling efficiency. One example is the CUBE
System developed by Citilabs, which is built on an interface with ArcGIS and incorporates four different modules as a
family of software products: (1) Cube Voyager, which performs travel forecasting based on the four-step approach and
provides some advanced techniques; (2) Cube Dynasim, which performs dynamic multimodal microsimulations for
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intersection design and analysis; (3) Cube Cargo, which performs freight forecasting and facility analysis; and (4) Cube
Me, which performs statistically optimized trip matrix estimation. Another example is the PTV Vision Suite devel-
oped by PTV America, Inc., which integrates a travel demand-forecasting model, VISUM; a travel/transit simulation
model, VISSIM; a transit planning and optimization model, VISUM PuT; a real-time travel management model,
VISUM On-Line; and a travel conditions displaying model, TML. The trend seems to be oriented toward develop-
ing computer-based packages that include both travel demand-forecasting models and travel simulation models that
require greater technical expertise.

IV. SUMMARY

One of transportation planning’s most important roles is to provide information to decision makers on the potential
consequences of investments in the transportation system—and the consequences of not investing in the system.
Modeling travel demand and assessing the performance of the transportation system are fundamental to this role.
Travel demand modeling has been an important element of transportation planning for many decades and to this day
remains the foundational approach for producing estimates of future travel demand. Every metropolitan planning
organization uses some degree of travel demand modeling, often with substantial portions of the budget allocated to
data collection, model calibration, and forecasting activities.

Travel demand models have been used for nearly 50 years, but in the last 20 years, significant policy demands have
pushed the limits of what can be reasonably achieved with the standard four-step models. Although numerous federal
agencies provide a wealth of guidance on travel modeling for various policy issues, accepted practices vary widely
throughout the U.S. In fact, model performance standards are often determined and evaluated unique to the policy
application. In spite of this, the development of travel models has continued at a rapid rate. As our understanding
of travel behavior has improved, researchers and practitioners have continued to extend and refine the functional
performance of the models. In many cases, practitioners have been innovative and have accommodated a variety of
different contemporary policy issues using the standard four-step model.

The four-step models that continue to be used, at least in the short-term, will place greater focus on implementing
best practices, such as those identified by Davidson et al. [2007]: (1) using disaggregated modeling; (2) considering
within-household relationships and their impact on travel decisions; (3) evaluating individual characteristics in addi-
tion to household variables; (4) considering household aging and how it affects future travel decisions; (5) defining
feasible choice sets; (6) using accessibility measures; and (7) developing realistic estimates of performance characteris-
tics, such as travel time.

However, the next decade of modeling will likely see continued shifts from the four-step models to activity-based and
simulation models and continued increases in data collection and computational costs. Many MPOs are considering
the development of tour-based models, with a number already in practice. As modeling practices continue to become
more complex and software evolves to accommodate this complexity, transportation analysts will need greater technical
expertise, whether in-house or through the use of consultants. Balancing resources between the maintenance of current
models and the migration to new models will be difficult, but it is important that larger MPOs begin the migration
to models that will allow them successfully to meet new and expanding regulatory and policy needs.
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Chapter 7

Evaluation and Prioritization
Methods'

. INTRODUCTION

rudent management of public investment in the transportation system requires transportation planners and

engineers to identify cost-effective investment strategies and actions. Evaluation is the process of synthesizing

the results of an analysis of alternatives and comparing the alternatives to identify the relative value of one
alternative over another. Evaluation is one of the most important components of transportation planning because it
provides the information needed to make decisions. Evaluation can also influence the definition of alternatives as well
as the credibility of the planning process itself.

Although evaluation provides a structured set of information for decisions, transportation planning lies at a unique
intersection of technical analysis and political prerogative. The goal of the evaluation process is to provide informa-
tion to help decision makers reach informed decisions that provide the greatest public good. Certainly, the technical
information on the system performance of different alternatives is a critical underpinning of such decision making.
However, depending on the size, nature, and complexity of a problem, it is also important to have participation
throughout the process by citizens, other stakeholders, and elected officials who finally adopt a plan.

Figure 7-1 presents an overall framework for evaluation. The shaded area indicates the scope of this chapter. The
following section considers the basic concepts that are part of every evaluation process. These include relating the alter-
natives to goals, objectives, and performance measures and basic economic analysis concepts such as inflation, defining
costs and benefits, and identifying equity impacts. Next, various evaluation techniques are examined, including the
selection of the appropriate evaluation methods. The following section describes how uncertainty and risk should be
incorporated into the evaluation process. The chapter continues with an examination of some of the mistakes that
commonly occur in evaluation, and a description of different approaches to project prioritization and programming.
The remainder of the chapter presents examples of evaluation efforts that have been undertaken by public agencies.

The chapter identifies important references for those interested in the evaluation process. A number of websites are also
available on benefit/cost analysis, including some free spreadsheet models, such as: http://bca.transportationeconomics

.org’lhome and http://www.dot.ca.gov/hq/tpp/offices/eab/benefic_files/Cal-BCv4-1.xls.

Il. CHARACTERISTICS OF THE EVALUATION PROCESS

The following characteristics of the evaluation process are important for planners to know:

e Most transportation studies examine several alternative courses of action. At the plan level, these alternatives
might be a small number of different investment strategies, such as focusing on a different modal emphasis or
on different investment levels. At the corridor or site level, these alternatives are usually more numerous and
are described in more detail. In environmental analyses, one of these alternatives is the do-nothing alternative.

¢ Ideally, but not always in practice, evaluating all relevant factors (called the composite evaluation) may lead
to improved definitions of alternatives (shown as the dashed feedback line in Figure 7-1). If a preliminary
evaluation shows the need to modify the scope and/or scale of an alternative, this can be used to define a
modified alternative, which then proceeds to a more detailed assessment.

!"The original chapter in Volume 3 of this handbook was written by Steven B. Colman, Principal, Dowling Associates Inc. Changes made to this updated chapter
are solely the responsibility of the editor.

Transportation Planning Handbook: Institute of Transportation Engineers, Fourth Edition, Michael D. Meyer
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Figure 7-1. Overall Evaluation Framework
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¢ Most alternatives include projects having different life spans, with benefits and costs occurring at different
points in time. Thus, evaluation must provide a way to meaningfully compare projects with different costs
and benefits over the study timeframe.

o Transportation projects and programs typically involve an initial expenditure of funds (called capital costs),
followed by a period of ongoing costs, such as operations, maintenance, and eventual rehabilitation and
reconstruction costs. These costs may vary from year to year. The discounted costs over the life of a project
are called its life-cycle costs.

* Many project costs and benefits can be measured in monetary terms because there are market costs associated
with them (for example, the cost per ton of concrete or per transit bus). Frequently, however, there are costs
and benefits for which no market values are readily available (for example, the community disruption caused
by construction activities or the aesthetic value of a project design, among others). In such cases, the evaluation
process needs to incorporate this information into the assessment in creative ways.

¢ Because the primary purpose of evaluation is to provide decision makers with information on the relative
merits of one alternative versus others, evaluation criteria should relate directly to the information needed
and desired by decision makers. Specifically, the criteria should reflect closely the goals and objectives defined
earlier in the planning process. Criteria used that result in the selection of the “correct” alternative (from the
viewpoint of the decision makers), but that do not reflect the goals and objectives of the process, could indicate
a breakdown in the overall evaluation process.

Generally, this chapter considers only the direct (or primary) effects of transportation projects. Examples include
changes in travel time, operating costs, and safety outcomes. Indirect (or secondary) effects or nonquantifiable
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costs—such as economic development impacts that occur after a project has been constructed or an alternative
implemented—are outside the scope of this chapter. Of course, transportation planners and engineers should be
aware that the potential for such impacts exists (see [Berger & Assocs., 1998; Economic Development Research
Group et al,, 2012; FTA, 2013; Forkenbrock and Weisbrod, 2001; Lakshmanan and Chatterjee, 2005; Weisbrod
et al., 2001]; and the website Transportation Project Impact Case Studies, http://tpics.us/, for a review of social and
economic development impacts of transportation improvements). Those interested in land-use and development
impacts of transportation investment are referred to chapter 3 on land use and urban design.

A. Basic Concepts

1. Goals, Objectives, Evaluation Criteria, and Performance Measures
The relationship between goals and objectives and the evaluation process is an important, but often overlooked
characteristic of effective planning. A clear and comprehensive statement of the goals and objectives of a project
or plan is critical to developing and evaluating plan alternatives. All studies can benefit from using available
goals and objectives from other planning documents (for example, a regional or long-range transportation plan).
Smaller and simple projects may require only very brief statements of the goals and objectives, or a purpose and
needs statement.

Goals are statements of broadly expressed desired end  Figure 7-2. Performance Measurement Hierarchy
states. Objectives provide more specifics on how the
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portation system and presents an indication of
what is happening to the region over time. In
Figure 7-2, the indicator is the level of multi-
modal options available in the region, with the
surrogate being overall transit ridership. Often,
but not always, a regional indicator might
not be under the control or direct influence
of transportation agencies. For example, air
quality is a regional indicator in many areas, for
which transportation is only one contributor.

Increase in transit riders by
income group

Time savings for transit
vehicles

Source: Meyer, M. 2006. “Performance Measures for Regional
Transportation Planning,” Memorandum prepared for the
Atlanta Regional Commission. Atlanta, GA: Atlanta Regional
Commission.

 Goals. Goals are generalized statements that indicate a desired end state or characteristic of a system. Thus, in
Figure 7-2, the goal is to have a transportation system that increases mobility and accessibility for people and
goods, but it does not say how this should be done.

o Objectives. Objectives are more specific statements of how a plan will achieve the goal. In Figure 7-2, one
way of improving mobility and accessibility is to increase transit ridership. Usually, there are several objectives
associated with a goal. A key difference between goals and objectives is that objectives are typically measurable
(quantifiable), but goals are not.

o Key Performance Measures. These are a small set of measures that indicate how the transportation system
is performing. This core group of perhaps 10 to 12 performance measures reflects critical success factors
and measures progress toward organizational goals. Thus, they are critically important to decision makers
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and for public dissemination. In Figure 7-2, the system performance measure is “aggregate transit rider-
ship.” This measure allows decision makers to determine the effectiveness of a system plan in the context of
this objective.

o Project Evaluation Criteria/Measures of Effectiveness. Evaluation criteria relate directly to the evaluation of alter-
natives and scenarios and to a variety of issues that might be relevant to a particular alternative. Thus, in
Figure 7-2, several criteria are shown that are not exactly the same as the system performance measures,
but that feed directly into understanding the effects of alternatives and/or scenarios. They are called criteria
because they help guide the decision as to which alternative under consideration is best.

e Targets. In some instances, it is desirable to establish a standard or desired outcome to focus attention on what
is considered to be success. In Figure 7-2, the target is “increase ridership by 20 percent over current levels
by the year 2020.” Not only does this provide a more specific focus on achieving the goal, but it also allows
planners and decision makers to monitor system performance over time to determine if it is at least heading

in the right direction. [Meyer and Miller, 2014]

Clearly, the criteria used in evaluating a scenario or alternative should relate directly to important system performance
measures. Thus, for every key performance measure, one or more similar project evaluation criteria are used to allow
a direct connection to system performance, as indicated with a two-headed arrow in Figure 7-2.

The set of evaluation criteria should be comprehensive, but not duplicative, nor too lengthy. The criteria should be
transparent (that is, readily understood by decision makers and the public), and the costs of data collection when
using these criteria should be commensurate with the size of the project or plan and its complexity (see [Cambridge
Systematics, 1996; Meyer and Miller, 2014; and Rothblatt and Colman,1996] for a more detailed discussion on goals,
objectives, evaluation criteria, and performance measures). Table 7-1 presents a list of typical evaluation criteria for
different performance measure categories.

2. Importance of Project or Alternative Definition

Most transportation plans recommend a set of cost-effective projects for implementation. For metropolitan plans,
the number can reach thousands over the lifetime of the plan itself. For an individual project, improvements could
take place over time as a series of one or more related construction phases. Depending on the scale of the planning
effort, project definition can be an important input into the evaluation process. Project definition reflects the level of
funding that will be necessary through cost estimation, likely environmental impacts, and the place of the project in
the overall transportation system.

A transportation project is usually defined by its:

e Project identity and location (at the plan level, this is often described in very general terms).
 Project type.

¢ Length.

o Capacity (for example, number of lanes, degree of grade separation, or additional transit vehicles).
o Access points (stations, interchanges).

¢ Degree of grade separation and vertical alignment.

e Average and maximum operating speed.

 Horizontal and vertical alignment (including tunnels, cuts).

Transportation plans usually deal with broader categories to test the effects of different long-range policies, such as
the number and type of community groups affected, proximity to important land uses, and the role transportation
investment plays in the broader transportation network (for example, part of an evacuation route). Table 7-2 shows
some of the factors that might be considered as part of a transportation plan.

Another method of incorporating the different dimensions shown in Table 7-2 into the planning and evaluation
g g
process is through scenario planning. In essence, scenarios examine different land use and transportation investment
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Table 7-1. Sample Criteria for Evaluating Major Urban Transportation Alternatives

Performance Categories Evaluation Criteria

System Performance Criteria

Mobility e Sum of travel times (peak/off-peak) to selected points

e Travel time index (ratio of congested travel times to free flow travel times)
¢ Average speed weighted by travel flows

¢ Congestion cost per person

e Commercial vehicle delay per mile

Accessibility ¢ Number of areas or major activity centers served by a project
e Availability of service to transportation-disadvantaged groups
¢ Accessibility index from a gravity model

e Percent of all jobs within 30-minute commute time

¢ Percent of dwellings within 1/4 mile walking distance of transit

Traffic Relief e Number of intersections and miles of street where level of service is below standard
e Average speed by facility type (or classification)

¢ Vehicle-miles or hours of travel by level of service

Safety ¢ Number or cost of collisions, injuries, and fatalities

Modal Balance e Percent trips by transit, carpool, etc.

¢ Mode share to regionally significant activity centers

System Efficiency ¢ Gallons of fuel consumed

e User cost (vehicle operating cost plus time cost)

Impact Criteria

Regional Development ¢ Consistency with adopted land-development goals/policies

Neighborhood Disruption | e Number of dwelling units, and businesses displaced or impacted
e Number of defined neighborhoods or homes encroached upon
e Acres of existing developed land affected

¢ Net dwelling units within unacceptable noise contours

Air Quality ¢ Tons of emissions, by type
e Exceedance days of national or state standards

¢ Conformity to National Ambient Air Quality Standards

Special Land Use Impacts | o Acres of parks, recreational lands, or schools affected
e Acres of prime farmland affected
¢ Acres of wetlands affected

¢ Number and significance of historical sites, archaeological districts, etc.

