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Statements and Declarations 31 

This study compares the regional transportation plan for the San Diego Association of Governments 32 
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MPOs in the United States. The authors of this paper received funding from the National Science 34 
Foundation (NSF) through the Smart and Connected Communities Program, in which SANDAG is the 35 
main community partner for the funded project. SANDAG did not receive any funds from NSF, aside from 36 
potentially covering travel expenses for a SANDAG employee to attend an annual NSF Principal 37 
Investigator's meeting. Moreover, the authors do not have any direct financial interest in SANDAG; 38 
however, the authors do benefit from having SANDAG's continued support as a community partner on the 39 
ongoing NSF research project.  40 
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Abstract 41 

Metropolitan Planning Organizations (MPOs) in the United States develop long-range Regional 42 
Transportation Plans (RTPs), which are required in order for municipalities to receive federal funds for 43 
transportation projects. Title VI of the federal Civil Rights Act of 1964 requires MPOs to submit an equity 44 
analysis to demonstrate that their RTPs do not discriminate against protected groups. This paper (i) 45 
identifies and evaluates the current range of practices in transportation equity analysis in RTPs for the 46 
largest MPOs, and (ii) provides practical steps for MPOs to improve their equity analyses. To identify the 47 
range of practices, we assess how MPOs define equity goals, identify populations of concern, integrate their 48 
equity analysis into their RTP documents, use community input, and whether they meet or exceed legal 49 
standards. Additionally, we evaluate how MPOs use travel forecasting models in their equity analyses and 50 
the quality of their models; we also describe practical steps for MPOs to improve their equity analyses 51 
along this dimension. We find significant variability in how MPOs define fairness in their equity goals, 52 
define populations of concern, use community input, and use travel forecasting models in their equity 53 
analyses. For example, several MPOs conduct in-depth equity analyses using advanced travel forecasting 54 
models, synthetic populations of households, and various classifications of populations of concern. In 55 
contrast, other MPOs only display the locations of RTP projects on a map with geographies labeled as 56 
disadvantaged or non-disadvantaged. We also find that MPOs with more restrictive state requirements than 57 
federal guidelines produce higher quality equity analyses—an important finding considering the Biden 58 
Administration's review of Executive Order 12898, a potential avenue to alter guidelines to improve MPO 59 
equity analyses.  60 

 61 
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1 Introduction 64 

1.1 Motivation 65 

Regional transportation plans (RTPs) involve a combination of proposed transportation infrastructure 66 
investments, transportation and land use policies, and transportation programs. The implementation of an 67 
RTP can significantly impact mobility, access to opportunities and activities, safety, employment, health, 68 
economic output, and other important societal outcomes. 69 

The benefits and costs associated with an RTP can fall unevenly across persons or population groups 70 
within a region. Hence, in addition to evaluating the expected cumulative social benefits and costs 71 
associated with RTPs, it is also critical to evaluate an RTP's distributional impacts across persons and 72 
population groups within a region, to ensure that specific residents do not receive disproportionately fewer 73 
benefits and/or greater harms.  74 

To some extent, the evaluation of the distributional impacts of an RTP is codified in the United States 75 
(US). Title VI of the federal Civil Rights Act of 1964 requires metropolitan planning organizations 76 
(MPOs—described in detail in Section 2.2) to demonstrate that their RTPs do not discriminate on the basis 77 
of race, ethnicity, or other protected characteristics. Some MPOs attempt to go beyond the non-78 
discrimination requirements of Title VI, and they develop RTPs to achieve broader equity goals. To 79 
illustrate non-discrimination and ensure their RTPs achieve equity goals, MPOs conduct equity analyses. 80 
An equity analysis evaluates the distributional impacts associated with the investments, policies, and 81 
programs proposed in an RTP, and whether the distribution of impacts is consistent with the MPO's non-82 
discrimination criteria or equity goals.  83 

Conducting a high-quality equity analysis that can meaningfully inform long-range RTPs and ensure 84 
the RTP meets the planning agency's equity goals is a difficult challenge. Moreover, recent research argues 85 
that planning agencies have little guidance in terms of performing high-quality equity analyses of RTPs 86 
(Bills 2022; Williams and Golub 2017).  87 

1.2 Research Questions 88 

We aim to answer the following two research questions:  89 

1. What is the current (range of) practice(s) associated with equity analysis at large MPOs in the US? 90 
2. How can planning agencies improve their equity analyses conditional on their current travel 91 

forecasting model capabilities? 92 

To answer these research questions, we perform a content analysis of the most recent RTP 93 
documentation for the ten largest, in terms of population, MPOs in the US, plus the San Diego MPO. As 94 
with prior research (e.g., Krapp et al. 2021; Martens and Golub 2021), we presume that the largest MPOs 95 
have the greatest capability to perform high-quality equity analysis, and we focus our analysis on these 96 
MPOs. 97 

To identify the range of practices, we first assess how MPOs define fairness or equity goals/criteria 98 
and equity indicators, define populations of concern, integrate their equity analysis into their RTP 99 
documents, and incorporate community input. We also assess whether MPOs meet or exceed legal 100 
standards. Second, we evaluate how MPOs use travel forecasting models in their equity analyses and the 101 
capabilities of these models to perform high-quality equity analyses. Third, we describe practical steps for 102 
MPOs to improve their equity analyses as it relates to the use of travel forecasting models.  103 
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1.3 Preferred Attributes of RTP-based Equity Analyses 104 

Answering the study's two research questions and critically reviewing the current practice of equity 105 
analyses requires a normative description of the preferred attributes of an RTP-based equity analysis. 106 
Following Bills and Walker (2017) and Litman (2006), we propose that RTP-based equity analyses should: 107 

1. Define population(s) of concern. 108 
2. Clearly define equity criteria and/or goals. 109 
3. Identify one or more metrics associated with each equity criterion/goal. 110 
4. Evaluate the RTP holistically, as opposed to analyzing projects and policies separately. 111 
5. Quantify expected impacts/outcomes (in addition to inputs/investments) using forecasting models. 112 
6. Quantify expected benefits and harms at the person-level, as opposed to the place/geographical level. 113 
7. Evaluate whether (to what extent) an RTP meets its equity criteria (goals). 114 

The rationale for the first three attributes is straightforward; without identifying populations of 115 
concern, defining equity criteria/goals, and identifying associated metrics, it is not possible to evaluate 116 
whether a plan is equitable. Nevertheless, many planning agencies produce equity planning documents that 117 
are ambiguous in terms of equity criteria/goals (Martens and Golub 2021). Moreover, while the seventh 118 
preferred attribute should be obvious, we state it for completeness purposes.  119 

The rationale for assessing the equity implications of all projects and policies in an RTP holistically, 120 
instead of assessing projects and policies individually (fourth preferred attribute), is as follows. While an 121 
individual project, policy, or program in an RTP may disadvantage populations of concern, the same 122 
project, policy, or program taken together with the rest of the RTP’s projects, policies, and programs could 123 
produce benefits to populations of concern otherwise not achievable. For example, a congestion pricing 124 
program that by itself negatively impacts low-income individuals would appear to produce inequitable 125 
outcomes at the individual program level. However, evaluated in conjunction with other projects and 126 
policies in the RTP that use revenues from the congestion pricing program, such as transit investments or 127 
subsidies for low-income individuals to use shared mobility modes, a congestion pricing program may 128 
produce benefits for low-income individuals that are not otherwise attainable. It is also conceivable that the 129 
collective equity benefits from the RTP are significantly less than the sum of the equity benefits from each 130 
individual project, program, and policy evaluated in isolation. 131 

The rationales for the fifth and sixth attributes are related to each other. The location of infrastructure 132 
investments and their spatial proximity to (concentrations of) populations of concern does not provide 133 
enough information to determine whether (and at to what extent) the RTP actually benefits (i) specific 134 
geographies throughout the region, nor the (ii) populations of concern within each geography. For example, 135 
consider an RTP that includes a lane-widening project. It is conceivable that the lane-widening project 136 
produces large harms from increased pollution and vehicular crashes and small accessibility benefits to 137 
residents of geographies closest to the project, while providing large accessibility benefits and minimal 138 
pollution harms to residents of geographies farther away from the project location. Hence, evaluating 139 
investments and their spatial proximity alone is inadequate for equity analyses; it is necessary to produce 140 
estimates of the expected outcomes of an RTP, and the only manner to produce such estimates is through 141 
models that forecast those outcomes.  142 

Relatedly, it is conceivable that the same lane-widening project provides significant net benefits to 143 
high-income commuters living in the geography closest to the lane-widening project, while providing few 144 
or negative net benefits to low-income residents who live in the same geography, particularly the low-145 
income residents who do not own personal vehicles (Grengs 2012). Hence, when evaluating the outcomes 146 
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of an RTP, because the residents of geographies are not homogenous, it is necessary to model impacts at 147 
the person level.  148 

While providing a normative framework for how MPOs should conduct their equity analyses, we 149 
remain mostly descriptive when analyzing the equity goals/criteria and associated indicators in RTPs. 150 
Nevertheless, we do apply several normative criteria with respect to the role of equity goals/criteria and 151 
associated indicators in terms of analyzing the equity implications of an RTP. First, consistent with our 152 
sixth preferred attribute of an RTP-based equity analysis, we deem equity goals and metrics defined at the 153 
person-level as superior to those defined at the spatial-level. Second, for a particular equity indicator, it 154 
should be clear whether a larger or smaller value for the equity indicator is preferable. Although this 155 
requirement seems obvious, some MPOs use equity metrics for which a smaller value is not obviously more 156 
(or less) equitable than a larger value. For example, Atlanta compares mode shares in census tracts with 157 
and without high concentrations of populations of concern, but they do not state whether a higher (or lower) 158 
mode share for a particular mode and population segment is preferable (ARC 2020). 159 