(continued)
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Table 7-1. (Continued)
Performance Categories Evaluation Criteria

Implementation Criteria

Cost e Capital, maintenance, and operating costs
¢ Probability of funding availability

e Percentage of funding from nonlocal sources

Artitudes and Equity e Degree of acceptance by elected officials and citizens

e Amount of tax base shift from one jurisdiction to another

¢ Impact on low-income neighborhoods and groups

Source: Adapted and expanded from Maricopa Association of Governments, Transportation and Planning Office, 2010, Phoenix,
Arizona

Table 7-2. Possible Scenario Factors for Long-Range Transportation Planning

Modal Empbhasis e Transit versus auto emphasis (could also affect land use)

e Freeway versus surface street improvements

Funding Levels Available | o Low

¢ Medium

e High
Geographic Emphasis ¢ Change/growth areas versus maintenance/slow growth areas
Type of Growth e Compact/infill versus sprawl

e Transit-oriented development/pedestrian development versus existing trends for the past
20 years

e Industry-type emphasis (e.g., emphasis on encouraging service industry growth, telecom,
manufacturing, tourism, and so on)

e Balanced versus imbalanced jobs/housing growth (e.g., jobs grow faster than the number of
employed residents)

¢ High versus low countywide/regional growth rate

Pricing e Stable gas prices versus increasing real gas prices
e Free parking (existing) versus paid parking

e Reduced real transit fares versus higher real transit fares

packages to determine which scenario provides the best outcome from a transportation system performance perspec-
tive. For example, a study in Atlanta, Georgia, that focused on approximately 1,000 square miles of the area’s fastest
rates of development growth examined the following scenarios as part of the analysis and evaluation process:

o Current Atlanta Regional Commission (ARC) Forecast—What happens if development is spread throughout
the study area with the greatest concentrations in the southern half of the study area?

o Existing Communitie—What happens if development is largely concentrated in and around existing com-
munities and activity centers in the study area?

o Transit-Oriented Development—What happens if a grid network of radial and east-west transit is developed
and future land use concentrates along these lines?

o Equity (East-West Corridor)—What happens if development is further concentrated along east-west corridors
and transit is enhanced?
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o Managed Growth—What happens if much of the new growth is distributed in “hamlets” of balanced residen-
tial and commercial development in the north?

e Local Plans—\What happens if development occurs as anticipated in the plans of the local jurisdictions, and
total development is higher than projected by ARC?

o Less Growth—What happens if roughly half of the development projected by ARC occurs, and there is little
new highway capacity added? [GRTA, 2004]

By examining the implications of these different scenarios, transportation planners were able to identify the key factors
driving transportation demands in the study area; identify the likely consequences of different land use and transporta-
tion strategies; and, perhaps most importantly, inform local officials regarding the strong linkage between land-use
decisions and resulting transportation system performance.

3. Defining Costs and Benefits

The choice of which costs and benefits to include in an evaluation can strongly influence the ultimate outcome
of the evaluation process. [AASHTO, 2010; Cambridge Systematics, 1996; ECONorthwest et al., 2002; European
Conference of Ministers of Transport, 2001; and VTPI, 2009] Defining costs and benefits in public sector evaluations
is often more complicated than for those in the private sector, simply because public choice needs to include the societal
costs of resource consumption that do not normally have a market price. The rest of this section will take the viewpoint
of public sector decisions, with the understanding that a subset of the tools presented also could be used to evaluate
a private investment decision.

Costs and benefits can affect three major groups: (1) suppliers or owners of transportation facilities or services, usually
public agencies, (2) users of the transportation facility or service, and (3) everyone else (nonusers, society at large).
Noise, air and water pollution, aesthetics, and neighborhood/social cohesion impacts, among others, are considered
nonuser costs or costs to society, although in many instances such costs are faced by users as well. These are felt by
groups other than suppliers and users, although clearly overlaps are possible (for example, drivers may also be subject
to unhealthy air quality and traffic noise).

Costs and benefits are sometimes mirror images of each other. For example, an environmental mitigation (a noise
barrier) may be a cost to the owner agency, but a benefit to the surrounding neighborhood. The choice of whether
to consider an impact a cost or benefit can affect the results of an evaluation, such as in a benefit/cost analysis. As an
example, consider a project where, without taking into account the value of the noise effects of the project, the costs
and benefits are both equal to $1,000. The project will result in a reduction in noise exposure, which is valued at $150.
If reduced noise is treated as a negative cost, the benefit/cost (B/C) ratio is ($1,000/($1,000 — 150)) = 1.18. On the
other hand, if the reduced noise is considered a project benefit, the B/C ratio will be (($1,000 + 150)/($1000)) =
1.15. Most engineering economy texts recommend the modified benefit/ cost analysis method, which treats the reduction
of costs as a positive benefit, in this case resulting in a B/C ratio of 1.15.

Classifying an item as a cost or benefit becomes particularly difficult when secondary or indirect impacts of a project
are considered. For example, a large transit project might reduce the number of second (or third) cars owned by
households, which would be considered a benefit in most evaluations. However, to auto dealers, mechanics, and banks
making auto loans, this would actually be a cost—or at least a reduction in revenue. Similarly, projects intended to
stimulate new job creation may in fact merely attract jobs away from other locations. For this reason, as well as the
possibility of double-counting benefits, it is usually best to focus the evaluation on the primary—or direct—impacts
of a plan or project, and consider the secondary effects separately.

4.  Costs Included in Evaluation

Costs are usually divided into two categories: capital and operating and maintenance (O&M) costs, although, as will
be seen, the division is not always simple. Capital costs are defined as those costs needed to implement an alternative
or start a project. Thus, they include the costs of construction and initial vehicle procurement (for transit projects),
associated allowances for contingencies, and administration. They also include the costs of planning, environmental
studies, project design, and engineering, and any other one-time costs. Excluded from this definition is the out-year
reconstruction or replacement of facilities and components, including the replacement of vehicles acquired as part
of the implementation of an alternative. Costs of reconstruction and replacement are treated as part of the life-cycle
cost analysis and are not included specifically in the capital costs, so as to avoid double-counting. Capital costs thus
typically include items such as: (1) right-of-way acquisition and relocation costs, (2) construction costs, (3) vehicle
acquisition costs (for transit), and (4) engineering and design costs.
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From an accounting perspective, capital costs relate to assets that have a useful life of at least 1 year. O&M costs are
recurring costs, or costs that last less than a year and may include: maintenance, operation, and administration costs;
insurance and collision/mishaps; user travel costs; and taxes (typically for private sector only).

Because prices of goods and services tend to rise over time, it is important to distinguish between rea/ dollars (also
called constant, inflation-adjusted, or base-year dollars) and nominal, current, or data-year dollars, which are not adjusted
for inflation.

Because planning studies often derive unit costs from historic data, it is necessary to convert historic costs to current
values. This conversion is generally done with a factor called a construction cost index (CCI) number. The Federal
Highway Administration (FHWA), trade publications (such as Engineering News-Record), and some state departments
of transportation (DOTs) provide such information. An example of the national highway CCI as disseminated by the
Federal Highway Administration is shown in Table 7-3. An index number of 100 represents the average prices in a
given month, quarter, or year; thus, for example, if transportation agencies use March 2003, shown in Table 7-3, as
the base year, the index number is equal to 100 for that quarter. CCls for individual contract items can also be easily
found; these standard items and their units are typically expressed in dollars per some unit quantity.

5.  Cost Estimation for Transit Projects

Although the names and definitions are somewhat arbitrary, the procedural phases in the development of a major
transit project can be divided into system planning, project development (including environmental review of alter-
natives), engineering, and final design/construction. These steps are structured around the major choices that must
be made as a project emerges from broad regional planning efforts and proceeds toward implementation, such as:
Which corridor(s) has/have the greatest needs? What kind of improvement is appropriate? Which design standards
should be used? For transit projects, the first substantial engineering efforts usually occur in the project development
process and alternatives analysis, with progressively more detailed engineering work as a project development process
is completed and enters into the engineering phase.

Table 7-3. National Highway
Construction Cost Index (NHCCI)

Year Quarter | NHCCI Index
2003 | March 1.0000
June 1.0156
September 1.0038
December 0.9929
2004 | March 1.0260
June 1.0638
September 1.0849
December 1.0910
2013 | March 1.1002
June 1.1092
September 1.1195
December -
2014 | March 1.0947
June 1.1007
September 1.1354
December 1.1158
2015 | March 1.1334

Source: http://www.thwa.dot.gov/policy
information/nhcci/ptl.cfm

244  TRANSPORTATION PLANNING HANDBOOK



System planning typically includes general concepts and options for technology, alignments, engineering feasibility,
priorities, and costs. Cost in this phase of work is preliminary and is often expressed in ranges. In the alternatives
analysis phases, conceptual engineering is performed, prototype design standards are developed, preferred modes are
selected, and a financial plan is developed. In this stage, cost ranges are significantly narrowed.

As part of the project development process, design standards are developed along with proposed alignments and
financial commitments. Approximately 30 percent of the total engineering effort is performed during project develop-
ment, in most cases to satisfy environmental analysis needs. In final engineering, construction drawings are prepared,
including specifications and other construction documents.

A clear understanding of the context of each project phase is crucial because it provides a guide for identifying the
appropriate level of effort and dertail for the engineering and cost-estimating work. Although the varying contexts
make it impossible to specify a particular level of effort that is correct for every project planning effort, it is important
to remember that project planning is used to select the best alternative, not to accomplish all the steps necessary to its
implementation.

During project planning, two levels of engineering effort are often applied: one for typical facilities and the other, much
more detailed, for special situations. For segments of alternatives that can be analyzed at a fairly aggregate level, a typical
cross section for the segment is defined. Detailed unit costs are used with quantities (such as square yards, pounds,
person-hours) taken from the typical sections to derive costs per linear foot (LF) for each section. A similar approach
is used to derive per-facility composite costs for various facility types: interchanges, transit stations, park-and-ride lots,
and the like. Plan and profile drawings are prepared for each alternative, and quantities—lengths, number of grade
separations, special features—are taken from these estimates. Segment costs are computed to represent the capital
costs of each identified segment, exclusive of systemwide elements and add-on items.

Segments that cannot be handled with the typical section approach are those where special conditions exist—typically
a major structure or an uncertain alignment in areas with major existing structures or difhicult terrain. These segments
are costed in detail, with drawings, detailed quantities, and detailed unit costs. Additional specialized investigations
may be carried out in these areas, for example, of soil conditions, archacological constraints, hazardous materials, and

the like.

For a major transit investment, systemwide elements include (as applicable) vehicles, electrification, signal/central con-
trol systems, and similar items, because these items are not related to individual segments. As such, they are estimated
with unit costs applied to systemwide quantities. Add-on items of contingency allowances, costs of engineering and
construction management services, and design are then added. These items are usually estimated through multipliers
that express the add-on costs as percentages of the estimated baseline capital costs.

6. Measuring Societal Costs and Externalities

Externalities, also known as spillover or third-party effects, are impacts that are not captured by the free exchange of
money (that is, by markets). A project can impose externalities on others (in which case they are known as negative
externalities), or can confer benefits (positive externalities). Motor vehicle air pollutants are an example of externalities.
It might cost $30 to fill the gas tank of an automobile, for which there is an active market price. However, those
who breathe the pollutants emitted by burning the gasoline are not voluntary parties to this transaction and are not
compensated for it. Economists estimate this cost to society by examining the health-related costs associated with air
pollutant—related illnesses.

Societal costs are similar and have been defined as the disutility that accrues to society as a result of a particular act,
such as the production or consumption of a commodity. [Greene, Jones, and Delucchi, 1997] Societal benefits involve
the added utility resulting from the production or consumption of a good or service. Economists have long known
that private markets do not always capture all of the costs or benefits of certain actions. Excluding externalities in
the evaluation process can lead to the wrong choices being made. This points out an important distinction between
private and public decision making—private firm decisions will generally include only actual internal costs.

The difficulty with including externalities in an analysis is that it is often difficult to give them a monetary value
because, by definition, there are few active economic markets for trading them (the only two major ones are in
California and Europe, where greenhouse gas emission markets have been established). This has led to a number of
attempts to provide values for external costs based on indirect methods (see [Freeman, 1993; and Greene, Jones, and

Delucchi, 1997]).
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One practical approach is cost of avoidance. Cost of avoidance places a value on the attempt to avoid or prevent the
impact. For example, road alignment A subjects 250 more homes to noise exposure above the state’s 70-dB standard
than does alignment B. Clearly, this makes alignment A less desirable than B, all else being equal. How do we evaluate
the additional noise externality associated with alignment A? The avoidance approach asks: How much would it
cost to avert the impact—say, through double-glazing windows, insulation, air conditioning, construction of noise
barriers—on the 250 homes to bring their noise exposure to within the 70-dB standard? This cost is then added to
the other costs of alignment A.

An obvious problem with this approach is that it may not always be possible to avoid all of the related impacts
of alignment A. The interior noise levels may be comparable, but exterior levels will be higher for the 250 homes
affected. Placing a value on the additional irritation of higher noise levels in outdoor activities is more difficult,
as there is no effective way to avert that impact, although it could be mitigated by a noise barrier or alignment
change. Nevertheless, various measures related to environmental mitigations often take this approach; for example,
the addition of pollution-control equipment to cars or the reformulation of gasoline to reduce air pollution,
among others.

7. Benefits Included in Evaluation

Economic benefits associated with capital investments in transportation facilities are usually measured in terms of
user benefits. User benefits for each alternative are determined by calculating the values of anticipated reductions in
negative effects compared to the no-build alternative. The type of benefits will relate closely to the purpose and need
for the project. For most large projects, travel time savings will be the largest source of benefits, followed by savings
from reductions in collisions and from reductions in user or vehicle costs. Direct and quantifiable economic benefits
to transportation facility users from a major capital investment usually relate to the following:

Savings to users of the project, in terms of:

o Travel time savings (or increases) to private vehicles, both those using the facility and those using other facilities
that are substitutes.

o Travel time savings (or increases) to public transit passengers and vehicles.
o Travel time savings to commercial vehicles.

¢ Out-of-pocket vehicle operating costs (for example, fuel, wear-and-tear).
¢ Collision costs (improved safety).

e Savings to users diverted from one facility (or route)/mode to another.

 Constant auto and transit user travel time savings (congestion relief on existing parallel routes and such).
“Constant” refers to (1) those users not changing their route or mode, (2) constant transit users (those who
continue to use transit), and (3) constant auto users (those who continue to drive).

Travel Time Savings. Travel time savings is the largest single benefit category in most major road projects, often
accounting for 60 percent or more of the total benefits. Major transit projects often will have time savings for existing
transit users, and will also shift some trips from highway to transit. The shifted auto user will, on average, spend more
time per trip using transit than driving, for most types of trips. However, positive travel time benefits will accrue to
all remaining auto users (constant auto users), including both those diverted to a new road and those continuing to
use existing facilities (as a result of congestion relief). Some transit users (constant transit users) also will benefit from
the provision of improved transit services, even though they do not change mode.

The overall amount of travel time savings can be estimated from network models. However, in order to attach a
monetary value to this amount, one must know the economic value of an hour of travel time. The approach used in
most studies is to estimate the value of time as one-third to one-half the pre-tax wage rate of the users. The U.S. Ofhice
of Management and Budget (OMB) recommends using 50 percent of the average work wage rate, before taxes. The
U.S. DOT recommends using 50 percent of the average wage rate in the region. [AASHTO, 2010] The approach used
for estimating the value of travel time for a particular study will depend on the accepted practice in that study area.

A few caveats should be noted when applying a single value of time to travel time savings. First, small blocks of travel
time (say, 2 minutes) may be valued at less (per minute) than large blocks (say, 15 minutes), because the small blocks
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do not present usable or perhaps even noticeable changes for the user. AASHTO suggests that individual travel time
savings of less than 5 or 10 minutes per trip are of relatively little value, although AASHTO eliminated this distinction
in 2003. [AASHTO, 2010] The travel time value reflects the fact that time saved does 7oz usually result in increased
earnings for the user, but does have some real value as reflected in observed traveler behavior. In fact, studies have
generally shown that people do not place value on travel time savings of 2 minutes or less.