To answer our second research question, related to how planning agencies can improve their equity 160 
analyses conditional on their current travel forecasting model capabilities, we focus on accessibility-161 
oriented equity goals/criteria for several reasons. First, recent scholarly research argues that the distribution 162 
of accessibility across a population is the critical dimension of a transportation equity analysis (Levine et 163 
al. 2019; Manaugh et al. 2015; Martens and Golub 2021; Pereira et al. 2017). Second, most RTPs emphasize 164 
accessibility as an important dimension of equity. Nevertheless, clear equity goals/criteria and metrics 165 
related to safety (e.g., traffic violence) and health/environmental impacts (e.g., exposure to pollutants, 166 
exposure to climate change risks) are also critical components in planning an equitable transportation 167 
system. Notably, the seven preferred attributes of an RTP-based equity analysis apply directly to non-168 
accessibility-oriented equity goals/criteria.  169 

1.4 Related Studies  170 

Several studies over the past decade have sought to provide guidance to MPOs concerning equity 171 
analyses, and some of these studies also review RTP documentation. Karner and Niemeier (2013) review 172 
the academic literature, regional planning documentation, federal legislation, executive orders, and federal 173 
transportation agency guidelines related to equity analysis of RTPs. They provide a critical review that 174 
emphasizes two shortcomings of RTP-based equity analysis in practice. First, they find that MPOs use 175 
spatial analysis methods primarily developed to assess environmental exposures to measure infrastructure 176 
investment benefits; they argue this method is not appropriate. Second, they find that the travel forecasting 177 
models used by MPOs for equity analyses rarely, if ever, include race as an explanatory variable. Related 178 
to this second shortcoming, and a claim by MPO modelers that forecasting demographics decades into the 179 
future is challenging, Karner and Niemeier (2013) argue for the analysis of near-future transportation 180 
system conditions and their equity implications. Manaugh et al. (2015) also review RTPs; they focus their 181 
critical review on the equity goals and objectives stated in RTPs as well as associated equity metrics used 182 
to evaluate an RTP’s performance with respect to its stated goals/objectives. Williams and Golub (2017) 183 
use a similar methodology to the one in our study—they critically evaluate the equity plans and equity 184 
analysis methods in RTPs. They also provide a thorough overview of federal regulations, laws, and 185 
guidance related to RTP-based equity analyses. Finally, Krapp et al. (2021) provide a recent review of 186 
Regional Transportation Improvement Plan (RTIP) documentation, assessing the role of equity in project 187 
prioritization.  188 
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In addition to reviewing more recent RTP documentation than prior studies (Manaugh et al. 2015; 189 
Williams and Golub 2017), we provide a more comprehensive, detailed, and critical review of RTP-based 190 
equity analysis methods compared to prior research, specifically as it relates to the role of travel forecasting 191 
models in measuring the distributional impacts of an RTP. While Karner and Niemeier (2013) discuss RTP 192 
documentation, unlike the current study, they do not conduct a content analysis of this documentation. 193 
Instead, they focus their review on civil rights law, regulatory guidance for equity analysis, academic 194 
research, as well as the RTP documents, public input documents, and public meetings of only one MPO— 195 
the Metropolitan Transportation Commission (MTC) encompassing the nine-county San Francisco Bay 196 
Area. Like Manaugh et al. (2015), our study discusses and reviews the current role of equity objectives and 197 
associated metrics in RTPs; however, we focus more on the methods for forecasting the distributional 198 
impacts of RTPs. Lastly, while Krapp et al. (2021) focus on RTIP documentation, we focus on RTP 199 
documentation. The major difference is that RTIPs are short-term planning documents that focus on 200 
prioritizing individual transportation investments, whereas RTPs are long-term planning documents that 201 
focus on multiple transportation investments, policies, and programs holistically.  202 

Although our study focuses on transportation planning and equity analysis in the US, the study is 203 
highly relevant to evaluating the equity implications of transportation plans developed by agencies in other 204 
countries. Notably, Ciommo and Shiftan (2017) argue that equity issues still do not receive serious 205 
consideration in the evaluation of transportation projects and policies in Europe. However, researchers, as 206 
opposed to planning agencies, have investigated the equity impacts of transportation policies, such as 207 
congestion pricing, in a handful of European cities (Kaddoura and Nagel 2018; Meyer de Freitas et al. 2017; 208 
Zheng et al. 2012). Additionally, in Asia, Zhou et al. (2018) analyze the distribution of access to opportunity 209 
via transit in Shenzhen over the course of a decade, as the city and its public transit system rapidly 210 
developed.  211 

1.5 Contributions 212 

This paper makes several contributions to the academic literature. First, as far as we are aware, this is 213 
the first academic journal article to provide an in-depth evaluation of the state and range of current practices 214 
associated with RTP-based equity analyses, with a focus on the methods used to forecast the distributional 215 
impacts of RTPs. Williams and Golub (2017) include some discussion of the various forms of equity 216 
analyses in practice in the early 2010s. However, this is not the focus of their study. Moreover, while Karner 217 
and Niemeier (2013) discuss the shortcomings of RTP-based equity analyses in the late 2000s, and they 218 
mention the potential benefits of activity-based travel forecasting models, they do not provide an in-depth 219 
discussion or analysis of the latter topic.  220 

Our systematic analysis reveals that RTPs exhibit a wide range of equity analyses, even among the 221 
MPOs representing the ten most populated regions in the US, plus San Diego, California. Specifically, we 222 
find that the quality of an MPO’s equity analysis is inherently constrained by the type of travel forecasting 223 
model that an MPO uses for its (non-equity) RTP evaluation. However, we also find that many MPOs are 224 
not taking full advantage of their travel forecasting models’ capabilities to assess their RTPs’ distributional 225 
impacts.  226 

Given that equity analysis quality depends on travel forecasting model type and that MPOs are not 227 
making full use of their travel forecasting modes in terms of equity analysis, a second major contribution 228 
of this study involves providing guidance to MPOs in terms of how to improve their equity analyses. 229 
Moreover, the guidance we provide is conditional on the travel forecasting model type the MPO uses for 230 
their non-equity RTP evaluation. While some MPOs will not be able to conduct state-of-the-art equity 231 
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analyses in the short term given their modeling limitations, there are still significant areas for improvement 232 
across most MPOs. 233 

1.6 Roadmap 234 

The remainder of this paper is structured as follows: Section 2 provides background information on a 235 
variety of topics relevant to the study’s research question, methodology, and results. Section 3 outlines the 236 
data sources and methodology we use in our analysis. Section 4 describes the results of our analysis. Lastly, 237 
Section 5 discusses the implications of our findings and areas for future research. 238 

2 Background 239 

In this section, we provide background information on a variety of topics relevant to the research study. 240 
We provide definitions of key terms used in the remainder of this paper. We also provide an overview of 241 
MPOs and the US regional transportation planning process. We provide additional information on Title VI 242 
requirements for RTP-based equity analyses. We summarize and compare the two travel forecasting 243 
modeling paradigms used by large MPOs in the US. Then, we describe the use or non-use of these two 244 
modeling paradigms in performing equity analyses. Finally, we provide an overview of an equity “ladder” 245 
developed by researchers to assess how MPOs define fairness when analyzing equity. 246 

2.1 Key Terms and Definitions 247 

Accessibility. Following other researchers, we define accessibility as “the extent to which land-use and 248 
transport systems enable (groups of) individuals to reach activities or destinations by means of a 249 
(combination of) transport mode(s)” (Geurs and van Wee 2004). Accessibility is an important dimension 250 
in evaluating equity because it is fundamental to social and economic well-being, and large disparities in 251 
accessibility between racial, income, and other groups are well documented in prior research (Martens and 252 
Golub 2021; Merlin et al. 2019).  253 

Population of concern. MPOs, state and federal agencies, and other scholars use various terms to describe 254 
the population and/or geography segments of focus in equity analyses. Terms like “communities of 255 
concern,” “disadvantaged communities,” or “target group” are often used, sometimes with slight differences 256 
in specific meaning. For this paper, we will use the term “population of concern” as a broad description of 257 
any group or population segment that is identified and/or measured by MPOs as part of their equity analysis. 258 
When a specific population group (e.g., seniors or low-income households) or other term used to describe 259 
populations is relevant to our analysis, it will be clearly defined alongside its use. 260 

2.2 Metropolitan Planning Organizations and the US Transportation Planning Process 261 

In the US, MPOs are federally mandated and federally funded entities designated to implement a 262 
transportation planning process for urbanized areas with over 50,000 residents. MPOs also analyze and 263 
develop plans for economic development and environmental protection (Griffith 2021). The rationale for 264 
the creation of MPOs was to increase cooperation between local, regional, and state entities during the 265 
transportation planning process.  266 

US Code Chapter 23 § 134(D)(2) requires MPOs in transportation management areas (i.e., MPOs with 267 
populations over 200,000) to have a policy board that consists of elected officials and public-sector 268 
transportation officials from local municipalities within the MPO’s geographical boundary, as well as state-269 
level officials (Sanchez 2006). Hence, MPOs are inter-municipal organizations. Federal legislation permits 270 
a wide range of governing and staffing structures at MPOs (Kramer et al. 2017). Most large MPOs, 271 
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including most of the MPOs whose equity analyses we assess in this study, have technical staff consisting 272 
of planners and modelers.  273 

Two key outputs of an MPO’s transportation planning process are a long-range RTP and a shorter-274 
term RTIP. RTPs provide long-term planning priorities for twenty years or more, while RTIPs identify 275 
projects that comply with the RTP and are funded for implementation over the next four years (Krapp et al. 276 
2021). An RTP is required in order for MPOs and their constituent jurisdictions to acquire federal funding 277 
for transportation projects, including the projects in the RTIP. If a transportation project is not included in 278 
a region’s RTP, then it cannot receive federal funding (or state funding in some cases).  279 

During the transportation planning process, MPOs evaluate alternative policies, programs, and projects 280 
in terms of the region’s goals (e.g., improved mobility and accessibility, reduced emissions, improved 281 
safety) and equity or non-discrimination criteria before settling on a final RTP. The evaluation process 282 
includes attaining stakeholder input as well as using analytical tools to assess the expected impacts of 283 
alternative combinations of policies, programs, and projects.  284 

2.3 Title VI Requirements 285 

MPOs create transportation plans for urbanized regions, and their planning processes must be certified 286 
by the US Department of Transportation (DOT). Under Title VI of the federal Civil Rights Act of 1964, 287 
entities receiving federal funding are prohibited from discriminating against individuals on the basis of 288 
“race, color, or national origin” (42 U.S.C. § 2000d). As a result, MPOs must include analyses proving non-289 
discrimination in their required long-range RTPs to remain eligible to receive federal funding (Federal 290 
Transit Administration 2012).  291 

In 2012, the Federal Transit Administration (FTA) published a circular with specific guidance on how 292 
recipients of federal funds can meet Title VI requirements (Federal Transit Administration 2012). This is 293 
the latest of several guidance documents produced across decades by US DOT modal agencies related to 294 
Title VI and Environmental Justice-related Executive Orders (Eos) — see Williams and Golub (2017) for 295 
a detailed overview of these guidance documents. According to the 2012 FTA circular, MPOs are required 296 
to submit the following:  297 

1. Documentation of public engagement and participation. 298 
2. A demographic profile of the region, including the region’s share of ethnic/racial minority 299 

populations. 300 
3. A description of the procedures by which the mobility needs of minority populations are identified 301 

and considered within the planning process. 302 
4. Maps that overlay the location of transportation investments and areas where protected populations 303 

are concentrated, as well as charts that quantify how these investments are distributed. 304 
5. An analysis of disparate impacts on the basis of race, color, or national origin. If disparate impacts 305 

are found, the MPO must determine whether there is a substantial legitimate justification for the 306 
policy that resulted in the disparate impacts, and if there are alternatives that could be employed 307 
that would have a less discriminatory impact. 308 

While Title VI compliance is mandatory, MPOs appear, from their RTP documentation, to have 309 
considerable flexibility in how they approach their equity analyses. 310 

As additional motivation for this study, the Biden Administration is currently moving to improve 311 
equity planning by federal agencies and other recipients of federal funds. EO 12898, issued in 1994, directs 312 
each federal agency to “make achieving environmental justice part of its mission by identifying and 313 
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addressing, as appropriate, disproportionately high and adverse human health or environmental effects of 314 
its programs, policies, and activities on minority populations and low-income populations” (Executive 315 
Order 12898 of February 11, 1994, sec. 1-101). Although EO 12898 spurred federal agencies to consider 316 
and address problems of environmental injustice, many inequities persist. As a result, the Biden 317 
Administration is seeking to update EO 12898 to make it more effective (see Executive Order 14008 of 318 
January 27, 2021, sec. 220(b)). This study provides guidance both for MPOs seeking to promote equitable 319 
transportation planning and for federal officials seeking to provide guidance for MPOs, which receive 320 
significant federal funding.  321 

2.4 Travel Forecasting Modeling Paradigms for Long-term Regional Planning 322 

Given the scope of RTPs, they have the potential to substantially impact transportation systems and 323 
societal outcomes over the long term. To assist in long-range planning, MPOs rely on travel forecasting 324 
models that provide quantitative insights into the expected outcomes of combinations of proposed projects, 325 
policies, and programs two or three decades into the future. Some MPOs have even used travel forecasting 326 
models to present and discuss forecasted scenario outcomes with the public during the RTP planning 327 
process (Karner 2016; Handy 2008). 328 

The quantitative insights that travel forecasting models can provide include measures of cumulative 329 
trips and distances, vehicle congestion or delays, modal shares, and various accessibility measures. 330 
Moreover, the outputs of travel forecasting models are often used as inputs to emissions models.  331 

In the US, there are two main travel forecasting modeling paradigms used by MPOs—aggregate trip-332 
based models and disaggregate activity-based models. In this section, we provide a brief overview of these 333 
two modeling paradigms. We specifically aim to distinguish between the two modeling paradigms as it 334 
relates to their capabilities for transportation equity analysis consistent with the seven preferred attributes 335 
described in Section 1.3. For more information on and distinctions between aggregate trip-based models 336 
and disaggregate activity-based models, please refer to Castiglione et al. (2014), McNally and Rindt (2007), 337 
and Boyce and Williams (2015). 338 

Aggregate trip-based models are also known as four-step transportation planning models, with trip 339 
generation, trip distribution, mode choice, and traffic assignment as the four steps. These models are the 340 
most common travel forecasting approach used by MPOs and planning agencies around the world. 341 
However, several MPOs in the US switched to disaggregate activity-based models in the past decade, and 342 
the number of MPOs using activity-based models is growing. 343 

The inputs to an aggregate trip-based model include information about spatial units (e.g., census tracts 344 
or travel analysis zones) and the underlying transportation network attributes connecting the spatial units. 345 
Spatial unit attributes include area, residential population, job counts by industry type, household size 346 
distribution, vehicle ownership distribution, socio-economic characteristics of the zone's residents, and 347 
land-use and built environment information. Given these inputs, the four-step modeling procedure 348 
determines (i) how many trips originate and terminate in each zone; (ii) the distribution of trips between 349 
origin-destination zonal pairs, (iii) the mode share for each origin-destination pair, and (iv) the routes of 350 
vehicle trips in the transportation network, respectively. Other model outputs include total vehicle distance 351 
traveled and congestion (i.e., delay) on each link in the network. It is also straightforward to calculate travel 352 
times between pairs of spatial units, as well as various place-based accessibility measures.  353 

There are several shortcomings of aggregate trip-based models, stemming from (i) the aggregate nature 354 
of the model output and (ii) their focus on trips. Most importantly, aggregate models cannot provide person-355 
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level measures for metrics like access to jobs, healthcare, shopping, etc. The lack of forecasts for person-356 
level outcomes severely limits the types of equity analyses that are possible. Instead of analyzing the 357 
distribution of benefits and harms of the RTP across individuals or groups of individuals, aggregate outputs 358 
only permit the analysis of benefits and harms across spatial zones (Castiglione et al. 2006). While modelers 359 
can segment spatial zones by trip purpose (e.g., work vs. non-work) or socio-economic characteristics (e.g., 360 
low-income, medium-income, high-income), data storage requirements and computation run time increase 361 
exponentially as the modeler introduces each additional segmentation variable. 362 

Additionally, trip-based models, aggregate or disaggregate, assume every trip is made independently 363 
of other trips. This assumption obscures the fact that the trips a person makes during a day depend on the 364 
other trips they make (e.g., a person can only make a work-to-restaurant trip if they first make a trip to 365 
work) and the trips other household members make (e.g., if a household has three persons and two cars, it 366 
is not possible for this household to generate three simultaneous single-occupant car trips).  367 

The inputs to a disaggregate activity-based model include a synthetic population of all households and 368 
persons within the region as well as land-use information and transportation network attributes. Each 369 
household is characterized by its location, size, structure (i.e., number of adults and number of children), 370 
income, vehicle ownership, etc. Each person is characterized by their race, gender, age, employment status, 371 
license to drive a vehicle, etc. with explicit linkages to their household’s attributes. Given these inputs, the 372 
disaggregate activity-based models used in practice include a large number of nested choice models. The 373 
nested models capture long-term household and person decisions, including work location and household 374 
vehicle ownership; medium-term decisions, such as transit pass ownership; and short-term decisions, such 375 
as trip mode, non-work activity locations, and activity start times. Disaggregate activity-based models can 376 
be integrated with static or dynamic traffic assignment models to determine route choices between activity 377 
locations. Disaggregate models can produce all of the same transportation network performance measures 378 
as aggregate models, while also providing daily activity and travel patterns for each person in the synthetic 379 
population. Disaggregate models also permit calculating person-based accessibility measures.  380 

The major difference between these two modeling paradigms, from the perspective of equity analyses, 381 
is their respective analysis units. The unit of analysis for aggregate trip-based models are zonal trips, i.e., 382 
the number of trips between two spatial zones. The unit of analysis for disaggregate activity-based models 383 
are person-level daily activity-travel patterns, i.e., the location, time, and type of activities each person in a 384 
given analysis area (e.g., the city of Chicago) conducts over the course of a typical day, along with the 385 
mode and route each person uses to travel between their activities. Hence, disaggregate models can meet 386 
our sixth preferred attribute of an RTP-based equity analysis, whereas aggregate models cannot.  387 

2.5 How MPOs Use (or Fail to Use) Travel Forecasting Models for Equity Analysis 388 

This section provides an overview of how MPOs currently use (or eschew) travel forecasting models 389 
in their equity analyses. This overview is broken down into four subsections: (i) equity analysis without 390 
travel forecasting models, (ii) aggregate trip-based models, (iii) disaggregate activity-based models, and 391 
(iv) the state-of-the-art framework for equity analyses proposed in existing scholarship. 392 

2.5.1 Equity analysis without travel forecasting 393 

MPOs that do not use travel forecasting models for their equity analysis rely upon mapping and other 394 
spatial analyses without predicting the outcomes of their RTP. For example, a frequent practice for MPOs 395 
is to overlay the location of infrastructure investments on a map that also displays spatial units with high 396 
concentrations of populations of concern, to illustrate whether investments are distributed equitably. 397 
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Because the populations of concern are identified based on predetermined thresholds within geographical 398 
units, and the approach only considers investments (i.e., inputs and not outputs), we describe this approach 399 
as a location- and threshold-based investments-only approach. 400 

The location- and threshold-based investments-only approach precludes an equity analysis that meets 401 
our fifth and sixth preferred attributes for a high-quality RTP-based equity analysis. It quantifies only 402 
inputs/investments instead of outputs/impacts (preferred attribute 5). It also provides measures at a 403 
place/geographical level, instead of a person level (preferred attribute 6). Moreover, the approach does not 404 
appear to meet the fifth requirement of the 2012 FTA circular, because it does not measure impacts.  405 

Section  1.3 describes the main shortcomings of an investments-only approach and a location-based 406 
approach through the lane-widening example. Herein, we expound on those shortcomings, identify 407 
additional shortcomings of an investments-only approach, and discuss issues with a threshold-based 408 
approach.  409 