It should be acknowledged that there is some controversy on the nonlinear valuation of time value. Small [1999], for
example, offers arguments contrary to the AASHTO approach.

Second, value of time will depend on trip purpose. A driver who is late to work might be willing to spend quite a
bit to save a few minutes, but the weekend driver out for sightseeing might not. Indeed, current interest in pricing
managed lanes on urban freeways focuses on congested periods during the day, usually during peak commute times
when the work trip is most prevalent. In such a case, the value of time, and thus commuter willingness to pay, is much
higher than at other times of the day or of the week.

Third, many regions derive values of travel time from the mode choice module of the regional travel demand
model. Although this model is theoretically acceptable, in practice, transportation planners must be careful that
misspecification of the mode choice model does not lead to an undervaluation of travel time.

Many commercial vehicle operators also will realize economic benefits from time savings due to reduced conges-
tion. Such savings result in greater productivity and/or reduced labor costs. Where such benefits do occur, they
reflect the drivers” wage rate and fringe benefits, plus certain other values related to the ownership and operation
of the vehicle. Appropriate values of freight value of time for economic analysis range between $50 and $80 per
vehicle-hour and sometimes higher. The estimated value often depends on the size of the truck, the goods being
moved, and the distance over which the goods are being transported. Intercity trips tend to have higher time values than
shorter trips.

Out-of-Pocket Auto-Operating Cost Savings. Variable (avoidable) motor vehicle—operating costs for auto users
diverted to transit, carpools, or another facility represent an important source of potential project benefits. Fuel-, oil-,
and mileage-related vehicle maintenance costs typically average 13 to 20 cents per mile. Assuming a vehicle left at
home is not used by others during the day, the reduction in O&M costs are a net benefit to the driver.

For auto users diverted to transit modes, a factor must be applied to account for the fact that an auto typically can
carry more than one person in the peak and off-peak periods. To get a reduction in the vehicle miles of travel, the
number of auto person trips is typically divided by 1.15 to 1.2 for peak-period trips, and 1.25 to 1.4 for off-peak
trips. Benefits in this category also include reductions in operating costs due to reductions in stop-and-go operation
on free-flow facilities and a reduced number of stops on interrupted-flow facilities.

Operating cost savings to the owner of the facility would be considered benefits in the calculation.

Savings Due to Reduced Injuries and Fatalities. One of the major benefits associated with transportation invest-
ment is the reduction in the number and severity of crashes. These include crashes with other motor vehicles as well
as crashes between motor vehicles and pedestrians or bicyclists. Estimating the safety benefits of a specific alternative
requires one to identify the reduction in safety-related societal costs. One widely used source from the U.S. DOT
suggests that the appropriate costs (in 2012 dollars) for crash categories for a single person injured is:

« Fatality: $9,100,000

« Critical injury: $5,396,300

e Severe injury: $2,420,600

e Serious: $955,500

« Moderate injury: $427,700

¢ Minor injury: $27,300 [USDOT, 2013]

The U.S. DOT also strongly encourages any safety analysis to use both a 3 percent and 7 percent discount rate in the
analysis to assess the sensitivity of the analysis results to the choice of discount rate.
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If these costs are to be used, they should be inflated to the study year. They represent comprehensive costs, including a
measure of the value of lost life, obtained through empirical studies of what people would actually pay to reduce their
safety and health risks. Even this raises some controversy because the actual economic costs—such as lost income,
medical expenses, and the like—are generally much lower (for example, $1.1 million per fatality). Further confusion
over the value of human life occurs given that several U.S. government agencies use different values for a single life.

Estimating Costs and Benefits by Measuring Individual Preferences. Two major approaches have been used to
value benefits through the actual prices that consumers are willing to pay for them, or through some estimate of what
they would be willing to pay. [Meyer and Miller, 2014] For example, on the presumption that consumers prefer houses
on quiet streets to those on noisy ones, and are therefore willing to pay higher prices for them, transportation planners
might compare the sales price paid for houses on streets with differing noise levels. In economic terms, consumers
should be willing to bid up the prices of houses on quiet streets relative to noisy streets. This approach to valuing such
benefits or costs is called revealed preferences (RP).

The disadvantage of this approach is that there are many factors that determine house prices in a neighborhood,
not just noise levels. Of course, the size, quality, and sale date of the house must be considered and standardized by
statistical techniques. But many other factors can come into play. Houses on noisy streets may be considered to be less
safe (for example, higher traffic volumes may make it less safe for children); they may be closer to other noise generators
(schools, commercial buildings); they may be considered dirtier (because of more vehicular and pedestrian traffic);
and so on. In practice, it takes a very large amount of sales data to assess the impact accurately. See Diaz [undated]
for additional literature and discussion. Nevertheless, through statistical techniques, this method has gained some
currency, particularly for valuing environmental impacts, such as noise and air pollution.

RP data have also been used to estimate values of travel time when there is a tolled and untolled facility in proximity
to one another, and data exists on which facility drivers use. Drivers who willingly pay a $2 toll to save 15 minutes
of travel time must be valuing their time for that trip at a rate of ar least $8 per hour (although we do not know how
much more). This is one of the inherent limitations of RP methods. They tell us only about people’s behavior given
an observable choice set. If there is little variation across the attribute (for example, all houses in a city are exposed
to an equal amount of traffic noise), there will be no way to determine the actual value placed on the attribute.
Also, co-linearity between variables (variables where two or more attributes tend to be associated with each other)
often exists, which makes the disentanglement of values placed on a single attribute extremely difficult.

Because of the problems inherent in RP methods, stated preference (SP) methods have been developed in an attempt
to derive estimated values from hypothetical comparisons. Many of the same problems occur with RP and SP surveys,
such as sample and response bias. SP methods have unique problems, including the wording and presentation of
trade-offs (which is key to obtaining accurate values), and also the way the project impacts are presented to respondents
for comparison (asking respondents how much they would be willing to pay for noise reductions in decibels will not
elicit good responses). Questions presented without trade-offs (“Would you use ... ?” or “How much would it be
worth to you...?”) are likely to elicit invalid information. However, SP surveys do have the potential to examine a
much wider range of conditions than exist at the time of the survey. SP surveys have been used successfully in studies
to assess the value of travel time and in aesthetic/visual preference issues.

Good SP questions need to be counter-posed with the trade-offs involved. Asking people if they would use transit if
it were available in their neighborhood is not likely to elicit as accurate a response as asking them if they would use
transit if they had to walk two blocks and wait an average of 10 minutes for the bus to arrive, and if the overall trip
would take 50 percent more time than by automobile.

Distributional Impacts and Equity. Equity addresses the question of who pays and who benefits from the expen-
ditures of resources. An equity analysis is not required in every evaluation; in fact, it is probably appropriate only for
very large projects, where potential costs (and benefits) are large, and the distributional impacts are uneven.

Even when projects have large net benefits, the distribution of costs and benefits can be uneven geographically among
different income groups and between neighborhoods. For example, the construction of interstate highways in U.S.
metropolitan areas unquestionably increased mobility; however, because of the nature of the highways, the relative gain
in mobility was much greater for suburbs and outlying cities than it was for those in inner cities and near downtowns.
In some cases, the interstates divided existing neighborhoods and, because of the closure of local streets, actually made
some trips more circuitous. These impacts were generally ignored at the time much of the interstate was planned (the
late 1950s and 1960s). In fact, some of the environmental legislation in the late 1960s in the United States relating to
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road planning and construction originated because of egregious decisions on the part of transportation agencies (for
example, aligning new freeways in parks, cemeteries, and low income neighborhoods because the land was cheap).

Equity is essentially a normative issue—that is, it concerns what ought to be. There is no completely objective way
to assess what is an equitable impact and what is not. Facts can inform that decision. In the end, disagreements over
normative statements cannot be settled solely by an appeal to facts. It is the public will, as expressed through elected
officials in a democratic society, that determines what is equitable and what is not.

Assessment of equity impacts should generally begin at the stage of developing goals and objectives. For example,
Table 7-1 indicated consideration of two potential equity impacts: (1) amount of tax base shifted from one jurisdiction
to another and (2) impact on low-income neighborhoods and groups. These evaluation criteria illustrate common ways
of looking at equity—spatially and modally—among income groups and for identifiable groups of people.

Spatial Impacts. Travel forecasting models and geographic information system (GIS) techniques have made it much
easier to assess the spatial impacts of projects. For example, choropleth maps can be created fairly easily at the census
geography or travel zone level, illustrating things such as auto availability, travel time accessibility by different modes,
pollution impacts, and so on. Imagine a range of transit improvements in a city. The changes in travel times (positive
or negative) could be examined at the traffic analysis zone (TAZ) level, with shades representing less than a 5-minute
change in travel time due to an alternative, warm colors representing various levels of increases in travel time, and
cool colors representing travel time decreases. The overall spatial impact on different areas and neighborhoods can
become readily apparent from such a map. It is important to note that any project can have both positive and negative
impacts; for example, a rail alternative might assume that parallel bus services are eliminated or redirected as feeders
to rail stations. This may actually cause in-vehicle or overall travel times to increase for certain users.

Modal Impacts. These occur as the generalized cost of one (or more) mode(s) improves relative to that of other
modes. High-occupancy vehicle (HOV) lanes might improve travel times for carpools and transit users but not for
single-occupant vehicle users, which is a distributional impact. General capacity increases may reduce the use of
transit in a corridor. These impacts are readily determined from the outputs of a multimodal travel model, although
the state-of-the-art in predicting nonmotorized trips is such that, in most areas, only qualitative effects can be assessed
for pedestrian and bicycle travel.

Income Impacts. Transportation impacts sometimes distribute costs and benefits unevenly because of the manner
in which transportation projects are paid for. Transportation projects in the United States are most commonly funded
through consumption taxes, such as taxes on gasoline or general retail sales. Such taxes have a tendency to be regressive;
that is, they tend to take a higher share of income from poorer households than from richer ones. In 2011, the bottom
20 percent of U.S. household incomes spent an average 5.6 percent of their income on gasoline and oil, whereas the top
20 percent of household incomes spent just 4.3 percent. However, when one excludes gasoline from the expenditures,
the bottom 20 percent spent 9.2 percent of their income on transportation, whereas the top 20 percent of household
incomes spent 11.8 percent, likely reflecting the cost of vehicles. [AASHTO, 2013] Thus, even an apparently fair
method of raising revenue, such as a tax on gasoline, disproportionately affects lower-income groups. If proportionality
is a goal (that is, treating all income groups equally), the use of consumption-based taxes is not the best strategy.

Information on personal income can be obtained from the U.S. Bureau of the Census and the U.S. Department
of Labor. There are other proxies that can be used for income that may be more current, if currency is important:
(1) unemployment rates in an areas, and (2) areas experiencing job losses (or gains) in prior years.

Impacts on Identifiable Groups. Impacts also may occur disproportionately to ethnic minority populations, the
elderly, or those with transportation disabilities, who are often geographically concentrated. For example, in many
U.S. cities, ethnic minorities and immigrant populations are concentrated in parts of the region (most often in the
center city or in dense, radial corridors) that do not benefit directly from investments in suburban transportation
systems. In some cases, the courts have had to decide whether the investment using federal funds did or did not
cause disproportionate hardship to such populations. These issues are addressed partly through the Executive Order
on Environmental Justice (see chapter 1).

Least-Cost Planning. Another approach toward planning that has important implications for evaluation is least-cost
planning, also known as integrated resource planning. Least-cost planning had, as its genesis, the energy planning
efforts of the 1970s. It was found that under certain conditions, it might be less costly to promote energy conserva-
tion programs (for example, more energy-efficient appliances) than to build new energy-generating capacity. Utility
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planners had traditionally only looked at the expansion of supply, rather than both the supply and demand for elec-
tricity. In some areas, least-cost planning led to laws requiring more energy efficiency in new appliances, additional
insulation in buildings, and rebates to consumers for the purchase of energy-efficient appliances. This concept has
been expanded to water conservation and other areas.

From an evaluation perspective, least-cost planning places great weight on the definition and valuation of all pos-
sible effects of a project and the determination of the least-cost approach, where costs include all societal costs.
In addition, acknowledging and estimating uncertainty in the results of evaluation become an inherent part of the
planning process.

B. Evaluation Techniques

Many useful and valid methods can be used in transportation planning to evaluate the relative effectiveness of different
alternatives. If a travel forecasting model is available, it can often provide many of the inputs necessary for a good
evaluation (see chapter 6 on travel demand modeling). In fact, the problem may be that too much information is
available, and the analyst’s major challenge becomes choosing data that are key to the evaluation. There is also a
danger that when much time and effort has been expended in developing a complex travel forecasting model, there
will be a temptation to put too much faith in its results. Particularly with respect to long-range forecasts, the analyst
should always be aware that many of the assumptions implicit in any forecast of conditions several decades from now
may be subject to considerable uncertainty.

1. Selecting the Appropriate Analysis Method
Two basic requirements of an appropriate evaluation procedure are that: (1) it should produce understandable results
to those who make the final decisions, and (2) it should be appropriate for the range of alternatives under consideration

and the complexity of decisions being made. Descriptions of four basic evaluation techniques are found in Meyer and
Miller [2014].

Effectiveness Matrix. An effectiveness matrix is the simplest of all the evaluation techniques. A measure for each
criterion and alternative is inserted into the cells of a matrix, where the columns represent the different alternatives
under consideration, and the rows represent the different evaluation criteria. The value entered in the matrix may be
an actual measured value, a ranking, or a normalized value (that is, adjusted to make the total of all the scores add up
to one, or some other arbitrary number, such as 10 or 100). This matrix enables stakeholders and decision makers to
see the effectiveness of each alternative compared to all the other alternatives. This technique is useful if the number of
alternatives and evaluation criteria is reasonably small, and the costs and benefits are difficult to measure. Cell entries
may be, for example, best or worst, may rank the alternatives from one through /N alternatives, or may consist of
judgments as good, poor, or average. Effectiveness matrices are often used in environmental analyses.

Aggregate Ranking. If an effectiveness matrix becomes too large and unwieldy to assist in making a decision,
bottom-line scores may be derived through some form of aggregation. Use of normalized values provides a good
method of aggregating measures with different units or dimensions. A second method of aggregation involves sum-
ming the scores associated with the criteria for each alternative. The aggregation may be made for each category of
criteria (performance, impact, and implementation) and/or for all criteria together. Evaluation scores must be made
at the ordinal level of data measurement, such as best (first) to worst (last). Alternatively, ratio-level scores may be
developed for each alternative (for example, Plan A has 92 percent of the ridership of Plan B).

Careful attention should be given to selecting the appropriate evaluation criteria (this is true of most evaluation
techniques, but particularly for aggregation approaches). Unless criteria are weighted, the selection of less important
criteria can bias the selection toward a less desirable alternative. Alternatively, bias can be introduced with weights
if they do not reflect local values as expressed by the goals and objectives defined outside of the evaluation process.
Weights may sometimes be developed as part of the development of the goals and objectives in the public participation
process, with a technical advisory committee, or both.