First, because the investments-only approach only considers monetary inputs, it does not provide 410 
information on non-monetary land use and transportation policies. This is problematic because policies, in 411 
addition to infrastructure investments, are critically important in the context of understanding and 412 
advancing transportation equity. Since past policies have codified and reinforced many present-day 413 
inequities, forecasting and evaluating the impacts of proposed policies alongside infrastructure projects is 414 
essential. 415 

Second, MPOs typically identify disadvantaged communities as geographies where a population of 416 
concern exceeds a specified threshold (e.g., the geography has a higher concentration of Black residents 417 
compared to the region-wide share of Black residents). This location- and threshold-based approach to 418 
defining communities of concern can lead to differing outcomes depending on the threshold chosen and the 419 
level of spatial aggregation, such that the conclusions of an equity analysis (even one where outcomes are 420 
analyzed instead of just investments) are somewhat arbitrary. To address this issue, planning agencies can 421 
use multiple thresholds and different spatial aggregations to evaluate the robustness of their equity 422 
conclusions. However, we find this practice is uncommon.  423 

Third, when using a location- and threshold-based approach, MPOs only evaluate impacts on 424 
populations of concern located in the geographies identified as disadvantaged. Unfortunately, populations 425 
of concern in geographies not designated as “disadvantaged” are effectively ignored since their residential 426 
zone does not exceed the chosen threshold. Additionally, even within geographies designated as 427 
“disadvantaged,” there is no information to identify how populations of concern are impacted in particular. 428 
This might be problematic, for example, in historically low-income areas that are beginning to gentrify, 429 
where populations of concern may not benefit from certain investments (e.g., a new intersection design that 430 
improves vehicular traffic flow but increases walking delays) to the same extent as more affluent residents. 431 

The major limitations of the location- and threshold-based investments-only approach reflect implicit 432 
assumptions that transportation investments in one area primarily benefit (i) the geography itself and nearby 433 
geographies and (ii) all residents of those geographies. These assumptions may not be true, depending on 434 
the project and the residents of the nearby geographies, as the lane-widening example in Section 1.3. 435 
highlights.  436 

To go beyond an evaluation that only considers inputs (investments) towards a fuller assessment of 437 
true impacts, a forecasting model is necessary. However, to partially address the shortcoming of the 438 
threshold-based approach, a forecasting model is not necessary. One option to address the threshold 439 
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shortcoming is a location-based population-weighted approach that does not use thresholds for designating 440 
communities of concern. Rather, such an approach weighs the benefit or harm to each geography by the 441 
percentage of persons in the geography that are designated as members of populations of concern 442 
(Rowangould et al. 2016; Twaddell and Zgoda 2020). Thus, this approach avoids the threshold issue that 443 
otherwise hampers location-based equity analysis. Nevertheless, the location-based population-weighted 444 
approach still involves the aggregation of impacts at a given geography, ignoring how travel constraints 445 
and preferences vary between different groups and persons within the geography. The following 446 
subsections detail the importance of forecasting and analyzing the outcomes of proposed policies and 447 
projects in the RTP, as well as the shortcomings of using spatial zones as the unit of analysis when 448 
evaluating the impacts of RTPs on equity. 449 

2.5.2 Equity analysis with aggregate trip-based travel forecasting models 450 

Aggregate trip-based travel forecasting models yield benefits for all analyses (including equity 451 
analyses), compared to an investments-only approach, because forecasting models permit estimation of 452 
future system outcomes (e.g., location-based accessibility measures) based on the policies and projects 453 
proposed in RTPs. Instead of showing where investments are located relative to geographies of interest, 454 
travel forecasting models estimate the impacts of the proposed RTP, thereby permitting a distributional 455 
analysis of outcomes instead of resource allocation alone. 456 

However, aggregate trip-based models, as described in Section 2.4, are unable to meet our sixth 457 
preferred attribute of an RTP-based equity analysis—they can only provide measures at the level of spatial 458 
units rather than at the person level. Moreover, unfortunately, many MPOs also use a threshold-based 459 
approach to designate spatial units as disadvantaged or non-disadvantaged. Once again, using a population-460 
weighted approach for equity analysis with the aggregate trip-based model can address the threshold issue, 461 
as described in the prior subsection.   462 

Prior research affirms that measuring equity at geographic levels can obfuscate systematic differences 463 
in travel behavior across and within specific populations (Karner 2016; Golub and Martens 2014; Manaugh 464 
et al. 2015; Rowangould et al. 2016). Moreover, recent research finds that performing zonal-level equity 465 
analysis can produce directionally incorrect inferences if applied to the individual level, in the case of the 466 
employment accessibility benefits from robo-taxis across income levels (Hyland and Ahmed 2022).  467 

2.5.3 Equity analysis with disaggregate activity-based travel forecasting model 468 

Disaggregate activity-based travel forecasting models overcome the shortcomings of aggregate trip-469 
based models for the purposes of equity analyses. Because disaggregate activity-based models use the 470 
synthetic person and household as the unit of analysis, these models can measure the benefits and costs of 471 
an RTP at the person level. Given the person-level outputs, it is relatively straightforward for analysts to 472 
evaluate the distribution of benefits and harms across (and within) population segments. Hence, 473 
disaggregate activity-based models can clearly indicate whether low-income, and/or racial/ethnic minority 474 
populations received fewer benefits and greater harms than other income groups and/or racial/ethnic groups. 475 
Thus, disaggregate activity-based models can support equity analyses that meet all of our preferred 476 
attributes for high-quality RTP-based equity analyses in Section 1.3. 477 

2.5.4 State-of-the-art framework for equity analyses 478 

Bills and Walker (2017) propose a framework for analyzing equity in transportation plans that we 479 
believe represents the state-of-the-art. This four-step process outlines how MPOs can use activity-based 480 
travel forecasting models to improve their equity analyses. The four steps include: 481 
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(1) Identifying which populations are of interest and what indicators are being measured; 482 

(2) Calculating indicators using travel model data; 483 

(3) Comparing distributions rather than means of results; and 484 

(4) Evaluating multiple scenarios based on selected equity criteria. 485 

Steps one and two are fairly common for MPOs who have travel forecasting models, but steps three 486 
and four are far less common. Step three involves analyzing the complete distribution of outcomes across 487 
individuals within a population of concern instead of the population of concern's mean result (Bills et al. 488 
2012). This is particularly important as one set of policies and projects may provide large benefits to a 489 
population of concern (e.g., low-income households) on average, but with significant variance, so that a 490 
small (but significant) subset of the population of concern may receive few benefits and face significant 491 
harms. Researchers have affirmed the importance of evaluating outcomes in this manner in recent case 492 
studies that measure distributional impacts to accessibility in London, England (Dixit and Sivakumar 2020) 493 
and pollution exposure in Tampa, Florida (Gurram et al. 2019). Notably, disaggregate activity-based travel 494 
demand models produce person-level outputs and thereby permit the analysis in step three. Step four 495 
involves evaluating and comparing multiple scenarios based on the equity criteria chosen. This is in line 496 
with recent efforts to integrate scenario planning into long-range transportation planning (Lempert et al. 497 
2022).  498 

A recent addition to this framework involves choosing an equity standard by which to evaluate 499 
scenarios, as the standard used can change how outcomes are interpreted (Bills 2022). For example, recent 500 
research argues for a focus on insufficiencies in accessibility for all persons, rather than discrepancies in 501 
accessibility across population segments, when evaluating the equity/inequity in a transportation system. 502 
(Martens et al. 2022; Pereira et al. 2017). Section 2.6 also delineates various equity standards that an MPO 503 
might employ when crafting equity goals.  504 

Martens et al. (2022) argue that planners should determine sufficiency criteria for access to opportunity 505 
and make planning decisions such that everyone in a region obtains accessibility levels above the given 506 
threshold. They suggest this approach is preferable to simply trying to decrease the gaps in accessibility 507 
between population segments. While our study is an analysis of existing RTPs, and those RTPs almost 508 
exclusively discuss equity in terms of disparity, travel forecasting models are (in many ways) agnostic with 509 
respect to sufficiency versus disparity. The models provide (estimated) measures of accessibility based on 510 
the implementation of the proposed RTP. A planner can use those accessibility measures to assess disparity 511 
or sufficiency.  512 

2.6 The Equity Ladder 513 

Prior research documents variations in the equity analyses submitted by MPOs. An analysis of the 10 514 
largest MPOs in the U.S. found that all MPOs satisfy the non-discrimination standard of Title VI (Martens 515 
and Golub 2021). They also provide a taxonomy to assess how MPOs define fairness. This "ladder of 516 
equity" (shown below) provides a useful framework for understanding where on the spectrum of equity a 517 
given MPO's equity goals lie–from mere legal compliance (i.e., meeting Title VI requirements) to 518 
restorative equalization, which aims to proactively remedy past inequities. 519 

● Non-discrimination: no group is explicitly discriminated against; legally required by Title VI 520 
● Pareto: no community is harmed while some group(s) receive benefits 521 
● Pareto-plus: no community is harmed, and all groups receive significant benefits 522 
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● Proportional equity: all groups receive an equal share of benefits 523 
● Restorative equalization: historically marginalized groups receive a greater share of benefits 524 

3 Data and Methods 525 

To assess the quality of equity analyses performed by the 11 MPOs in our sample, we analyze the 526 
contents of RTPs and their supporting documents. Section 3.1 first details our data sources (e.g., the specific 527 
RTPs and documents analyzed) and then Section 3.2 describes the measures we use to evaluate the equity 528 
analyses contained in those planning documents. 529 

3.1 Data Sources 530 

For our analysis, we evaluate a sample of 11 large MPOs, including MPOs representing the largest 531 
metropolitan areas in the US. For these 11 MPOs, we evaluate their most recently published RTP as of 532 
2021 and other publicly available supplementary documentation relevant to equity metrics or analysis. 533 
Supplementary documentation may include an Environmental Justice appendix or a separate equity report 534 
or appendix. Memos or other documentation were reviewed if they were referenced within the RTP and 535 
appeared to be relevant to the MPO's equity analysis. For example, the San Diego Association of 536 
Governments (SANDAG) shares its board of directors' meeting agendas, and documentation from one such 537 
meeting provides details on how they approached the equity analysis in their 2021 RTP. The table below 538 
lists the MPOs in our sample, the date the RTP reviewed was adopted, and a list of documents reviewed. 539 
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Table 1: Summary information for sampled MPOs  540 
MPO Name and RTP 

Reference 
City/ Region Date RTP 

Adopted 
Document(s) Reviewed, in addition to RTP 

San Diego Association of 
Governments 
(SANDAG 2021a) 

San Diego, CA December 
2021 

Appendix B - Implementation Actions 
Appendix E - Performance Monitoring 
Appendix H - Social Equity 
Appendix P - Benefit-Cost Analysis 
Public Involvement Plan 
Memo - Social Equity Analysis 

Southern California 
Association of 
Governments 
(SCAG 2020) 

Los Angeles, CA September 
2020 

Environmental Justice Technical Report 
Memo – Racial Equity Early Action Plan 

Metropolitan 
Transportation 
Commission 
(MTC 2021a) 

San Francisco, 
CA 

October 2021 Performance Report 
Equity Analysis Report 

Chicago Metropolitan 
Agency for Planning 
(CMAP 2018a) 

Chicago, IL October 2018 Regionally Significant Projects Benefits Report 
Indicators Appendix 
Online - Indicators Dashboard and GitHub Repository 

North Central Texas 
Council of Governments 
(NCTCOG 2018a) 

Dallas, TX June 2018 Appendix B - Social Considerations 
Public Participation Plan 
TIP Project Selection 

Houston-Galveston Area 
Council 
(HGAC 2019) 

Houston, TX May 2019 Appendix I - Environmental Justice 
Appendix P - Performance Measures 

Atlanta Regional 
Commission 
(ARC 2020) 

Atlanta, GA February 
2020 

RTP Project List 
The Regional Plan's Policy Framework 
TIP Project Evaluation 
Online - Dashboard that tracks trends and plan performance 

Transportation Planning 
Board 
(TPB 2018a) 

Washington, 
D.C. 

October 2018 Appendix B - Summary of Projects 
Memo - Methodology for Equity Emphasis Areas 
Resolution - Racial Equity as a Fundamental Value 
Environmental Justice and Title VI Analysis Technical Report 
Online - Interactive map of Equity Emphasis Areas 

New York Metropolitan 
Transportation Council 
(NYMTC 2021) 

New York City, 
NY 

September 
2021 

Appendix D - Environmental Justice & Title VI Assessment 

North Jersey 
Transportation Planning 
Authority 
(NJTPA 2021) 

Northern New 
Jersey 

September 
2021 

Title VI Implementation Plan 
Fair Housing and Equity Assessment Report 

Delaware Valley Regional 
Planning Commission 
(DVRPC 2021) 

Philadelphia, PA September 
2021 

Policy Manual 
Online - Indicators Dashboard 

3.2 Measures 541 

In the first part of our analysis, we assess the current state-of-the-practice of equity analysis carried 542 
out by MPOs by identifying: 543 

1. Where equity goals and metric targets lie on the equity ladder defined by Martens and Golub (2021). 544 
Below is our coding scheme with corresponding examples of language from MPOs in our sample: 545 

a. Non-discrimination is language that focuses on proving that vulnerable communities are not 546 
disproportionately negatively affected by the RTP.  547 
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Example: "To date, DVRPC has undertaken program or system level analysis tests to identify 548 
potential disparities with poor bridge and pavement conditions and crashes to determine if they 549 
are disproportionately concentrated in census tracts with above average or well-above average 550 
low income, racial minority, and ethnic minority communities." (DVRPC 2021, p. C-3) 551 

b. Pareto is language indicating the RTP or a project would provide some benefits, even if those 552 
benefits are not distributed to all groups, without causing significant harm. 553 

Example: "Connect SoCal will reduce roadway noise impacts at the regional level but does not 554 
specifically improve impacts for disadvantaged communities." (SCAG 2020, p. 147) 555 

c. Pareto-plus is language indicating that no community is disproportionately harmed, and all 556 
groups receive meaningful benefits. 557 

Example: The Dallas MPO aims to "go above and beyond basic requirements to create a 558 
transportation system that is beneficial to all residents of the region" (NCTCOG 2018a, p. 26) 559 

d. Proportional equity is language indicating that all groups receive equal benefits. 560 

Example: "An examination of individual performance measures finds [Equity Emphasis Areas] 561 
and the Rest of the Region experience similar benefits or burdens across all measures" (TPB 562 
2018b, p. 17) 563 

e. Restorative equalization is where historically marginalized groups receive the largest share of 564 
benefits in order to remedy past inequities. 565 

Example: The San Francisco MPO has an equity score that "calculates the ratio of the 566 
monetized accessibility benefit from the project experienced by a person with low income" and 567 
identifies ratios of 60% or greater as their target to advance equity (MTC 2021b, p. 16) 568 

2. How MPOs define populations of concern. Following the method used by Krapp et al. (2021) to 569 
evaluate how RTIP analyses identify populations of concern for measurement purposes, we examine 570 
whether MPOs use:  571 
 572 

a. Geographies (e.g., census tracts with high concentrations of a particular population like low-573 
income residents); 574 

b. Users (e.g., a specific group like low-income residents across the entire region); or 575 

c. Both geographies and users. 576 

 577 
3. The source documents describing the equity analyses in order to assess the extent to which equity 578 

analyses are integrated into RTPs. Relevant source documents include:  579 
 580 

a. RTPs 581 

b. Appendices 582 

c. Memos 583 

d. Technical reports 584 

e. Meeting agendas 585 
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 586 
4. The role of community engagement in developing metrics. We examine whether MPOs engage with 587 

other governmental actors, community-based groups, advisory committees, and/or other groups to 588 
choose equity-related metrics.  589 

5. Whether the equity analysis goes beyond what is legally required of MPOs, by comparing equity 590 
analyses to Title VI and, where applicable, state requirements. Hence, we determine whether an MPO’s 591 
equity analysis: 592 

a. Simply meets legal requirements, or 593 

b. Exceeds legal requirements 594 

Through this content analysis RTP documentation, we are able to identify both the range of the state-of-595 
the-practice of equity planning for the MPOs in our sample as well as the approaches most commonly used. 596 

The second part of our analysis focuses on how MPOs use models, particularly travel forecasting 597 
models, in equity analyses. All MPOs are required to employ models to evaluate their plans, although they 598 
are not currently required to use models in their equity analyses. As a result, every MPO already has a 599 
modeling tool that can assist in equity analyses. However, the types and quality of equity analyses possible 600 
depend on the type of model an MPO uses, as described in Section 2.5. We therefore assess the capabilities 601 
of the model each sampled MPO currently uses. 602 

Existing models used by MPOs can be classified as either aggregate trip-based or disaggregate activity-603 
based models. While only the latter type of model permits state-of-the-art equity analyses, other approaches 604 
can still produce valuable spatial equity analyses. We categorize MPOs both in terms of (1) the models they 605 
use and (2) the quality of their equity analyses conditional on the travel forecasting model type they use for 606 
general transportation planning analysis. This approach allows us to tailor guidance to MPOs' existing 607 
technical capacity rather than identifying a state-of-the-art technique that may not be viable for MPOs with 608 
relatively limited modeling capabilities and resources.  609 

4 Results 610 

In this section, we present and discuss the results of our analyses. The first half of this section describes 611 
the range of the state-of-the-practice for equity analyses in RTPs, from the lowest level to cutting-edge 612 
practices. The second half describes how existing equity analyses compare to the state-of-the-art framework 613 
and how MPOs can progress towards the state-of-the-art based on their current modeling capabilities. For 614 
a detailed overview of the results of our analysis, see Table 2. 615 



 

18 

Table 2: Summary table of the results of our analysis 616 
MPO RTP travel 

model 
Model use in equity 
analysis 

Segment Type Segmentation categories Equity indicators/metrics Process of metric 
development 

Target distributional 
standard 

San Diego Activity-
Based 

Forecasts cost/benefit 
by population 
segment 

Population - Low-income 
- Ethnic/racial minorities 
- Seniors 

- People within 0.5 miles of transit (by transit tier) 
- Access to employment centers 
- Access to higher education 
- Benefit-cost ratio 
- Transportation system use costs 
- Access to retail 
- Access to parks 
- Access to medical/healthcare 
- Average particulate matter (PM2.5) 
- People within 0.25 miles of bicycle facilities 

Developed alongside 
community-based 
organization partners and 
stakeholders 

Proportional Equity 

Los Angeles Trip-Based Forecasts outcomes 
by zones with high 
concentrations of 
population segments 
and the overall region 

Population and 
Geography 

- Low-income 
- Ethnic/racial minorities 
- Seniors 
- Disabled 

- Share of employment and shopping destinations within 30 minutes 
by automobile or 45 minutes by transit 
- Share of park acreage within 30 minutes by automobile or 45 
minutes by transit 
- Roadway noise impacts 
- Emissions impact analysis 
- Impacts along freeways and highly traveled corridors 
- Travel time and travel distance savings 
- Rail-related impacts 
- Share of transportation system usage 
- Connect SoCal revenue sources in terms of tax burdens 
- Connect SoCal investments by mode 
- Geographic distribution of Connect SoCal transportation 
investments 
- Mileage-Based User Fee impacts 

SCAG chose the metrics, 
but regional EJ stakeholders 
influenced the analysis and 
categorization of the metrics 

Proportional Equity 
(with some Pareto and 
Restorative 
Equalization) 

San Francisco Activity-
Based 

Forecasts allocation 
of benefits by 
population segment 

Population and 
Geography 

- Low-income 
- Ethnic/racial minorities 

- Share of income spent on transportation-housing 
- Per Trip Average Transit Fare 
- Auto Out-of-Pocket Expense 
- Parking Costs and Tolls 
- Share of Households Located Near High-Frequency Transit 
(0.5mi) 
- Number of Jobs That Are Accessible by Transit/Auto/Bike/Walk 
- Share of Households in High-Resource Areas That Are Households 
with Low Incomes 
- Share of Neighborhoods That Experience Loss of Low-Income 
Households  
- Urban Park Acres per 1,000 Residents 
- PM2.5 Emissions Density (Daily Tons of Emissions per 10 Square 
Miles) 
- Annual Fatalities per 100,000 People (from Non-Freeway 
Incidents) 
- Share of Risk-Prone Households That Are Protected from Risk of 
Sea Level Rise, Earthquake and Wildfire 
- Job Growth by Industry Type  
- Average Commute Distance (miles) 

The Regional Equity 
Working Group and the 
Policy Advisory Council's 
Equity and Access 
Subcommittee were 
advisory to the equity 
analysis process. 