Final selection of an alternative often requires the weighting of criteria to reflect the varying importance of the
objectives being measured. Input from citizens and elected officials is essential in determining proper weighting
so that the complete range of differing viewpoints and interests will be represented in the final analysis. A case
study applying aggregate ranking to conversion of one-way streets to two-way operation is provided later in
this chapter.
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Cost-Effectiveness. This evaluation method can be used as an independent technique or in combination with the
two above. This procedure involves the direct comparison of two related criteria or groups of criteria. Usually, the mon-
etary cost of each alternative is compared to some performance measure of the plan or project. Alternative improve-
ments may then be compared based on their efficiency in meeting common objectives. For example, cost-effectiveness
methods have been used to assess noise reduction strategies (dollars per decibel reduction), water-quality improve-
ments (dollars per salt concentration reduction) and transit investments (annualized dollars per new rider). The
method is particularly useful when plans are being measured against benefits for which it is difficult to assign a
dollar value.

A common example in transportation safety is the proper value to place on a fatality. Rather than attempting to make
such a valuation, which inevitably will be subjective and controversial, the planner can merely keep the original units
in the comparison. For example, during a 20-year period, Plan A might eliminate 40 injuries (compared to some
baseline) at a total cost of $50,000, while Plan B saves 55 injuries at a cost of $65,000. Thus, comparing plans, B
costs $15,000 more than A, but results in 15 fewer injuries. The relevant question to ask is, “Is each injury reduction
worth at least $1,0002” If it is, then Plan B dominates; if not, then Plan A is preferred. This gives decision makers
the opportunity to subjectively evaluate the costs and benefits (or output measures) of the plans. The planner is not
required to determine the exact value of a prevented injury. The key in cost-effectiveness analysis is to look at differences
between the results of alternatives, divided by the difference in cost. This is illustrated in Figure 7-3.

One approach, perhaps not entirely satisfactory, is to evaluate the project with ranges of costs associated with the
difhicult-to-quantify factors. If there is a positive net benefit even with high values placed upon the nonmonetary
costs, it is likely that the project is desirable. On the other hand, if even low values placed on nonmonetary costs result
in low, or negative, net benefits, transportation planners may conclude that the alternative is not desirable. In most
cases, however, many project alternatives are likely to fall between these two extremes.

Benefit/Cost Analysis and Net Present Value (or Net Benefit). These related measures (sometimes also called
cost/benefit analysis) involve measuring as many criteria as possible in terms of monetary units (dollars). The per-
formance criteria represent the benefits, while the impact and implementation criteria represent the costs. Costs are
usually easier to estimate than benefits simply because they are already expressed in dollar terms. Because many costs
usually occur in the early stages of a project, and benefits are spread out over a number of years (see Figure 7-4),
discounting is used to bring all monetary streams (both costs and benefits) back to a current year (usually the year in
which the analysis is being done). That way, the costs and benefits can be put in equivalent year values. Discounting
is discussed in greater detail later in this chapter.

The alternative with the largest net benefit (present value of discounted benefits minus present value of discounted

costs) is the best alternative. Net benefit must exceed zero to justify the plan/alternative, and typically it must do so
by a considerable margin.

Figure 7-3. lllustration of Cost-Effectiveness Evaluation
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Benefit/cost (B/C) ratios should be used with ~ Figure 7-4. lllustration of Costs and Benefits for a Major Transporta-
great care because of the misleading results tion Investment

they can produce. Small projects often have [ total cost benefits
very hlgh B/C ratios, but are not necessarily net benefits (shown only after opeining in year 4)

the only project that should be undertaken.
Large projects may include components with
poor B/C ratios, and the ineffectiveness of

these components may be masked by averag-

ing them with other components with high i e continue

B/C ratios. Both B/C and net benefit eval-  pepefits

uations suffer from the limitation that they 123 ’—Z

require dollar values for all benefits. 0 H2A-4 A4 Ve
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Another important point to recognize with ~ costs
B/C analysis is that when multiple projects |
are being compared, the incremental B/C of

one project over another is the key to best
project selection, not just the overall B/C

ratio. The incremental B/C ratio of project j =
compared to project £ would then be:

10

Incremental B/C of project j over £ = (B, — B,)/(C; — C)

Remember, this incremental approach was also true for cost-effectiveness analysis.

A simple example illustrates the concept of incremental B/C ratios, as well as the mistake of simply accepting the first
B/C ratios as the criterion for selecting the best project. Assume that a planner has estimated the present value of costs
and benefits as shown in Table 7-4 for five projects. As can be seen from this table, project A has the largest B/C ratio,
and thus one might be tempted to choose this project. However, one must first conduct an incremental B/C analysis
to make such a determination.

First note that the B/C ratio for project C is less than 1.0, so this means that project C is no longer in consideration.
Comparing the lowest cost alternative with the next highest alternative, we look at the value of A compared to B.

PVBy—PVB, 460,000 — $375,000
PVCy—PVC, ~ $200,000 — $150,000

Incremental B/C Comparing B to A =

Given that the incremental B/C ratio is greater than 1.0, the higher cost alternative (B) dominates the lower cost
alternative (A). In plain English, what the 1.7 means is that for every $1 of additional cost to construct project A, one
would get $1.70 in additional benefit. In the absence of any extenuating circumstances, this would be a logical action
to take.

We now conduct the next incremental B/C analysis by comparing project D to project B, remembering that project
C is no longer in the mix.

PVBp—PVBg  $500,000 — $460,000
PVCy—PVCys  $250,000 — $200,000

Incremental B/C Comparing D to B =

Table 7-4. Example Benefit/Cost Analysis

Discounted Benefits and Costs

A B C D
PVB | $375,000 | $460,000 | $500,000 | $500,000
PVC | $150,000 | $200,000 | $550,000 | $250,000
B/IC | 25 2.3 <1.0 2.0
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Given that the incremental B/C ratio is less than 1.0, the lower cost alternative (B) dominates the higher cost alternative
(D). Or in plain English, spending an extra $1 to construct project D will earn you $0.80, not a good return on your
investment. Thus, alternative B is the recommended project.

Note in this case that the initial B/C ratios of each project gave project A the highest initial value, and yet project B
was the recommended choice. This is one of the mistakes often made by engineers—choosing the highest B/C ratio
after the initial comparison. In other words, we want to find the project alternative with the highest marginal benefit
per additional unit cost which may not necessarily be the project with the highest overall benefit/cost ratio. Also note

that by simply finding the net annual worth, we would have chosen project B immediately because it has the highest
NPV ($460,000 — $200,000 = $260,000).

B/C analysis and net present value work best when there are active markets for goods and services that can be
used to provide prices for the additional expenditure or savings. An alternative that reduces fuel consumption by
30,000 gallons per year can be said to save $90,000 a year if fuel is valued at $3 per gallon. However, not all items
have active markets. Most environmental costs do not, nor do health effects. A shortcoming of B/C analysis is that it
cannot assess the large number of social, environmental, and political effects that often must be considered in evalu-
ating large projects. Various attempts have been made to place monetary values on factors such as noise, air pollution,
aesthetics, displacement, safety, and so on, that are intrinsically difficult to value. Generally, there has been a tendency
to ignore these nonmonetary costs in B/C analysis because they are difficult to value, and this can result in a biased
selection of alternatives.

For an overview of benefit/cost techniques for evaluating highway investments, see FHWA’s Economic Analysis Primer
at http://www.thwa.dot.gov/infrastructure/asstmgmt/primer05.cfm.

Return on Investment. Return on investment (RO, or rate of return) is another technique applicable to analyses
in which cost and benefits can be measured in dollar terms. The rate of return is the interest rate that makes the
costs equivalent to the income stream. For example, a $300,000 investment will result in new operating revenue of
$50,000 per year, and annual operating costs of $20,000 per year. It is estimated that the salvage (resale) price of the
investment will be $150,000 in 10 years. The rate of return on this investment would be approximately 6.2 percent
per year.

An obvious limitation of the ROI method is that although it tells us the rate of return on the investment, it says nothing
about the overall benefit achieved. A very small project might have a very high rate of return, whereas a large project
might have a lower but still substantial rate of return. This does not mean that the very small project should be chosen
over the large project. Rate of return has mostly found favor in the private sector, where it is sometimes used to guide
management investments and evaluation of performance. The popularity of ROT has caused some confusion, however,
in public-sector evaluation. The interest rate charged (effectively a discount rate for the project) in the private sector
will almost always include the risk associated with borrowing the capital funds to build the project; firms teetering on
bankruptcy can only sell bonds at interest rates much higher than those of a stable, profitable company. This is known
as a risk premium.

In public-sector economics, it is better to consider risk through an explicit evaluation of different outcomes, rather
than through a higher discount rate. Private-sector risk often includes the possibility of default—that is, the bonds
(or other financial instruments) have zero value. In the public sector, the risk is generally that costs will be greater, or
benefits lower, than forecast (or both). This is discussed in the section on risk and uncertainty.

Project Evaluation Period, Useful Life, and Salvage Values. Costs and benefits are usually accumulated over a
project period that represents some reasonable planning horizon. The planning horizon will depend on the nature of
the project and the technology employed. Ten to 30 years is most common, although occasionally analyses are done
for 40- or 50-year periods. Long evaluation periods are problematic because the accuracy of the projections of demand
and usefulness of the improvement becomes increasingly less certain as the project time horizon is extended into the
future. Technology—along with public attitudes and values—may change in unpredictable ways. A reasonable rule
of thumb for defining a planning horizon is to use the service life of the alternative with the longest service life under
consideration. This is usually not more than 40 years.

Different components of a transportation system have differing service or useful lives. Some commonly used
values are shown in Table 7-5. Those with an asterisk are ones specifically recommended by the Federal Transit
Administration (FTA).
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Table 7-5. Typical Service Lives of Transportation Assets

Diesel bus (urban standard) 12 years*
Mid-size bus (medium duty) 10 years

Van (9-15 passengers) 4 years

Rail vehicles 25 years*
Fixed guideway trolleys 25+ years*
Parking lot 20 years*
Parking structure 25 to 50* years
Fixed facilities (stations, structures) 50+ years*
Land (including clearance and relocation) | 100* years to Infinite
Pavement (asphalt) 20 years

Train control systems 30 years*®

Source: FTA, 2008

These estimated service lives assume a relatively high level of maintenance (both corrective and preventive); thus, the
service life is a function of technological obsolescence, rather than of the physical deterioration of the subsystem itself.
Technical obsolescence can be due to a number of factors, including better ways of doing something, maintenance
costs growing relative to the replacement costs, and better uses for the asset. As an example, high fuel prices can make
a serviceable transit fleet obsolete because of the availability of newer, more fuel-efficient vehicles.

The useful lives noted above assume that there will be periodic major maintenance and overhaul activities, which must
be included in the cost analysis. These occur at various intervals throughout the study period. For example, a study
period of 25 years may require that a bus fleet be replaced twice—once at year 12 and again at year 24. A capital
recovery factor (annualized cost) can be used to avoid the problem of the leftover or residual values of the vehicles in
the 25th year. Because land is technically not “worn out,” it typically has an infinite life. (The difference between the
assumption of 100 years and infinite is virtually nil in the discount tables.)

Longer useful lives, all other things being equal, will tend to reduce the annualized cost of an asset. Because of dis-
counting, the analysis will not be very sensitive to errors made in the far “out” years; for example, there is a relatively
small difference between the annualized cost of an asset lasting 30 years and one lasting 35 years. However, the error
can be substantial with mis-estimation in the early years. For example, the difference in annual cost for an asset lasting
5 years is very different from one lasting 10 years.

Salvage values represent the value of a project or project component at the end of the study period. Just like an old car
being turned in for a new model, most of the components noted have some remaining value at the end of their service
life. However, because many of the subsystems have long service lives, the salvage value is typically not realized until
some distant out-year. Thus, it is often more convenient to ignore them as part of the economic analysis. In addition,
the values are often insignificant because they are so small at the end of a long project evaluation period, and their
present worth often turns out to be less than 1 percent of the cumulative project cost. With increased emphasis on
recycling building materials, however, this could change for certain physical assets.

2. Definition and Use of Discount Rates

Because projected costs and benefits occur at different times, a present-value analysis needs to be employed to account
for the time value of money. A discount must be applied to future values because a dollar received today is not the
same as a dollar received in the future—even after making allowance for inflation and the risk of not being paid.
The present value (or present worth) of net project costs is the basic cost measure used in comparing costs and the
cost-effectiveness of alternatives. A discount factor is used to convert future costs and benefits to a present-year value.
Thus, the annual estimates of future benefits and costs are discounted to present values using a discount factor that
acknowledges the potential rate of return from an alternative investment of the same amount of money.

Given a discount rate of 7, an interest rate of 7 and costs (or benefits) occurring # years from now, the equation that
relates future values to current values is given as:

F=P(1+i) orP=F/(1+7r)
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where:

P = Present value of an amount

F = Equivalent future value of the amount (nominal dollars)
i = interest rate per annum

r = discount rate per annum

In this equation, estimating the future value of a present sum uses an inzerest rate similar to the interest rate provided
by lending institutions. However, if you want to estimate the present value, P, of a future sum, £, then you discount
the future sum to the present time with a discount rate. The discount or interest rate is expressed as a decimal value.
For example, a 7 percent discount rate would be 0.07. If a cost (or benefit) accrues 5 years from now, with an interest
rate of 5 percent, the interest rate factor applied to it should be (1 +.05)° & 1.28. In other words, $1.00 in current
costs (or benefits) is equivalent to $1.28 five years from now assuming an interest rate of 5 percent. Or alternatively,
a future value of $1.28 is equivalent to $1.00 in current costs (or benefits) discounted over 5 years at a 5 percent
discount rate.

As can be seen above, strictly speaking, a discount rate is not identical to an interest rate. In public sector economics,
a discount rate actually represents society’s preference between the value of consumption today and consumption in
the future—in other words, a social time preference rate. Most practicing planners and engineers will not have to
deal with this distinction, but should be aware it exists. There are many readings on engineering economy for those
interested in pursuing this topic in greater depth (see, for example, [Berechman, 2009; Sinha and Labi, 2007; and
Markow, 2012]).

Choice of the appropriate discount rate can often be a controversial decision. Discount rates in the range of 5 to
10 percent are most commonly used. For a U.S. federally funded project, at least one analysis must be done with a
7 percent discount rate, as mandated by the U.S. Office of Management and Budget (OMB) in Circular A-94. As
noted by OMB, “The 7 percent rate is an estimate of the average before-tax rate of return to private capital in the U.S.
economy. It is a broad measure that reflects the returns to real estate and small business capital as well as corporate
capital” (see [OMB, 1992] for further discussion). Interestingly, the FTA recommends a discount rate of 2 percent
for major transit investment analysis.

Many agencies prefer to use as their discount rate the interest rate at which they can normally borrow funds. For
example, at the time of this writing, most U.S. state and local public agencies can issue long-term bonds at an interest
rate of 2.5 to 5 percent per annum that are exempt from state and federal taxation.

One approach to defining a discount rate is based on the concept that the no-build alternative, which by definition
assumes little or no investment, leaves money available in the lending market for private sector investment. Thus, the
discount rate could be estimated as the assumed rate of return on an alternative private investment with the amount
of money needed for a build project, before taxes and excluding inflation.

The higher the discount rate, the greater the comparative effect on the economic efficiency of costs incurred during
the early years of the project period, and the lower the comparative effect of costs incurred in later years. Thus,
low discount rates will favor large, capital-intensive projects with long lives, whereas high interest rates will favor
projects with lower capital, greater operating and maintenance costs, and shorter useful lives. This is why capital-
intensive projects in countries with very high interest rates

(for example, much of the developing world) do not make  Eigyre 7-5. Effect of Discount Rate on Present Worth

as much sense to investors as in countries with relatively
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Capital Recovery Factor. Once a useful life and discount rate have been selected, it is possible to define an annual
capital recovery factor (CRF) for an asset. The CRF is merely a combination of the cost of funds tied up in an
investment, plus an annual amount to recover the asset’s depreciation and replacement costs. More formally, it is the
future series of end-of-period payments that will just cover a present sum () over # periods, with compound interest 7.