Restorative 
Equalization 

Chicago Trip-Based Not used in equity 
analysis 

Population and 
Geography 

- Low-income 
- Ethnic/racial minorities 

- % of income spent on housing/transportation by moderate- and 
low-income groups 
- Real median household income 
- Gini coefficient 
- Average journey to work time 
- Preventable hospitalizations 
- Access to parks in economically disconnected areas 
- Share of New Infill Development Occurring in Economically 

Various committees helped 
shape the indicators, 
including the citizens 
advisory committee, but no 
committees were dedicated 
to equity 

n/a 
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Disconnected Areas 
- Educational Attainment  
- Workforce Participation 
- Unemployment 
- Change in Mean Household Income by Quintile 
- Change in Non-Residential Market Value 

Dallas Trip-Based Forecasts outcomes 
by zones with high 
concentrations of 
population segments 

Geography - Protected populations  
(ethnic/racial minorities and low-
income households) 

- Number of jobs accessible within 30 minutes by automobile & 60 
minutes by transit 
- Population within 30 minutes of a university 
- Population within 30 minutes of a regional shopping center 
- Population within 15 minutes of a hospital 
- Average level of congestion 
- Average travel time 

Metrics were chosen 
alongside other 
governmental/regional 
transportation organizations 

Pareto Plus 

Houston Trip-Based Forecasts outcomes 
by zones with high 
concentrations of 
population segments 

Geography - EJ Areas (low-income & 
ethnic/racial minorities) 
- EJ High Disadvantage (limited 
English proficiency, seniors, 
limited educational attainment, 
carless households, and female 
head of households) 

- Commute time (HBW Trips mobility analysis) 
- Jobs accessible by car/transit 
- Average vehicle trip time (car and transit) 
- Average vehicle trip distance (car and transit) 
- Average vehicle speed (car and transit) 
- Compare investments in EJ vs. non-EJ zones 
- Accessibility to pedestrian/cyclist infrastructure 
- Accessibility to libraries 
- Accessibility to hospitals 
- Accessibility to trauma centers 
- Accessibility to higher education facilities 
- Accessibility to fixed-route transit 

Unknown Unclear; mixture of 
language, from Pareto 
to Proportional 
Equity, is used 

Atlanta Activity-
Based 

Forecasts mode 
choice in zones with 
high concentrations of 
"environmental 
justice populations" 

Geography - EJ communities (low-income & 
ethnic/racial minorities) 

- Mode Choice in Census Tracts with High Concentrations of 
Environmental Justice Populations (SOV, HOV, transit, and 
walking/cycling) 

The Transportation Equity 
Advisory Group, which 
included planners and 
advocates, guided the equity 
analysis. 

Unclear; some 
indication of Pareto 
Plus, but only one 
metric is identified 

Washington, 
D.C. 

Trip-Based Forecasts outcomes 
by zones with high 
concentrations of 
population segments 

Geography - Equity Emphasis Areas (low-
income & ethnic/racial minorities) 

- Average number of jobs accessible by auto 
- Average number of jobs accessible by transit 
- Average number of jobs accessible by High Capacity Transit 
- Average number of jobs accessible by bus 
- Population with walkable access to High Capacity Transit 
- Population with walkable access to bus service 
- Average commute time by auto 
- Average commute time by transit 
- Average travel time to closest hospital by auto 
- Average travel time to closest hospital by transit 

Two advisory committees 
and other governmental 
organizations influenced 
equity analysis 

Proportional Equity 

New York City Trip-Based Not used in equity 
analysis 

Geography - Low-income 
- Ethnic/racial minorities 

  n/a n/a 

Northern New 
Jersey 

Trip-Based Not used in equity 
analysis 

Geography - Ethnic/racial minorities   n/a n/a 

Philadelphia Trip-Based Used to measure Air 
Quality, but is 
otherwise not used in 
equity analysis 

Geography Primary 
- Low-income 
- Ethnic/racial minorities 
Secondary: 
- Sex (female) 
- Age (elderly) 
- Limited English proficiency 
- Foreign-born 
- Persons with disabilities. 

  n/a n/a 

617 
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4.1 Range of the State-of-the-Practice 618 

In our evaluation of the characteristics of equity analyses, we find the range of the state-of-the-practice 619 
varies considerably. Within the wide range, there seem to be three distinct clusters of approaches to equity 620 
analyses: 621 

1. A focus on meeting legal requirements without using model forecasts thereby not measuring 622 
RTP expected outcomes (i.e., impacts) on populations of concern; 623 

2. Proving non-discrimination by using common accessibility metrics like access to jobs or other 624 
resources, as well as showing how investments proposed within the RTP are allocated across 625 
different geographies; and 626 

3. Cutting-edge approaches focused on evaluating the impacts of the proposed plan on 627 
populations of concern. 628 

The following three subsections describe these approaches in more detail and provide specific examples. 629 

4.1.1 Equity analyses that meet legal requirements 630 

Of the 11 MPOs, three limit their analyses to mapping census tracts where low-income and minority 631 
populations are concentrated throughout their respective regions. Two of these three–the New York City 632 
and Northern New Jersey MPOs–only identify ethno-racial minorities and low-income households as 633 
populations of concern, as is required by Title VI. The Philadelphia MPO identifies six other groups–634 
elderly, disabled, youth, limited English proficiency, women, and foreign-born–as populations of concern. 635 
Lastly, all of these MPOs use the threshold- and location-based investments-only approach to assess equity 636 
for the populations of concern.  637 

In terms of the equity ladder, these three MPOs use a mixture of language from non-discrimination to 638 
restorative equalization within their equity analyses. However, the only clear metrics or goals they describe 639 
relate to achieving proportional investments between identified geographies with concentrated populations 640 
of concern versus the remaining region. All three of the most recent RTPs by these MPOs do not tie their 641 
equity analyses to broader RTP goals or describe any avenues by which community engagement has 642 
influenced equity analyses or the development of equity metrics. In general, the strategy these MPOs seem 643 
to employ involves showing that planned investments are equitably distributed across different geographies 644 
in order to meet the Title VI requirement of proving non-discrimination. 645 

4.1.2 Equity analyses that use a conventional approach with accessibility metrics 646 

Five MPOs in our sample exceed basic legal requirements but fall short of achieving the cutting-edge 647 
state-of-the-practice. These MPOs include Atlanta, Chicago, Dallas, Houston, and Washington, DC. All 648 
five of these MPOs identify specific equity metrics, many of which are similar in nature. 649 

The Chicago, Dallas, Houston, and Washington, DC MPOs measure commute times and access to 650 
resources like jobs and parks by car and transit. All of these MPOs use geographies for metric measurement, 651 
evaluating census tracts with high concentrations of low-income and minority populations. As described in 652 
the background section above, the aggregate trip-based modeling approach may not accurately identify who 653 
receives benefits within a spatial zone. 654 

The Atlanta MPO only identifies mode choice by race/ethnicity as an equity metric. Moreover, the 655 
Atlanta RTP does not provide any specific criteria or goals related to this equity metric. In fact, it is unclear 656 
whether a higher transit mode share for populations of concern vs. the other residents of the region is 657 
preferable for the purposes of the Atlanta RTP.  658 
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The Chicago MPO uses metrics that are tied to specific populations of concern instead of geographies. 659 
However, its equity analysis neither forecasts outcomes based on the RTP nor identifies targets for these 660 
metrics. This leaves the impacts of the Chicago MPO's RTP on equity ambiguous and also makes it difficult 661 
to identify what the Chicago MPO's RTP would define as an equitable outcome. 662 

In terms of the equity ladder, these MPOs have a mixture of equity standards. Both the Chicago and 663 
Atlanta MPOs have equity measures that do not seem to have specific targets or aims, making their equity 664 
standard hard to discern. Some of their language implies a proportional equity standard, maybe even 665 
restorative equalization, but without clarity on targets or goals, it is unclear. For example, when describing 666 
their average commute times by race and ethnicity metric in their Indicators Appendix, the Chicago MPO 667 
says that "Local and regional planning should emphasize improving commute times and options for 668 
residents facing long commutes" (CMAP 2018b, p.78). Since Black residents have the longest commute 669 
times, this seems to imply a restorative equalization standard despite no specific goal being specified. 670 

The Houston and Dallas MPOs both seem to employ lower standards compared to the other MPOs. 671 
Much of the language in their equity analyses focuses on proving non-discrimination, primarily via 672 
measures that show existing inequities in accessibility that actually favor geographies with high 673 
concentrations of populations of concern. While the Houston MPO employs a proportional equity standard 674 
for much of its equity analysis, it also uses the lower Pareto standard to justify a highway project that would 675 
provide almost no benefit to populations of concern.  676 

The Washington DC MPO primarily employs a proportional equity standard, evaluating whether 677 
benefits received by communities of concern and non-communities of concern are approximately equal. 678 

Apart from the Atlanta and Houston MPOs, all these MPOs discuss equity metrics in multiple RTP 679 
documents. The Atlanta and Houston MPOs address equity more broadly in other portions of their RTP 680 
documents, but their metrics related to equity are only identified in a single location. All these MPOs also 681 
have identified committees and/or advisory groups that helped develop their equity analyses and metrics. 682 
The only exception is the Houston MPO, which describes its public outreach efforts, but did not explain 683 
how its equity analysis or metrics were influenced via public engagement. Overall, all these MPOs go 684 
beyond the legal bare minimum requirements described in the previous subsection, but do not represent the 685 
cutting-edge state-of-the-practice.  686 

4.1.3 Equity analyses with cutting edge practices 687 

The remaining three MPOs in our sample–the Los Angeles, San Diego, and San Francisco MPOs–688 
have equity analyses in their most recent RTPs that exemplify the cutting-edge state-of-the-practice. These 689 
MPOs use common accessibility metrics employed by other MPOs, such as access to jobs, parks, shopping, 690 
and other resources. They also use metrics not common across our sample, including changes in particulate 691 
matter, transportation and housing costs, and benefit to cost ratio (BCR). BCR compares the costs of 692 
planned projects to the benefits they generate based on outputs from activity-based models and the assumed 693 
monetary value of those benefits. Additionally, San Diego and San Francisco distinguish themselves by 694 
evaluating forecasted impacts of their plans on populations of concern rather than geographies where those 695 
populations of concern are concentrated. For example, the San Diego MPO forecasts and compares the 696 
impacts of build and no-build scenarios on minority, non-minority, low-income, and non-low-income 697 
populations. On the other hand, the Los Angeles MPO forecasts and compares accessibility of the base 698 
year, with accessibility metrics in future build and future no-build scenarios for various geographies with 699 
high concentrations of populations of concern. Given that LA only uses an aggregate trip-based travel 700 
forecasting model, their equity approach represents the cutting edge under this model limitation.  701 
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In terms of the equity ladder, these three MPOs use varying standards. The San Diego MPO mostly 702 
uses a proportional equity standard in its equity analysis, evaluating whether "the percentage point 703 
difference between the groups is substantial enough to potentially qualify for further evaluation as a 704 
disparate impact or disproportionate effect." The Los Angeles MPO uses mixed language, ranging from 705 
Pareto (e.g., justifying roadway noise reduction that primarily benefits white and affluent residents but has 706 
no negative impact on other groups), to restorative equalization (e.g., specifically identifying the need to 707 
close disparities in bicycle and pedestrian risks between populations of concern and the rest of the 708 
population). The San Francisco MPO employs a restorative equalization standard, specifically identifying 709 
whether individual projects advance, maintain, or reduce equity compared to its 2015 plan. 710 

All three MPOs have categorized their equity metrics under broader plan goals, reference their equity 711 
analyses in their RTPs, and provide detailed appendices on their equity analyses. Additionally, the San 712 
Francisco and Los Angeles MPOs both convened working groups focused on equity or environmental 713 
justice advising their equity analyses and metric selection. The San Diego MPO collaborated with 714 
community-based organizations and stakeholders to choose equity metrics as part of their analysis. 715 

Notably, these three MPOs are all located in California where state law provides stricter guidelines for 716 
equity analyses than the federal government's Title VI requirements. This may be the impetus or at least a 717 
contributing factor for the more advanced state-of-the-practice in California specifically. 718 

4.2 Moving Towards the State-of-the-Art 719 

As described above, the state-of-the-art equity analysis proposed by Bills and Walker (2017) involves 720 
the use of a disaggregate activity-based model to measure specific performance indicators on populations 721 
of concern in order to compare distributions of results and prioritize plans based on the chosen equity 722 
criteria. In order to understand where MPOs currently stand in comparison to the state-of-the-art, this 723 
section identifies how our sample of MPOs currently use travel models in their plan broadly and in equity 724 
analysis specifically. It then describes how they can advance towards the state-of-the-art regardless of their 725 
current capabilities.  726 

In our analysis, we identified three strategies currently employed by the eleven MPOs we evaluated: 727 
(i) analysis does not use a travel forecasting model, (ii) analysis uses an aggregate trip-based travel demand 728 
model, and (iii) analysis uses a disaggregate activity-based travel demand model. In the subsections below, 729 
we describe how MPOs in each of these tiers use models and how they can improve their respective equity 730 
analyses. 731 

4.2.1 Analyses without travel forecasting models 732 

While each MPO in our sample used a travel forecasting model for its RTP, many did not use this 733 
model to forecast and measure the impacts of their plans on populations of concern. Specifically, the 734 
Chicago, New York, New Jersey, and Philadelphia MPOs all have travel forecasting models but did not use 735 
them in their equity analyses. Instead, they rely upon Census and American Community Survey (ACS) data 736 
to prove non-discrimination in terms of the locations of planned investments. The Chicago MPO identifies 737 
numerous equity metrics, but primarily uses ACS data to measure current conditions and does not forecast 738 
the future impacts of the RTP.  739 

These MPOs can improve their equity analyses along two dimensions. First, they can and should use 740 
their travel forecasting models to evaluate the impacts of their RTPs on populations of concern. Second, 741 
they should identify metrics, such as accessibility, which are important for their equity analysis.  742 
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The Los Angeles MPO provides a cutting-edge use of a trip-based travel forecasting model by 743 
evaluating impacts across numerous populations of concern, although it still classifies these populations 744 
using a location- and threshold-based approach. We discuss the Los Angeles MPO approach in more detail 745 
below. Chicago, New York, New Jersey, and Philadelphia MPOs should look to replicate the Los Angeles 746 
MPO's approach to equity analysis, which is both superior to their current practices and technically feasible 747 
given their travel modeling capabilities. 748 

4.2.2 Analyses using trip-based travel forecasting models 749 

The Dallas, Houston, Los Angeles and Washington, DC MPOs all use trip-based travel forecasting 750 
models to evaluate equity outcomes in their RTPs. The Houston and Washington, DC MPOs use their travel 751 
forecasting models to compare how current, build, and no build scenarios differ across geographies with 752 
and without concentrations of low-income and minority populations. Specifically, they look at accessibility 753 
metrics like number of jobs accessible by car and transit and the amount of investment allocated to low-754 
income and minority geographies versus the rest of the region. While this approach improves on equity 755 
analyses that only use current ACS data and do not make forecasts, the Dallas and Los Angeles MPOs 756 
leverage their trip-based models more thoroughly than the Houston and Washington, DC MPOs. 757 

The Dallas MPO evaluates similar metrics (e.g., access to jobs and amount of investment) as the 758 
Washington, DC and Houston MPOs. However, Dallas evaluates outcomes for two different types of 759 
geography classifications–geographies with high concentrations of ethno-racial minorities and geographies 760 
with concentrations of low-income populations. This approach enables the MPO to evaluate how the RTP 761 
will impact distinct populations of concern, as opposed to other analyses that combine such populations. 762 
For example, the Dallas MPO's analysis forecasts that its African American population will have access to 763 
7.7% more jobs within 30 minutes by transit (NCTCOG 2018b, p. 38) whereas its low-income population 764 
will see a forecasted increase of 16.6% (NCTCOG 2018b, p. 36). If these two groups were combined in the 765 
analysis, the distribution of benefits between them would be unclear. The Los Angeles MPO goes further 766 
than the Dallas, Houston, and Washington DC MPOs in two ways. First, it includes population segments 767 
for all five of the region's income quintiles and one for households below the federal poverty line, which is 768 
a subset of households in the lowest income quintile. Second, it evaluates outcomes for these segments 769 
across the entire region, using traffic analysis zones (TAZs) with concentrations of low-income and 770 
minority populations, and census tracts with disproportionate exposure to pollution.  771 

The Los Angeles MPO provides a cutting-edge framework for the use of trip-based travel forecasting 772 
models in equity analysis. However, without a disaggregate activity-based model, it is impossible to 773 
compare disaggregate outcome data and evaluate the impact on individual agents. Without this capability, 774 
these equity analyses are limited to evaluating spatially aggregated data that obscure impacts on populations 775 
of concern and inhibit comparing distributions of outcomes, a key component of the state-of-the-art 776 
framework. Notably, the Los Angeles MPO has already developed an activity-based model while both the 777 
Houston and Washington DC MPOs are in the process of developing activity-based models. 778 

4.2.3 Analyses using activity-based travel forecasting models 779 

The Atlanta, San Diego, and San Francisco MPOs all use activity-based travel demand models in their 780 
equity analyses. The Atlanta MPO under-utilizes its activity-based model in its equity analysis while the 781 
San Diego and San Francisco MPOs exemplify cutting edge use of their models. However, the cutting-edge 782 
state-of-the-practice still has room to advance towards the state-of-the-art. 783 

The Atlanta MPO only measures one equity metric with its activity-based model, namely, mode 784 
choice, on census tracts with high concentrations of populations of concern. This metric does not leverage 785 
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the activity-based model's ability to evaluate individual agents since it aggregates data by geography instead 786 
of populations of concern. It is also unclear from the Atlanta documentation what constitutes an equitable 787 
or more equitable outcome for mode choice in census tracts with high concentrations of populations of 788 
concern. 789 

The San Diego MPO uses its activity-based model to evaluate accessibility metrics across low-income, 790 
minority, and senior populations. The activity-based model forecasts individual travel behavior and 791 
evaluates how those groups are impacted by the RTP across the region. The San Diego MPO also assigns 792 
monetary value to travel benefits and estimates that low-income, minority, and disabled residents 793 
collectively receive over 80 percent of the benefits while only making up 68 percent of the region's 794 
population.  795 

The San Francisco MPO uses its activity-based model similarly, though it does not evaluate minority 796 
populations throughout the region, instead opting to focus on geographies with high concentrations of low-797 
income and minority populations. However, the San Francisco MPO uses its model to evaluate how various 798 
accessibility and cost metrics change for low-income populations as well as job growth by wage level. Its 799 
activity-based model also measures displacement and access to high-resource neighborhoods, making San 800 
Francisco the only MPO in our sample that measured this salient issue. Importantly, it uses its model to 801 
assess individual projects and flag projects if populations of concern do not receive their fair share of 802 
benefits. 803 