The CRF is estimated as:

CRF = (1 4+ r)
0+ —1

Tables are widely available in engineering economy textbooks for different interest or discount rates, and number of
time periods (usually in years). Notice that over a long period (# is very large), the CRF will approach 7 as a limit.
Here is an example:

What is the CRF and annualized cost of a $300,000 bus, assuming no salvage value and a 7 percent discount rate?
The useful life of a bus, as previously noted, is 12 years. Thus, the CRF will be:

_0.07(1+0.07)"  0.15765

- - =0.12
(140.07)2—-1 12522 >

Of this amount, one-twelfth (or 0.08333) will be for depreciation of the asset (assuming the bus depreciates uniformly
over 12 years), and the remainder (0.04257) for the average payment on the remaining balance. The annualized cost

will be:
$300,000 % 0.1259 = $37,770 per year

The example includes some rounding. In most cases, it is not necessary to carry out the results to more than four or
five decimal places unless a very large sum is involved. CRFs can also be extremely useful in thinking about renting
an asset at a given rate of return (the discount rate). They can also be used to determine the equivalent annual cost of
assets with varying service lives.

Effects of Inflation. Annual costs and benefits are usually measured in constant (for example, 2016) dollars, thereby
excluding the effects of inflation. Adjustments are sometimes made to base unit costs to account for net or real changes
in the economic values for costs expected to change at rates higher or lower than the average inflation rate in the
economy. Although some cost items at one time rose faster than inflation, historically, future extrapolations of such
differences have not been very accurate. Some forecasts have been spectacularly wrong, especially because sharp price
spikes sometimes turn out to be relatively short-lived.

The important thing to understand is that inflation will have no effect on determining present values for the economic
efficiency analysis. Inflation will, however, be a major consideration in the financial feasibility analysis for which pro-
jections of future capital and operating needs will have to be expressed in inflated dollars. Basic financial comparisons
are usually performed using an assumed inflation rate, or better yet, a range representing the most reasonable opti-
mistic (lower) and pessimistic (higher) rate range. A “real” discount rate is the discount rate net of inflation and is used
to estimate constant dollar amounts. A “nominal” discount rate includes the rate of inflation and is used to estimate
current or end-of-year dollar amounts.

An oft-heard complaint is: “If we don’t build this now, the cost will keep going up due to inflation!” The economic
cost of the project is determined by real resources that must be invested in the project: hours of labor, pounds of steel,
cubic yards of earth moved, and so forth. If correctly estimated, these quantities should change little over time. On the
other hand, financial costs—wage rates, unit prices for materials—mostly increase over time due to inflation. Thus,
from a financial perspective, that is, the amount of money that will be necessary to build the project in the future, the
complaint is correct.

Take an example of a project estimated to cost $30 million if built today. Waiting until next year, with inflation
at 5 percent per year, the project will cost $31.5 million. If project funds were placed in an investment earning
5 percent per year, there would be $31.5 million next year to build it. Of course, the problem with this illustration
is that most government budgeting works with a fixed dollar amount without regard to inflation. If the funding
agency has set aside a fixed amount (such as $30 million) for the project, then someone will have to come up with
the additional $1.5 million at the actual time of construction next year, to cover inflation. However, this problem
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is due to governmental budgeting practices, not due to inflation. The more important issue is that whatever benefits
the project would have produced in the year’s delay are lost. The lost travel time, cost of crashes, and so forth,
cannot be regained.

3. Treatment of Risk and Uncertainty in Project Evaluation

Inadequate treatment of uncertainty (risk) and potential error in cost estimates has been a recurring problem for
major transportation projects (both highway and transit). Generally, the tendency at the planning stage has been to
underestimate costs and overestimate benefits (see, for example, [Button, 2009; Danata et al., 2006; and Flyvbjerg
etal., 2002]). Defining error as the difference between the planning estimates and the actual cost to build the project,
it is possible to identify four potential sources of error:

1) Changes in the scope of the project
2) Changes in the design standards used to build the project
3) Incorrect unit cost assumptions in the planning estimates

4) Unforeseen problems in implementing the project (including delays)
Each of these is briefly covered below:

Changes in Scope—In the project planning phase, planners often face a wide variety of options: alignments,
degree or type of grade separation, length and location of the facility, design speed, quality of service, and so forth.
The design speed and quality of service overlap with changes in design standards. Citizen participation in the project
development process may result in scope changes at a later phase of development, which is one reason for incorporating
stakeholder participation early in the planning process. For example, citizen protests regarding an elevated freeway
might require it to be placed below grade in a cut. Another example is costing a bus tunnel and then later deciding
to add tracks to accommodate a future light-rail system. Unforeseen environmental mitigations are also incorporated,
including remediation of toxic substances.

Changes in Design Standards—These are similar to the broader uncertainties about scope, but are more specific
in nature. Design standards cover the entire range of the physical characteristics of the project, including vertical and
horizontal clearances, seismic standards, materials, upgrading amenities, environmental mitigations, and so forth.
Examples include: (1) requirements for higher vertical clearances for all new interchanges after the cost estimates had
been prepared, (2) changes in accessibility requirements for the disabled/handicapped, (3) revisions to flood maps
requiring higher elevations, and (4) discovery of endangered species, requiring additional study (time delays) and
project mitigation.

Errors in Unit Cost Assumptions—A variety of potential errors exist in the unit cost assumptions used in project
planning. Unit costs are generally derived from actual (submitted) bids from other similar projects. These costs are
averaged from several projects. Their transfer to the current situation is often uncertain in terms of the commonality
of definitions used for both the historic data and the unit costs defined for the project planning effort. The use of cost
averages from comparable projects can also introduce errors because of cost differences due to time of construction,
region of construction (costs can vary widely even county to county), incomplete understanding of all elements of
“comparable” projects, and the like. Additional uncertainty in unit costs includes the availability of appropriate con-
struction firms and skilled labor, the bid climate during the construction period, the actual quantities supplied, and
fluctuations in basic materials prices.

Difficulties in Implementation—DPerhaps the largest source of uncertainty in costs during the planning stage is
the inability to anticipate difficulties that will be uncovered in later stages of project development. These uncertainties
often come with right-of-way acquisition, utility relocations, soil conditions, lawsuits, and discovery of historically
significant artifacts during excavation. Delays in implementation generally raise costs because of inflation and because
of the costs of stopping and then remobilizing labor. Contractors may be owed special payments for such stopping
and restarting, and scope changes during construction (exzra work orders) can prove costly because there is relatively
little bargaining power with the contractor who is already contracted to do the work. Encountering the unexpected
during construction is not unusual; archaeological finds, toxic wastes, flammable or poisonous gases, water intrusion,
and unforeseen damage to nearby buildings have all been factors raising the cost of major transportation projects
in recent years. Wilson discusses the role of value engineering (VE) and risk management in controlling such costs.

[Wilson, 2005]

The problem of cost mis-estimation is international in scope, with many high-profile megaprojects going over budget
by significant amounts. Flyvbyerg et al. [2003] found numerous examples of cost overruns on large projects, including
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the Boston, Massachusetts, Central Artery (actual cost was three times the estimate); the Humber Bridge in England
(actual cost was 2.75 times the estimate); the Washington, DC Metro (actual cost was 1.85 times the estimate), and
the Channel Tunnel rail project (actual cost was 1.8 times the estimate). Their other significant conclusions about
large infrastructure projects included:

o Ninety percent of very large infrastructure projects had underestimated costs.

o Rail projects had the worst cost accuracy, costing on average 45 percent more than the estimates.
o Tunnels and bridges cost 34 percent more on average than estimated.

 Roads were 20 percent more costly on average than estimated.

e Over all, transportation projects were 28 percent more costly than estimated.

o Cost underestimation has not decreased over time; no learning seems to be taking place.

One way of dealing with uncertainty, especially for cost estimates, is to assign contingency factors to cost estimates
during the planning stage. The net effect of this approach is to increase project cost estimates (especially for cost
estimation during project planning stages) to take uncertainties or risks into account. For example, Table 7-6 shows
contingency percentages (of the estimated project costs) associated with different components of a planned streetcar
line in Washington, DC. Allocated contingency is used for projects where the engineering design level is determined to
be less than preliminary engineering completed. Because project information is incomplete for individual components
of the project, and the risk associated with this lack of information is potentially large, a contingency allowance is
added to the planning cost estimate. Unallocated contingency is primarily an allowance for unknowns and risk related
to the level of engineering design completed. As a project or alternative goes through more detailed engineering, the
uncertainties should decrease, and thus the contingency percentages as well.

Another way of treating uncertainty is to assign probabilities to specific outcomes. For example, consider Table 7-7,
showing the net present value of benefits for three projects. The rankings of the three projects will depend on the
ultimate outcome. Under the most optimistic or most likely outcome, Project A is superior to the others, but under
worst-case conditions, it is far worse. Let’s say that there is a 10 percent probability that either the best or worst case
will occur, and an 80 percent probability that the most likely outcome will occur. Expected values can be associated
with each project:

E(A) = (0.1)500 + (0.8)(100) + (0.1)(—=500) = +80
E(B) = (0.1)(400) + (0.8)(50) + (0.1)(0) = +80
E(C) = (0.1)(80) + (0.8)(80) + (0.1)(80 ) = +80

In this example, all three projects have an equal expected value. If there is no good reason to alter either the probabilities
or the net benefit estimates, risk aversion may be a tie-breaker. Project C, although it has the poorest payoff under
either the best or most likely case, is a “sure thing.” Project A offers the highest potential payoff under the most
optimistic set of assumptions, but also has a very large downside risk. It may wind up having substantial negative net
benefits. Other factors that might be considered include: (1) equity impacts of the various projects and (2) support
among the public or decision makers for specific projects (including level of controversy).

An obvious limitation on the expected value technique is that it may be difficult to assign reliable numbers
to the probabilities of outcomes. Some ways of doing so might be through Delphi planning techniques, with
simulation techniques for inputs and assumptions, or by looking at the outcomes of other projects of a sim-
ilar size and nature. [Small, 1999] For example, if a third of similar projects ran 50 percent over budget, a
worst-case analysis might include a scenario in which costs actually turn out 50 percent greater than assumed for
the analysis.

Risk Assessment in Climate Change Adaptation Planning. The transportation planning profession has begun to
consider the potential effects of a changing climate on the performance of the transportation system. Such a consid-
eration takes uncertainty to a new level in transportation planning—what will a change in climate 50 years from now
mean to transportation systems, and what should we be doing now in terms of facility design or land-use plans to
reduce such impacts?
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Table 7-6. Contingency Percentages for Planning Estimates, Anacostia Streetcar Project, Washington, DC

Allocated
FTA Category Contingency
No. Description Percentage
Allocated Contingency
10 Guideway and Track Elements
¢ Guideway elements (except underground) 25%
¢ Guideway elements (underground) 35%
¢ Track elements 20%
20 Stations, Stops, Terminals, and Intermodal 20%
30 Support Facilities: Yard, Shops, and Admin Buildings 20%
40 Sitework and Special Conditions
¢ Demolition, clearing earthwork 25%
e Site udilities, utility relocation 30%
e Hazardous materials, contaminated soil removal/mitigation, ground water treatment 30%
¢ Environmental mitigation, e.g., wetlands, historic/archaeological, parks 30%
e Site structures including retaining walls, sound walls 25%
e Pedestrian/bike access and accommodation, landscaping 25%
¢ Auto, bus, van access including roads, parking lots 25%
50 Systems 20%
60 Right-of-way, Land, Existing Improvements 50%
70 Vehicles 10%
Unallocated Contingency
Unallocated
Contingency
Estimate Type | Description Percentage
Planning System planning 15%
Alternative analysis 10%
Design Preliminary engineering 20%
Final design 15%
Construction 10%

Source: DC DOT, 2013

Table 7-7. Comparison of Values of Three Mutually

Exclusive Scenarios with Three Potential Outcomes

Outcome (Net Benefits)

Best Case | Most Likely | Worst Case
Project A 500 100 =500
Project B 400 50 0
Project C 80 80 80

According to FHWA, “A risk assessment integrates the severity or consequence of an impact with the probability
or likelihood that an asset will experience a particular impact. To determine consequence, transportation agencies
may wish to consider the level of use of an asset, the degree of redundancy in the system, or the value of an asset
(in terms of cost of replacement, economic loss, environmental impacts, cultural value, or loss of life).” [Federal
Highway Administration, 2012] Table 7-8 shows some of the evaluation techniques that could be used to assess the
risks associated with climate change adaptation projects.
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Table 7-8. General Adaptation Option Evaluation Methods

Quantitative and/or
Tool/Technique Qualitative Methods | Alternative Methods | Economics-based Methods

Consultation Exercises X

Focus Groups X

Ranking/Dominance Analysis X

Screening X

Scenario Analysis

Cross-Impact Analysis

Pairwise Comparison

X P R K

Sieve Mapping

Maximax, Maxi-min, Minimax, Regret

Expected Value

Cost-Effectiveness Analysis

Cost-Benefit Analysis
Decision Analysis
Bayesian Methods

Decision Conferencing

PR R DR ] XK < R

Discounting

Environmental Impact Assessment/Strategic X
Environmental Assessment

Multi-Criteria Analysis (Scoring and X
Weighting)
Risk-Risk Analysis X

Contingent Valuation

e Revealed performance

o Stated performance X

Fixed Rule-based Fuzzy Logic

Financial Analysis

>~
>~
R KR KX

Partial Cost-benefit Analysis

Preference Scales

XK PR A

Free-form Gaming

Policy Exercise X
Source: Wall and Meyer, 2013 adapted from Willows and Connell, 2003

One of the approaches suggested by those who have examined this issue is a risk-based planning approach (see [Meyer
et al., 2014; Wall and Meyer, 2013] for an overview of risk in climate adaptation planning).

4. Typical Problems, Issues, and Errors in Project Evaluation
This section reviews some common errors and misunderstandings that occur in evaluating transportation projects. It
is intended to illustrate frequently found errors, rather than an exhaustive review of all possible problems.

External Funds (Grants) Are Subtracted from the Capital or Operating Costs of the Project. External grants (for
example, from a state or federal agency) represent real resources and as such must be counted in the cost calculation
for the project. Although external grants may provide local economic benefits, their application to a specific project
means that resources have been diverted from other uses or other entities paying taxes. Therefore, external grant sources
should never be subtracted from costs.

This problem can also lead to selection of capital-intensive projects because external funding programs will often pay
for capital but not operating or maintenance expenses. Although this problem can be noted in the analysis, a fair
analysis should still consider all real resources used. External grants (or any other matching funding, for that matter)
may be legitimately considered at the prioritization stage of project development.
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All Costs of the Project Are Not Included (Construction Period Delays, Energy Use). This problem frequently
occurs in highway construction projects, where the cost of traffic delays during construction is omitted. Including
such costs gives a truer picture of the benefits of an improvement and may also lead to better traffic-control plans
during construction to minimize construction delay. Another example is in the analysis of the net energy payback
from transit projects. In some cases, the considerable energy used in constructing a subway has been ignored, and
only the operating and maintenance energy consumption of the subway versus autos is used. Ignoring the energy used
during a construction project will bias the result toward a lower operational energy cost.

Some Benefits Are Double-Counted. This occurs very often in analyses that consider both user and supplier
impacts. For example, in one study of the social costs of automotive use, the authors calculated the total cost of
crashes, then added in auto insurance premiums to get a total cost of crashes. In reality, of course, insurance offsets
some of the cost of crashes; only the amount not compensated by insurance should appropriately be considered in
such a calculation. Another example includes travel time savings from a new rail system and increases in property
values near stations. In fact, this is a double-counting because the increase in property value is merely a way that
property owners reap a benefit from reductions in user travel time; one is a function of the other, and adding the
benefits together results in double-counting.

Average Rather Than Marginal Costs/Benefits Are Used in the Analysis. In economic decision theory, it
is the differences between alternative choices that count, not the average value. As economists say, all decisions
are at the margin. What counts is how much additional benefit can be achieved for how much additional cost.
The average cost is not the relevant consideration. Average costs (or benefits) are often used to mask politically
motivated decisions.

Differences between Market and Societal Costs (Prices) Are Ignored. Ignoring societal costs of inputs or
byproducts of a project can again lead to less than optimal decisions and overconsumption of a good. One such
case is that of a city considering electric trolley buses to replace diesel services. One of the major operating costs
of the system was electrical power. The city also owned a hydroelectric-power system, which would sell excess
power to other departments at a cost based on the historical investment cost of the system, which was about
2.5 cents/kilowatt-hour, a price well below the market rate. This energy price was used in the economic assessment of
the replacement service.

The economic evaluation should have used the going market rate. The opportunity cost of the power was the price at
which it could be sold to willing buyers (for example, a local private utility). That cost was easily determined because
such a market existed; the lower price reflected a bias among the evaluators to promote electric trolley bus services.

An Inappropriate Discount Rate Is Chosen. Excessively low discount rates will artificially favor projects that are
capital-intensive and have a very long life. Many water projects in the United States have been historically based on
3 percent discount rates and 100-year service lives—assumptions that tended to strongly favor major capital invest-
ments. Any analysis using a discount rate less than the agency’s cost of capital—currently at least 4.5 percent—should
be suspect. At least one analysis should be done using a 7 percent rate. In less developed countries, higher discount
rates may be appropriate to reflect the scarcity of capital available for investments.

Network and Other Important Effects Are Ignored. Examining a significant improvement in isolation from the
rest of the transportation network is likely to give misleading results, especially when it is part of a congested network.
For example, if only the travel time benefits to a single route are examined, the benefit to parallel facilities (in terms
of reduced delay, collisions, and the like) will be improperly ignored. These effects can only be estimated when a
network travel model is available. The author’s experience has been that in certain instances, the travel time savings
to other nonimproved facilities is as great, or greater, than the benefit to the improved facility when the network is
highly congested.

Similarly, the analyst should be careful that when estimating travel time savings due to new capacity, the impact of
travel time shifting is accounted for. This effect has been shown in a number of empirical studies: When new capacity
is available, drivers may shift their travel time closer to the peak hour, negating some of the benefits of the capacity
increase. Naturally, there is some benefit to drivers who can time their trips closer to the time they would prefer to
make them, but the point is that the benefit analysis, which is based on travel time savings, may overestimate the
improved travel speeds. Similarly, if the project will save a considerable amount of driver time, it may draw some
passengers from parallel transit routes or, if high-occupancy vehicle (HOV) lanes are to be implemented, some transit
riders may switch to carpools.

Evaluation and Prioritization Methods * 261



C. Prioritization and Programming of Projects

Once a set of desirable projects has been developed, it is necessary to identify which projects are better than others, and
also to establish the timing for project implementation. This timing will need to consider budget constraints (not all
projects can be done at once) and also the precedence and interdependencies between projects (Project B may require
that Project A be completed first in order to be effective).

Project prioritization is inherently normative, with the usual objective being “given a budget constraint of x dollars
over y years, what combination of projects will maximize the benefits achieved?” For example, a metropolitan planning
organization (MPO) might have discretion over $20 billion in capital investments over 20 years (not all available
equally each year). The budget constraint is assumed to be exogenously determined (that is, taken as a given), although
information on project benefits might be used to persuade decision makers to increase the budget, if justified.

A peer review of state department of transportation (DOT) and metropolitan planning organization (MPO) efforts
at multimodal project prioritization made the following recommendations in developing prioritization criteria.

o Criteria should be simple and articulated at a high level to keep decision making transparent.

e Prioritization criteria should calculate the benefits of proposed projects, and not simply assess the existing
conditions.

o 'The content of long-range transportation plans and other multimodal plans should support an agency’s choice
of prioritization criteria.

o Agencies should choose a manageable number of criteria (i.e., five or six) to focus on meaningful and
comprehensible outcomes.

e Ciriteria should focus on impacts to the traveling public rather than on impacts to infrastructure itself
(e.g., amount of traffic crossing deficient bridges rather than the number of deficient bridges).

¢ Ciriteria should consider the context of each project (e.g., a rural project should not necessarily lose points for
not including sidewalks).

e Where possible, criteria should rate projects based on mode-neutral characteristics, such as “asset condition”
rather than “pavement condition.”

¢ Ciriteria should focus on outcomes rather than outputs. [Middleton, 2014]

A recommended best practice not identified in this list, but mentioned in earlier sections, is that prioritization criteria
need to reflect the goals and objectives of the planning study. For example, Table 7-9 from the Delaware DOT shows
how the criteria used in the project prioritization process relate to the mission, vision, and goals established for the
state’s transportation program.

The prioritization process is easier where both costs and benefits are quantifiable. AASHTO recommends ranking
projects in descending order of B/C ratios (where available), independent of their net present values (NPVs), and
then selecting projects for construction until the budget is exhausted. [AASHTO, 2010] The process is easiest when
projects are mutually exclusive—one, and only one, project will be picked. Where projects are interdependent, it may
be best to try to group together projects that require a second project to be fully usable. If possible, the NPV of the
first-phase project or project segment should be estimated. In most cases, the first-phase project should have some
independent utility, even if it must precede another project to obtain its full benefit.

A further complication in government finance is that some projects will be eligible for matching or restricted funds
from an external funding source (typically the federal or state government). In that case, some agencies’ program
projects maximize the capture of external funds, until the maximum available in any fiscal year is reached. This is often
done at state DOTs to maximize the use of federal highway funds. Projects that exceed external funding eligibility are
then moved to a second tier of competition with projects not eligible for external aid. Another consideration may be
that states or counties are statutorily entitled to minimum budget allocations (a normative form of geographic equity).
Regardless of these special provisions, it is critical that all projects should have positive NPVs.

Programming is a different process than prioritization. Programming is simply matching the projects that have been
selected to the cash flow and investment timeframes that characterize a particular study time horizon. Programming
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Table 7-9. Delaware DOT'’s Prioritization Criteria in Relation to Agency’s Mission, Vision, and Goals

Mission Vision Goals Prioritization Criteria

Every Trip We strive to make every trip taken | Minimize the number of Safety
in Delaware safe, reliable, and fatalities and injuries on our System Operating
convenient for people and system. .

beop Y ) o ) Effectiveness
commerce. Build and maintain a nationally .
. . System Preservation
recognized system benefiting
travelers and commerce.

Every Mode | We provide safe choices for Provide every traveler with access | Multimodal
travelers in Delawar.e to access and choices to our transportation Mobility/Flexibility/Access
roads, rails, buses, airways, system.
waterways, bike trails, and
walking paths.

Every Dollar | We seek the best value for every Minimize the environmental Environmental

. >
dollar spent for the benefit of all. | impact of the state’s Impact/Stewardship
transportation system. .
.p ) Y o Revenue Generation and
Achieve financial sustainability Economic Development
through accuracy, transparency,
and accountability.

Everyone We engage and communicate Develop and maintain a place Impact on the Public/Social
with our customers and where talented and motivated Disruption/Environmental Justice
employees openly and respectfully | employees love to work and can
as we deliver our services. be national leaders in

transportation.

Source: Middleton, 2014

can also take into account other difficult-to-quantify factors, such as equity, level of project controversy, environmental
impacts, statutory requirements, and project readiness. These factors may be overlapping. For example, a controversial
project may also have undesirable equity or environmental impacts.

The evaluation techniques discussed earlier—effectiveness matrix, aggregate ranking, and cost-effectiveness— can
also be used to establish priorities and timing of projects. Typically, prioritizing projects will involve a wider range
of issues, including project financing. For example, a large, expensive project may require an agency to borrow funds
for its construction; the resulting debt service payments on the borrowed funds will reduce the amount available for
other projects later on.

An example of a prioritization scheme from Vancouver, Washington, is summarized in Table 7-10. Notice that this
prioritization scheme is based on assigning points to individual projects, summing the total points by “Needs” cate-
gories, and then multiplying by defined weights. Projects with the highest scores have greater priority over those with
smaller scores.

The peer review of cross-modal project prioritization mentioned earlier provided some useful observations of the
feasibility and ease of use of many of the more common prioritization criteria.

o Congestion. Measuring congestion provides transportation agencies with a good sense of system operating
effectiveness and a general assessment of the health of a transportation system. Several of the peers indicated
that congestion relief was one of the most easily quantifiable prioritization criteria.

o Economic Development/Competitiveness. Economic development and economic competitiveness are key
considerations for any transportation project; however, defining, estimating, and quantifying the economic
impacts of any given project can be a challenging and multifaceted task. Observations included: (1) estimates
of economic impacts might account for a wide range of factors, including: access to jobs, job creation, job
retention, port connectivity, freight mobility, attractiveness to new/existing businesses, access to shopping,
and even impacts to regional food systems, (2) job creation estimates often favor the selection of highway
construction projects, which tend to require higher labor costs over projects from other modes, and (3)
access to key job centers may be a more useful criterion for cross-modal project prioritization.
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Table 7-10. Example Selection Criteria, Transportation Improvement Program, Vancouver,

Washington
Summary of Needs Criteria
Evaluation Criteria Maximum Weight

Mobility 20
Multimodal/Operations 15
Safety 20
Economic Development 20
Financial/Implementation 15
Sustainability/Air Quality 10
Total Weight 100

Example Assignment of Points

Mobility, 20 Maximum Points

Existing Peak Hour Condition, 0-8 points

e V/C Ratio 0.9 or greater/Less than 60% of Posted Speed 8 points
e V/C Ratio 0.8 to 0.89/60—-64% of Posted Speed 6
e V/C Ratio 0.7 to 0.79/65-69% of Posted Speed 4
e V/C Ratio 0.5 to 0.69/70-74% of Posted Speed 2
e Transit (Unless corridor can be identified) 5

Network Development, 0-4 points

e Extends Improvements 1-2 points
o Completes Gap 2-3
e Completes Corridor 34
e New Network Connection 0-4
e Improves Parallel Corridor 0-2

Multimodal/Operations, 15 Maximum Points
Multimodal, 0-10 points

e Transit Expansion 0-8 points
e DPeak Hour Transit Buses (1 point per 2 Buses) 0-5
e Transit Replacement 0-3
o Exclusive Transit Lanes (Transit Only, BAT Lanes, etc.) 2-8
e Transit Amenities (Shelter, Bus-Pullout) 0-2
e Park and Ride Construction 5-8
e Carpool/Vanpool 1-3
e Improve Non-Motorized Access to Park and Ride/Transit 1-2
e Extends or Completes Gap in Bicycle Route 1-3
e Construct 10-foot separated path or two 5-foot striped bicycle lanes 2

o Sidewalks (Both Sides) 1-2
o Sidewalks wider than 5’ and/or Planter Strip (3’ minimum) 1-3
e Improves Transit Speed/Reliability 1-3
e Transportation Demand Management 1-3
e Contact C-TRAN’s Capital Project Manager (10+ days) 1

e Adopted Complete Street Policy 1

Safety, 20 Maximum Points
Existing Conditions, 0-6 points

e Pavement Widths (Deviation from standards) 0-2 points
o Shoulder Widths (1 pt. per 2 feet less than ¢') 0-3
e No Center Turn lane/Pocket (Project must correct) 1
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Table 7-10. (Continued)

Provides Access Management, 0—6 points

e Add Non-Traversable Median greater than 50% of Project Length
Add C-Curb at Intersections or less than 50% of Project Length
Close Minor Intersections
Reduce Access Points

NN~ N W

Eliminate Existing At-Grade Crossing

Economic Development, 20 Maximum Points

Employment Growth 0-12 points
e Retail Employment Growth (Regional Model-Select Link) 0-5 points
e Other Employment Growth (Regional Model-Select Link) 0-7

Financial/Implementation, 15 Maximum Points

Previously Completed Work (Prior to application deadline), 0—6 points

e Environmental Permits Submitted/Approved 1-2 points
e Plans, Specs, and Estimate Completed 2
e Right of Way Acquisition Complete 2
e No Sensitive Areas or Issues Pending 2

Sustainability/Air Quality, 10 Maximum Points

Sustainability Measures, 0-10 points

e Enhanced Treatment Stormwater Control 2 points
e Hardscaping or Native Planting (no permanent irrigation) 1

e Correction of Fish Barrier 0-3

e Enhances Stream Bank Conditions 1

e Corrects Existing Sensitive Area Impacts 2

e Appropriate Reduction in Existing Pavement Width 0-3

e Replace or Install Low-Energy Street Lighting 3

e Reuse/Recycling of Materials 2

e In-Place Pavement Reconstruction or Structural Retrofit 2

Source: Southwest Washington Regional Transportation Commission (RTC). 2015. Selection
Criteria Transportation Improvement Program. Vancouver, WA: RTC. Accessed August 7, 2015,
from http://www.rtc.wa.gov/programs/tip/docs/tipcrit1 5.pdf

e Public Health. Transportation agencies are increasingly considering the impact of transportation projects on
public health in their planning and project development processes. Some agencies are developing metrics for
the impacts of transportation projects on physical activity, particularly with regard to bicycle and pedestrian
facilities.

* Revenue Generation. Apart from economic impacts, some transportation agencies score projects based on a
revenue-generation criterion. This criterion refers to both project funding from partner agencies and the
potential for continual revenue generation through tolling or other means.

o Safety. Meeting participants observed that comparing the safety impacts of projects across modes is a major
challenge. In developing a truly cross-modal project prioritization process, the peers noted that agencies must
develop a strategy for valuing lives equally across all modes of travel. [Middleton, 2014]

The following case studies illustrate many of the characteristics of evaluation and prioritization that have been discussed
in this chapter.
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lll. CASE STUDIES

A. MPO Regional Transportation Plan (RTP)

The Metropolitan Transportation Commission (MTC) is the federally designated MPO for the nine-county San
Francisco Bay Area. Its jurisdiction encompasses approximately 7 million people, and it is one of the larger MPOs
in the United States. MTC is responsible under both federal and state law for programming billions of dollars of
transportation funds (capital and operating) each year.

Like all MPOs, MTC is responsible for maintaining the Regional Transportation Plan (RTP). The 2013 trans-
portation plan was one of the first in the United States to use a performance measure structure to assess the effec-
tiveness of proposed strategies and projects. In addition, the transportation plan was integrated with a proposed
land-use/development plan that promoted strong interaction between transportation investment and community
development. As noted in the plan:

“Ihe Plan Bay Area will address new requirements flowing from Californias 2008 Senate Bill 375, which
calls on each of the state’s 18 metropolitan areas to reduce greenhouse gas (GHG) emissions from cars and light
trucks. ... The mechanism for achieving these reductions will be a Sustainable Communities Strategy that pro-
motes compact, mixed-use commercial and residential development that is walkable and bikeable and close ro
mass transit, jobs, schools, shopping, parks, recreation and other amenities. If successful, Plan Bay Area will give
people more transportation choices, create more livable communities and reduce the pollution that causes climate

change.” [MTC, 2013]

Table 7-11 shows the relative impacts of the proposed plan on the performance measures identified as part of the
transportation planning process. Note in the figure the use of an arrow to indicate the extent to which a particular
performance target is met. Table 7-12 shows the equity assessment for the transportation plan. MTC also performed
a project performance assessment to identify the highest-performing investments. Each major project was evaluated
based on two criteria: benefit/cost ratio and a “target” score (which measures the contribution the project makes
toward achieving Plan Bay Area’s 10 adopted performance targets). Figure 7-6 shows the results of the project level
assessment. By using such a formulation, MTC was able to show decision makers what types of projects were most
cost-effective.

B. Corridor Plan

The Texas DOT conducted a corridor study of a major interstate highway in the Dallas-Ft. Worth metropolitan area.
Proposed improvements at different locations along the corridor included highway expansion with frontage roads;
managed lanes that utilize strategies for managing hours of operation, auto occupancy, and value/toll pricing; travel
demand management and transportation systems management (TDM/TSM) actions; and bicycle and pedestrian mea-
sures designed to decrease and manage demand on the transportation system. These elements include employer trip
generation programs, telecommuting options, traveler information, special event options, and signal and intersection
improvements.

The following goals and objectives were identified to guide the study. [Texas DOT, 2015]

Goal 1: Transportation Mobility and Efficiency: Provide transportation facilities and services in the corridor that improve
mobility, circulation, connectivity, and efficiency, reduce congestion, and effectively carry increased local, regional and
interstate traffic.

 Objective 1.1: Reduce traffic congestion and travel time on the facility for the safe, efficient, and effective
movement of people and goods.

 Objective 1.2: Plan transportation improvements in the corridor that provide sufficient accessibility to facil-
ities, including the appropriate design of highway main lanes, high-occupancy vehicle lanes, interchanges,
frontage roads, and bus transit facilities, and park-and-ride facilities, as needed.

* Objective 1.3: Verify that proposed corridor improvements are consistent with existing transportation plans
and coordinated with local and regional planning organizations.
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Table 7-11. Performance Assessment of Regional Transportation Plan, MTC, San Francisco Bay Area

Plan Meets or Exceeds Target

Climate Protection

Target #1: Reduce per-capita CO,
emissions from cars and light-duty trucks
by 15 percent.

Plan meets and exceeds target; reduces
per-capita emissions of CO, by 18
percent (by 2040).

© ©

Reduce Particulate
Matter

Active Transport

Target #5: Increase the average daily time

Plan boosts per-person active

Adequate Housing Target #2: House 100 percent of the Plan meets target; houses 100 percent of
region’s projected growth by income population growth.
level (very-low, low, moderate,
above-moderate) without displacing
current low-income residents.
Healthy and Safe Target #3a: Reduce premature deaths Plan meets and exceeds target; reduces
Communities from exposure to fine particulates (PM, 5) | premature deaths from exposure to fine :
Reduce Particulate by 10 percent. particulates by 71 percent.
Matter
Open Space and Target #6: Direct all non-agricultural Plan meets target; directs all
Agricultural Land development within the year 2010 urban | non-agricultural development within the
footprint (existing urban development existing urban footprint.
and urban growth boundaries).
Economic Vitality Target #8: Increase gross regional product | Plan meets and exceeds the economic
(GRP) by 110 percent—an average growth target; 119 percent increase in
annual growth rate of approximately 2 GRP is forecasted over the life of the plan.
percent (in current dollars).
Plan Makes Progress Toward Target
Healthy and Safe Target #3b: Reduce coarse particulate Plan reduces coarse particulate emissions
Communities emissions (PM;)) by 30 percent. by 17 percent, but falls short of target. @

walking or biking per person for
transportation by 70 percent (for an
average of 15 minutes per person per day).

transportation by 17 percent, but falls
short of target.

Transportation System Effectiveness

Increase Non-Auto

Target #9a: Increase non-auto mode

Plan boosts non-auto mode share to 20

Mode Share share by 10 percentage points (to percent of trips, but falls short of target.
26 percent of trips).
Reduce VMT per Target #9b: Decrease automobile vehicle | Plan reduces VMT per capita by 9
Capita miles traveled (VMT) per capita by percent, but falls short of target.
10 percent.
Local Road Target #10a: Increase local road Plan improves pavement condition of
Maintenance pavement condition index (PCI) to 75 or | local roads to a PCI of 68, but falls short

better.

of target.

Plan Moves in Opposite Direction From Target

Reduce Injuries and
Fatalities from

Target #4: Reduce by 50 percent the
number of injuries and fatalities from all

Plan moves in opposite direction from
target; injury and fatality collisions are

Collisions collisions (including bike and pedestrian). | projected to increase during plan period
by 18 percent.
Equitable Access Target #7: Decrease by 10 percentage Plan moves in wrong direction; the share

points (to 56 percent from 66 percent)
the share of low-income and lower-middle
income residents’ household income
consumed by transportation and housing.

of household income needed to cover
transportation and housing costs is
projected to rise to 69 percent for
low-income and lower-middle income
residents during the Plan Bay Area period.

© @looe@

(continued)
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Table 7-11. (Continued)

Transportation System Effectiveness

Highway Maintenance

Target #10b: Decrease distressed
lane-miles of state highways to less than
10 percent of total lane-miles.

Plan moves in opposite direction from
target; the percentage of distressed state
highway lane-miles in the region will rise
to 44 percent of the regional highway
system by year 2040.

(©)

Transit Maintenance

Target #10c: Reduce the share of transit
assets past their useful life to 0 percent.

Plan moves in opposite direction from
target; the share of transit assets past their
useful life is projected to increase to 24
percent of all assets during the Plan Bay
Area period.

©)

Source: MTC, 2013, Reproduced with permission of the Metropolitan Transportation Commission.

Table 7-12. Results of Plan Bay Area Equity Analysis, 2010-2040, San Francisco Bay Area

2040 2040
Performance Measure Target Population 2010 | (Baseline Forecast) | (Plan Bay Area)
Housing and Transportation Affordability | Low-Income Households | 72% 80% 74%
Percentage of income spent on housing All Other Households 41% 44% 43%
and transportation by low-income
households
Potential for Displacement Communities of Concern | n/a 21% 36%
Percentage of rent-burdened households in Remainder of Region o/a 50 8%
high-growth areas &
Healthy Communities Communities of Concern | 9,737 11,447 11,693
Average daily z/e/aicl(:’ mil'es t'mvelm’ per Remainder of Region 9,861 11,717 11,895
populated square mile within 1,000 feet of
heavily used roadways
Access to Jobs Communities of Concern 25 26 26
Average mzv‘el time in minutes for Remainder of Region 27 29 27
commute trips
Equitable Mobility Communities of Concern 12 13
Average travel tim'e in minutes for Remainder of Region 13 13
nonwork-based trips

Source: MTC, 2013, Reproduced with permission of the Metropolitan Transportation Commission.

 Objective 1.4: Use cost-effective, innovative strategies that may include (but are not limited to) travel demand
management (TDM), transportation systems management (T'SM), and intelligent transportation systems

(ITS).

¢ Objective 1.5: Schedule planned corridor improvements to maintain traffic flow during construction.

Goal 2: Safety: Enhance safety on transportation facilities for all travel modes in the corridor.

* Objective 2.1: Reduce the rate of accidents on transportation facilities in the corridor.

Goal 3: Multiple Travel Modes: Provide a balanced corridor transportation system with multiple travel modes that
provides adequate capacity for and convenient access to high-occupancy vehicle (HOV) facilities, bus and rail transit,
and bicycle/pedestrian travel modes within the study area.

¢ Objective 3.1: Provide transportation improvements in the corridor that combine multiple motorized travel
modes, including bus transit services (e.g., express lanes), high-occupancy vehicle (HOV) facilities, and rail
transit facilities, as needed.
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Figure 7-6. Project-Level Assessment for Project Types by Benefit/Cost and Project
Scores, Metropolitan Transportation Commission
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¢ Objective 3.2: Provide transportation improvements that promote bus and rail transit services in the corridor,
facilitating connections to neighborhoods and downtown areas of Fort Worth and Arlington, and other local
and regional activity centers.

¢ Objective 3.3: Improve and extend bicycle and pedestrian facilities in the corridor in coordination with
improvements to motorized transportation.

Goal 4: Environmental Quality: Provide a corridor transportation system that protects and enhances air quality; has
minimal negative impact on the natural and social environment; protects ecological, cultural, and historic resources;
and adheres to environmental justice.

¢ Objective 4.1: Provide transportation improvements in the corridor that improve regional air quality,
minimize noise impacts, and conserve energy.

 Objective 4.2: Provide transportation improvements in the corridor compatible with conservation of natu-

ral resources, preservation of open space, parklands, and ecologically significant areas, and mitigate where
necessary.
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¢ Objective 4.3: Provide transportation improvements in the corridor compatible with the preservation and
protection of historic, archeological, and cultural resources.

¢ Objective 4.4: Minimize neighborhood and community disruption and dislocation of residences and busi-
nesses resulting from corridor transportation improvements, as well as disproportionate adverse impacts on
minority and low-income populations.

Goal 5: Quality of Life: Provide transportation improvements in the corridor that will enhance and not detract from
neighborhood, community, and regional quality of life.

¢ Objective 5.1: Improve access to existing and emerging residential and employment centers in the corridor
to encourage economic development and employment opportunities.

¢ Objective 5.2: Provide transportation improvements that encourage mixed land use development, transit- and
pedestrian-friendly urban design, and compatibility with existing adjacent land uses and community land use
plans.

 Objective 5.3: Provide equity in access to all travel modes to the traditionally underserved.

e Objective 5.4: Reduce adverse impacts of corridor transportation improvements on aesthetics and visual

quality.

Goal 6: Financial Feasibility: Provide transportation facilities and services in the corridor that are fiscally responsible
and economically feasible.

¢ Objective 6.1: Provide cost-effective and financially feasible transportation facilities in the corridor that are
affordable to users, transportation providers, the region’s communities, and participating agencies, and where
the costs and benefits of the system are fairly distributed.

In order to narrow the number of alternatives considered by the study, a set of criteria was defined that met four
requirements:

o Effectiveness and Comprehensiveness in Measuring Goal Attainment—The screening and evaluation measures
were selected to reflect and measure the extent to which the alternative strategies contribute to the achievement
of accepted transportation-related goals and objectives. Similarly, they were proposed to conform to federal
guidelines governing the evaluation of major transportation investments.

o Ability to Reflect the Specific Nature of the Alternatives—The recommended screening and evaluation measures
are relevant to the need to evaluate alternative transportation strategies in isolation, as well as in combination.
These measures are capable of reflecting interactions between transportation and other factors, such as land
use and the environment, and among travel modes.

o Realistic in Terms of Technical and Resource Requirements—The computation of measures should allow for
efficient use of available data and provide comparable levels of detail, both among different screening and
evaluation categories and across alternative strategies.

e Relevance for Policy Evaluation—The total number of screening and evaluation measures is reasonable and
allows for thorough coverage of key goals and issues. Where possible, quantitative as opposed to qualitative
methods are employed to depict potential effects in an objective manner.

The criteria have been grouped into five categories to facilitate analysis. These include:

o Mobility Effects: travel demand, roadway capacity, level of service, travel time, circulation, access, truck
movement, safety, and access to multiple travel modes.

¢ Social and Economic Effects: socioeconomic and cultural environment (historic, cultural, and archaeolog-
ical resources; residential and business displacement/dislocation; socioeconomics and equity; neighborhood
integrity and cohesion).

o Environmental Effects: natural environment (air quality, noise, energy consumption, water quality and
quantity, vegetation, wildlife, soils, open space, parklands, ecologically significant areas, drainage/flooding,
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aesthetics, and visual quality); land use (residential patterns, compatible uses, development suitability accord-
ing to community values).

o Cost-effectiveness and Affordability: capital costs, operations and maintenance costs, achievement of
benefits commensurate with resource commitment, sources and sufficiency of revenues.

¢ Other Factors: compatibility with local and regional plans and policies, constructability, and construction
effects.

Finally, Table 7-13 shows the evaluation criteria used to assess the alternatives that resulted in a preferred alternative
for the corridor.

C. Small Bus Life-Cycle Cost Analysis

Life-cycle analysis of a small bus is an excellent example of economic evaluation in action. [KFH Group et al.,
2000] Life-cycle costing (LCC) is a technique for estimating the total cost of owning and operating an asset over
the economic life of that asset. The predicted LCC provides a basis for planning decisions, for comparing different
equipment or different design features, and for the awarding of bids for the provision of equipment and/or services.
The U.S. Office of Management and Budget (OMB) defines LCC as:

“The sum total of the direct, indirect, recurring, non-recurring and other related costs incurred, or estimated to be
incurred, in the design, development, production, operation, maintenance and support of a major system over its

anticipated useful life.”

The lowest bid procurement process has been commonly used in public sector acquisitions of capital goods and
is sometimes required by statute. This procedure has been used for many years for purchasing conventional urban
transit buses (typically 3540 ft long and seating 40-55 passengers). These buses are produced by a limited number
of manufacturers and are designed for an urban environment. Changes in vehicle design have occurred at a gradual
pace, and most operators are experienced in maintaining and operating such equipment. Most transit properties are
prepared to write specifications and to evaluate proposals.

A different situation exists for small transit buses. These buses vary from vehicles resembling vans to coaches less than
35 feet long. Small buses are classified as light-, medium-, or heavy-duty, depending upon their size, cost, and antici-
pated service life, and the type of service for which they are appropriate. Although many of these vehicles are owned
by urban transit properties, they are also used in private businesses and by cities, suburban and rural communities,
and social service agencies.

Service requirements range from fixed-route, fixed-schedule center-city operations to demand-responsive operations
involving long distances in rural areas. The vehicle market is served by many manufacturers offering vehicle compo-
nents, stock vehicles, and a wide spectrum of modifications. In many cases, the bus is not specifically designed for the
type of service it will enter. The result is that, in purchasing small buses, the operator is offered a multitude of possible
choices. These vehicles vary greatly in initial cost.

LCC offers certain advantages over low-bid procedures. LCC permits the operator to rely on a broad perfor-
mance specification, and to make a selection based on the predicted total cost of owning and operating the
vehicle or equipment. Unlike low-bid procurement, LCC does not limit the bidder to the specific vehicle design
features. LCC ensures, ideally, that all aspects of maintenance and operation are considered in making the final
selection.

One of the dangers of LCC is that it entails estimates of future repair frequency, future usage rates, useful life, and
rates for future inflation. Some of these factors, such as usage rates and inflation rates, are applied similarly to all
vehicles being compared. But others, such as useful life, repair frequency, or fuel consumption rates, are estimated
for each vehicle using similar operating experience data as a basis for the estimate, unless actual on-property test
rates are available. The accuracy of the estimates depends on how nearly the assumed future conditions (for example,
price inflation, fuel costs, vehicle usage rates) approach the conditions that will actually prevail. Another factor is
how representative the operating experience is of the future performance of new vehicles. The estimates of useful life,
condition and mileage at retirement, price of fuel, and similar factors are critical.
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Table 7-13. Criteria for Detailed Evaluation of Corridor Alternatives

Criteria

A. Mobility Effects

1. Travel demand and facility capacity:

Average peak period speed

Person trips per peak hour

Person trips per day

Percent of demand being accommodated
Level of service

Person hours traveled

Person miles traveled per day
Congestion delay

2. Incorporation of multiple travel modes:

Level of multimodal elements
Bicycle accommodation
Pedestrian accommodation

3. Access, circulation and connectivity:

Improvements to facilities providing access to intercity and interstate corridors
Total number of interchanges & intersections improved
Frontage roads/length of improvement

B. Social and Economic Effects

Effects on known historic, archaeological, and cultural resources

Total number of residential and commercial displacements

Effects on major utilities

Effects on aesthetics and visual quality

Effects on neighborhood and business access, circulation, and emergency services

C. Environmental Effects

1. Effects on natural environment:

Effects on air quality

Effects on noise

Energy consumption

Disturbances to floodplains, hydrology, water quality, and water resources
Disturbances to wetlands/jurisdictional waters

Effects on/from potential hazardous materials sites

Effects on threatened & endangered species/wildlife habitat

Effects on parklands

2. Effects on land use:

Effects on land use patterns/land use compatibility
Effects on potential land development

D. Cost-Effectiveness and Affordability

1. Capital costs (in current year dollars):

Cost of residential and commercial displacements
Cost of right-of-way requirements

Cost of construction

Total capital cost

2. Annual costs (in current year dollars):

Annual operations and maintenance costs
Total annualized cost (capital + O&M)
Annual user delay savings
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Table 7-13. (Continued)

3. Cost-effectiveness:

Costs per passenger tl‘ip per hour

E. Other Factors

1. Consistent with plans:

Consistent with regional and local transportation plans
Consistent with regional and local land use plans

2. Construction:

Temporary construction effects
Constructability

Source: Texas DOT, 2015

Table 7-14. Comparison of LCC for Three Small Transit Vehicles

Cost Category Units Vehicle 1 Vehicle 2 Vehicle 3
Maintenance
—Labor $/mile 0.0831 0.0336 0.1638
—Parts $/mile 0.0459 0.0753 0.0963
Commodities
—Fuel $/mile 0.3000 0.3429 0.2400
—Oil $/mile 0.0018 0.0015 0.0024
Total Maintenance Cost $/mile 0.4308 0.4533 0.5025

$ present value | 258,480/year | 271,980/year | 301,500/year
Present Value of Total Maintenance | Total fleet $1,318,299 $1,387,152 $1,537,710
Cost for 6 Years @ 7%
Salvage Value (after 6 years, in Per bus $36,500 $23,000 $43,000
discounted dollars) Total fleet $438,000 $276,000 $516,000
Net cost after salvage Total fleet $880,299 $1,111,152 $1,021,710

The basic LCC analysis consists of four major steps: (1) compilation of vehicle operating cost data and projection of
future costs, (2) estimation of salvage (resale) value, (3) adjustment for time-value of money (discount rate), and (4)
determination of total life-cycle cost. As an example, consider three different vehicles that will be operated an average
of 50,000 miles per year during a 6-year period. Twelve vehicles will be required, with 10 vehicles in service and two
spare. The fleet will operate 600,000 miles per year, or 3.6 million miles during the fleet’s 6-year life.

The data shown in Table 7-14 are derived from tests and operating experience and related to the number of miles
operated. In this case, Vehicle 1 proves to be the least costly to operate. However, Vehicle 3 is ranked second, despite
its operating cost being higher than Vehicle 2’s (primarily because its salvage value is higher). If the unit price of Vehicle
1 were $12,000 more than Vehicle 3’s, then Vehicle 3 could actually be more economical. For 12 buses, the $12,000
price difference would be $144,000, which is more than the LCC difference between Vehicles 3 and 1 (See KFH
Group, Inc. et al., TCRP Report 61, for further detail on this analysis approach).

D. One-Way Street Conversion in a Central Business District

The purpose of this evaluation was to consider the potential for converting certain existing one-way streets to two-way
operation in the central business district of Oakland, California, a city of approximately 400,000. Although one-way
streets have many advantages, the identified benefits of conversion to two-way operation were:

o A decrease in travel speeds to benefit pedestrians and reduce noise.

¢ Reduction in vehicle miles of travel (VMT) because fewer “around the block” movements would be required.
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e Decrease in turning movements at intersections.

¢ Consolidation of transit stops to a single street, which had been split in two due to the use of couplets in the
central business district (CBD), resulting in less confusion to transit passengers.

e Less confusion to visitors unfamiliar with the street system, especially where there is a lack of uniformity in
the street grid.

¢ Promoting CBD retailing (businesses generally dislike one-way streets, on the assumption that it reduces
visibility and makes it less convenient to shop).

¢ Ability to include raised-median pedestrian refuge islands on some two-way streets.

A ring of three freeways was completed around Oakland’s CBD between the mid-1950s and 1982. During this
period, virtually every street in the CBD was made one-way (the primary exception being the major shopping and
transit artery, Broadway, which remained two-way).

While the noted benefits seemed reasonably certain, the costs seemed less certain or quantifiable; therefore, an aggre-
gate ranking was selected for the evaluation. Scoring criteria were developed, shown in the following paragraphs. This
resulted in candidate locations for further investigation. These were field-checked then readjusted as needed, and the
recommendations made.

Because the impact of two-way operation could be both good and bad, the scoring system used a range of -5 to 5.
A score of 0 was used to indicate no benefit or impact. For example, the effect on transit operations for a street with
no transit would be given a 0. The extreme scores (=5 or 5) were assigned if the conversion would have a highly
adverse impact (—5) or a highly favorable impact (5). The scores were then summed for a total value assigned to
each street.

The eight criteria used for evaluation were:

o Peak Traffic Volume. Streets with high existing traffic volumes were given scores close to —5, whereas very low
volume streets were given scores closer to 5. This evaluation was somewhat qualitative, because traffic volumes
were not available on every street segment.

o Primary Connection to a Freeway. Certain streets operate as major freeway connectors and, thus, would require
a major reconfiguration or reconstruction of freeway ramps if converted to two-way, so they were given low
scores. The latest freeway incorporates several ramps, which would be particularly difhicult to make com-
patible with two-way operation on intersecting streets. The actual costs were not developed for this first-cut
evaluation. Only some streets have bridges or freeway underpasses; changing them could involve costly new
construction.

o Land-Use Compatibility. Streets with residential or retail frontage (especially small shops) were given higher
scores than streets with offices, off-street parking, or other uses.

o Availability of Parallel Routes. A high score (4 or 5) was given to a street that had a nearby street with sufficient
capacity to accommodate traffic diverted from the converted street.

o Tiansit Benefits. Transit benefits were assigned if there was bus service on the street. In addition, points were
given if ridership was likely to increase if two-way service were instituted.

o Suitable Street Width. If reconfigured to two-way operation, can a suitable number of lanes (including turning
lanes) be provided with parking? Generally, streets with a greater curb-to-curb width were given higher scores,
whereas narrower streets were given lower scores.

o Network Connectivity. Will two-way traffic confer network connectivity benefits by allowing for improved
circulation and fewer turning movements? Is the street a discontinuous, isolated segment, or part of a larger
grid? Short, disconnected segments can probably be changed to two-way without adverse impacts, and so
were given higher scores.
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o Signal Coordination. Signals are far easier to coordinate (synchronize) on one-way than two-way streets. Unless
there is optimal signal spacing, effective vehicle progression cannot be provided in 6ot/ directions. This usually
requires favoring one direction of traffic over another (this in fact is done on Broadway today). Depending
on the controller, the favored movement can be adjusted by time of day to serve the greatest traffic flow (for
example, inbound in the morning peak, outbound in the evening, and balanced during the rest of the day).

Low scores were given if signals were well-coordinated on the street; high scores were given if there was no coordination.
Higher scores were also given if there was (approximate) uniformity of block length, which can be used to provide
two-way traffic signal coordination.

The final ranking of 29 streets led to scores ranging from —18 to 26. A phased implementation program was recom-
mended, with streets scoring more than 13 included in the first phase.

E. Rail Transit Projects

Facing a need to prioritize funding for as many as 69 competing rail projects, the California State Senate passed a con-
current resolution requesting that the California Transportation Commission (CTC) submit a listing of high-priority
rail projects that could be implemented within 5 years. The criteria for determining which projects qualified for the
high-priority designation were:

e Project Readiness—A measure of the status of the project planning that helps determine if a project can be
implemented in 5 years.

o Local Support—The degree of local support for a project, as reflected in local funding commitments, actual
levels of transit ridership in the area, and formal actions by local authorities.

e Local Priority—The priority ranking a project has been given by local agencies among its competitors within
a particularly urban region or system.

e Project Worth—Measures of the worthiness of the project in terms of relationships between costs and potential
ridership and/or other anticipated project benefits. Environmental consequences: each project’s major impacts
representing consideration in priority determination.

e Need for State Funding—The amount of state funding required, the project’s ability to capture federal funds
for the state, potential private-sector involvement, and other indications of the need for and desirability of
state funding assistance.

o Other Considerations—Any unique circumstances or conditions that affected the appropriate timing or justi-
fication of a particular project.

IV. SUMMARY

The development of transportation alternatives and the fair presentation of competing choices are among the key activ-
ities transportation planners engage in. Because transportation problems and deficiencies will almost always exceed the
resources available to solve them, it is important that transportation planners be able to recommend the best choices
available, or, in the case of decisions that involve changes to current public policy, make the fairest presentation to
those entrusted with decision-making authority. This chapter discussed how alternative solutions to transportation
problems can be evaluated and compared so that the best course of action can be taken. Evaluating and prioritizing
transportation projects are usually the last steps in the transportation planning process, but they are some of the most
important. All of the other information developed—planning goals, objectives, measures, information alternatives—is
brought together in this step to select the best actions for the agency.

Transportation alternatives are a natural outgrowth of the goals and objectives developed as part of the transportation

planning process. Good goal definition can help generate a wider range of potential problem solutions than narrowly
focused goals. If a goal automatically suggests a single appropriate solution, it is probably too narrowly conceived.
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The next step is to enumerate and, to the extent possible, quantify all of the potential costs and benefits of a project or
plan. This is a valuable exercise even when all of the costs and benefits may not be known or quantifiable. The analyst
should be careful that benefits are not double-counted. It is during this phase that it begins to become clear where
project risks—in terms of both costs and benefits—may lie.

After costs and benefits are quantified, the appropriate evaluation technique may be selected. This selection usually
will be based on the size and complexity of the project, the stage of project planning, the degree to which project costs
and benefits can be quantified, and the amount of time available to perform the evaluation. This chapter suggests a
number of techniques ranging from the very simple to more complex net present-value computations.

Comparative estimates of system (alternative) costs and benefits should be developed in terms of constant dol-
lars, usually dollars in the year in which the analysis is performed, excluding the effects of inflation. The costs
should include capital outlay, operations, and maintenance cost elements. The cost analysis should consist of the
following steps:

e Determine the present value of the cumulative costs of the base plan over the project period (could be the
“do-nothing” or “null” alternative).

¢ Determine the present value of each alternative system, using the same basic assumptions as applied to the
base alternative.

o Calculate the incremental cumulative cost of each alternative, compared to the base alternative, subtracting
residual land values.

Cumulative costs are determined by annualizing total estimated capital costs and then summing for the number
of years under consideration. These annual costs are then discounted at a selected discount rate to a present value.
Unit-cost assumptions to be made in developing these cost estimates are usually documented in a report. Historical
cost data can be adjusted to current values with a construction cost index (CCI).

Economic benefits are usually calculated for each alternative at weekday usage levels based on available projections
of the out-year (horizon year) usage (demand), which may be in terms of vehicles or passenger trips per day. Annual
demand levels and project benefits for each year between the base year and the horizon (out) year are typically approx-
imated by straight-line interpolation. Most travel models will only provide forecasts for base year and one or two
out-year conditions, although occasionally more data points are available. These estimates of future benefits are then
discounted to determine their present worth, using the discount rate.

The discount rate in most evaluations will be specified by an external source, such as the analyst or an external funding
agency. Discount rates can significantly affect the results of the analysis, so they should be chosen carefully to be
consistent with the nature of other types of projects undertaken by the agency. A sensitivity analysis may be desirable
to show the potential difference in outcomes if different discount rates are assumed. This can be easily done in a
spreadsheet and in most commercially available benefit/cost programs. Risk factors should be considered explicitly,
not by using varying discount rates for different alternatives.

Travel-time savings probably should be given the greatest amount of attention by the analyst because, for large projects,
they will frequently be more than half of the total project’s benefit. Some standards have been presented for deter-
mining the value of travel time for different classes of users. Once again, a sensitivity analysis using different values of
time may be desirable. Consistency between project evaluations is also important, as differences in the value of travel
time could lead to misleading conclusions. Cost-effectiveness analysis can also be used to rank projects according to
the least cost per travel minute saved.

The analyst should be aware that transportation decisions can have important equity and distributional impacts with
respect to both costs and benefits. There are traditionally several dimensions used to measure distributional impacts,
including spatial, modal, income, and demographic groups. Census data and a travel-demand forecasting model can
provide much of the information needed for this assessment.

Prioritization and evaluation share a number of key characteristics. They both seek to select the best projects from a
field of contenders based on several factors. The major difference is that evaluation seeks to determine whether, and by
how much, a plan or project is worthy of investment of public (or public/private) funds, given other, alternative ways
of using the money. Once this is accomplished, prioritization seeks to determine the best order in which to sequence
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or program funds, which may include nontechnical considerations. Those factors might include project readiness,
degree of consensus, equity considerations, availability of external funds, and other similar factors.

Risk and uncertainty are inherent in any public (or private) investment, especially as there has been a bias toward
underestimating costs and overstating benefits. Recent megaprojects have had a history of going significantly over
budget. In general, the larger the project and the more novel the technology and conditions, the greater the risk. Several
techniques for attempting to control risk and uncertainty were noted in this chapter, including value engineering (VE),
scenario planning with expected values, and peer review by outside experts (often part of the VE process). In the end,
the analyst needs to be frank about appraising some of the project risks in the evaluation analysis.

Frequently made errors in project evaluation include the following:

¢ External funds (such as grants) are used to reduce costs.

¢ Some project costs are overlooked.

¢ Benefits are double-counted.

e Average (rather than marginal) costs or benefits are used.

¢ Differences between market and social costs are ignored.

e An inappropriate discount rate is used (usually, one that is too low).

¢ Network or other important effects are ignored.

In summary, a good evaluation should: (1) account for the cumulative cost of all alternatives over the total project
period, recognizing that some alternatives may have a shorter useful life than others, (2) use demand projections for
an appropriate horizon year (usually from 10 to 30 years from the year in which the analysis is done), (3) recognize
the effects of differing service lives of alternative capital (or major maintenance) investments, (4) eliminate the effects
of inflation because inflated benefits or costs do not represent increases in real economic values, (5) account for the
time value of money, by employing a present-value economic analysis, using a discount factor that accounts for the
potential rate of return of alternative investments, and (6) apply appropriate unit values for benefits.
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