While the San Diego and San Francisco MPOs exemplify cutting edge equity analysis practices, even 804 
these MPOs could do more to move towards a state-of-the-art equity analysis framework. In particular, 805 
neither of these MPOs compare distributions of outcomes across populations of concern nor do they analyze 806 
the distribution of outcomes within populations of concern, the third component of the Bills and Walker 807 
(2017) framework. Instead MPOs continue to compare averages that are prone to masking valuable 808 
information about the distribution of benefits and harms of long-term plans within populations of concern. 809 
A key benefit of activity-based models is the ability to obtain disaggregated data that allows analysts, 810 
planners, and community members to obtain and visualize distributions of outcomes across a given 811 
population of concern. MPOs with activity-based models can compare how their RTP benefits not just low-812 
income residents on average, but how those benefits are distributed within that population of concern to 813 
compare outcomes more thoughtfully. For example, the San Diego MPO shows that the percentage of low-814 
income residents with access to rail and rapid transit increases from 11.8% in the base year to 41.1% in 815 
2050 as a result of the RTP, but it is unclear how those benefits are allocated within that population segment 816 
(SANDAG 2021b, H-39). 817 

5 Discussion 818 

Our analysis reveals a spectrum of the state-of-the-practice for RTP equity analyses by large MPOs. 819 
While some of the sampled MPOs are simply meeting Title VI requirements by mapping areas with 820 
concentrations of populations of concern and planned investments, most are using travel forecasting models 821 
to measure outcomes to evaluate equity. Many of the sampled MPOs used similar accessibility and mobility 822 
metrics, like average commute time, accessibility to jobs, etc. While use of the same metrics might generally 823 
make sense, certain contexts may necessitate the use of different metrics. For example, the Houston MPO 824 
uses metrics that show that the region's populations of concern, which are concentrated in the urban core, 825 
have greater access to jobs by car and transit compared to non- populations of concern. Without accounting 826 
for potential discrepancies in car ownership rates as well as how many jobs are truly accessible based on 827 
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differing characteristics between those populations, it is difficult to make conclusions about the RTP's 828 
impact on equity (Grengs 2012). 829 

Additionally, the use of modeling techniques varies across our sample. While every MPO in our 830 
sample has a travel forecasting model available, three did not use their models at all in their equity analyses. 831 
Five MPOs used aggregate trip-based models and the remaining three used their disaggregate activity-based 832 
models to perform their equity analysis. Despite differences in resources and approaches, we were able to 833 
identify ways in which MPOs, regardless of current practices, can advance their equity analyses towards 834 
the state-of-the-art equity analysis framework. 835 

The San Francisco and San Diego MPOs are practicing many of the components of the state-of-the-836 
art equity analysis framework, including evaluating equity results across different scenarios. However, 837 
neither MPO compares the distributions of benefits and harms within populations of concern. Rather they 838 
only calculate and analyze the means of the RTP outcomes across populations of concern. For example, the 839 
San Francisco MPO forecasts housing and transportation costs will decrease by 49% for households with 840 
low-income. However, how these cost savings are distributed across low-income households is not 841 
presented, making it unclear what proportion of low-income households will benefit or be negatively 842 
affected. In this way, they are under-utilizing their activity-based models in their equity analyses. By 843 
analyzing the distributions, they could evaluate not just how low-income households are affected compared 844 
to other households, but also how benefits are distributed across that population of concern. While none of 845 
the MPOs in our sample generated a state-of-the-art equity analysis, they all have clear ways to edge closer 846 
towards doing so. 847 

We agree with Martens and Golub that MPOs need to clearly state their RTP goals as they relate to 848 
equity. To support this, MPOs ought to define a fairness standard to inform how they interpret the results 849 
of their analysis (Bills 2022). Moreover, our study highlights the analysis techniques required by MPOs to 850 
clearly evaluate whether an MPO's plan meets its clearly defined equity goals, regardless of their software 851 
capabilities. 852 

Importantly, legal requirements and guidelines seem to influence equity analyses. The California 853 
MPOs in our sample are subject to stricter state guidelines than the other MPOs. As such, it is unsurprising 854 
that their analyses went above Title VI requirements. The fact that these three MPOs also represented the 855 
cutting edge within our sample indicates that stricter guidelines can influence the quality of equity analyses 856 
carried out by MPOs. This may be an especially important finding as the Biden administration reviews 857 
Executive Order 12898, a potential avenue to alter guidelines to improve equity analyses by MPOs.  858 

We recommend that federal transportation agencies modify or clarify the guidance in the 2012 FTA 859 
circular that currently requires MPOs to submit an analysis of the disparate impacts of their RTP on the 860 
basis of race, color, or national origin (Federal Transit Administration 2012). Specifically, we recommend 861 
a modification that requires each MPO to use a travel forecasting model to analyze the potential disparate 862 
impacts of their RTP on the basis of race, color, or national origin. Moreover, we recommend analyzing the 863 
following RTP outcomes with the travel forecasting model: accessibility to jobs and other 864 
opportunities/activities (e.g., healthcare and groceries). Given that MPOs already use travel forecasting 865 
models to assess their RTPs, adding an additional requirement that MPOs use the same travel forecasting 866 
model to perform an equity analysis should not represent a significant burden.  867 

This paper has several limitations. First, our analysis primarily evaluates accessibility metrics and is 868 
less focused on safety and health/emissions metrics. While this reflects the current focus of MPOs' equity 869 
analyses and travel forecasting models, clear goals and metrics regarding exposure to criteria pollutants, 870 
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risks from climate change, and traffic violence are critical components of an equitable transportation system 871 
plan. Based on our preliminary analysis, we believe MPOs should put more effort into measuring the equity 872 
implications of an RTP’s impacts on exposure to criteria pollutants. Regarding exposure to traffic violence 873 
and risks from climate change, while these are not our areas of expertise, it seems that more research is 874 
needed to connect long-term planning decisions with outcomes related to traffic violence and climate 875 
change impacts. One recent study, Guo et al. (2020), provides an integrated framework that considers 876 
accessibility, emissions, and safety in an integrated equity analysis.   877 

Second, as we have noted throughout this paper, any equity analysis has built-in assumptions that will 878 
impact the results and the fairness standard deployed will inform how those results are interpreted. This is 879 
particularly important as the outputs from travel forecasting models are influenced by their inputs, which 880 
often have various assumptions built into them.  881 

Third, our sample is limited to 11 MPOs in large metropolitan areas in the US. This limits the 882 
generalizability of our analysis to smaller MPOs and regions as well as inhibits our ability to identify 883 
important equity considerations in rural and less urban areas. While our analysis is limited to geographies 884 
within the US, researchers have evaluated the potential use of activity-based models to assess the impacts 885 
of various policy and project proposals in Europe, South America, and Asia (Martinez et al. 2015; Niu and 886 
Li 2019; Tomasiello et al. 2020) while governments in The Netherlands and Belgium have developed their 887 
own activity-based models (Arentze et al. 2000; Bellemans et al. 2010; Tajaddini et al. 2020). 888 
Understanding differences and relative strengths in how equity is analyzed via activity-based models in 889 
geographies outside the US is not addressed in our analysis but is a relevant line of inquiry for future 890 
research. 891 

 892 

 893 

Acknowledgements 894 

This research was supported by NSF CMMI# 2125560 "SCC-IRG Track 1: Revamping Regional 895 
Transportation Modeling and Planning to Address Unprecedented Community Needs during the Mobility 896 
Revolution." The authors remain solely responsible for the content of the manuscript.   897 



 

27 

Vita 898 

Maxwell Cabello is a doctoral student in the department of urban planning and public policy at the 899 
University of California, Irvine. 900 
 901 
Michael Hyland is an assistant professor of civil and environmental engineering (CEE) at the University 902 
of California, Irvine. He is also an affiliate of the Institute of Transportation Studies at UC Irvine. He 903 
received his PhD from Northwestern University and B.S. and M.Eng from Cornell University all in CEE 904 
with a focus on transportation systems. His research focuses on modeling and analysis techniques to support 905 
the planning, design, management, and operations of multi-modal transportation systems. Specifically, he 906 
focuses on emerging transportation innovations and their impacts on transportation systems.  907 
 908 
Nicholas J. Marantz is an associate professor of urban planning and public policy at the University of 909 
California, Irvine. He holds a JD from Harvard Law School and a PhD in Urban and Regional Planning 910 
from the Massachusetts Institute of Technology. His research focuses on the impacts of law, politics, and 911 
planning on housing affordability, environmental sustainability, and access to various kinds of resources 912 
and opportunities. 913 
  914 



 

28 

References 915 

ARC: The Atlanta Region's Plan. ARC. https://atlantaregional.org/the-atlanta-regions-plan/plans-916 
documents-and-resources/ (2020). Accessed 20 June 2022 917 

Arentze, T., Hofman, F., van Mourik, H., Timmermans, H.: ALBATROSS: Multiagent, Rule-Based Model 918 
of Activity Pattern Decisions. Transportation Research Record (2000). https://doi.org/10.3141/1706-919 
16 920 

Bellemans, T., Kochan, B., Janssens, D., Wets, G., Arentze, T., Timmermans, H.: Implementation 921 
Framework and Development Trajectory of FEATHERS Activity-Based Simulation Platform. 922 
Transportation Research Record (2010). https://doi.org/10.3141/2175-13 923 

Bills, T.: Advancing the practice of regional transportation equity analysis: A San Francisco bay area case 924 
study. Transportation (2022). https://doi.org/10.1007/s11116-022-10355-z 925 

Bills, T. S., Walker, J. L.: Looking beyond the mean for equity analysis: Examining distributional impacts 926 
of transportation improvements. Transport Policy (2017). 927 
https://doi.org/10.1016/j.tranpol.2016.08.003 928 

Bills, T.S., Sall, E.A., Walker, J.L.: Activity-Based Travel Models and Transportation Equity Analysis: 929 
Research Directions and Exploration of Model Performance. Transportation Research Record. 2320, 930 
18–27 (2012). https://doi.org/10.3141/2320-03  931 

Boyce, D.E., Williams, H.C.W.L.: Forecasting Urban Travel: Past, Present and Future. Edward Elgar 932 
Publishing (2015) 933 

Castiglione, J., Bradley, M., Gliebe, J.: Activity-Based Travel Demand Models: A Primer. Transportation 934 
Research Board, Washington, D.C. (2014) 935 

Castiglione, J., Hiatt, R., Chang, T., & Charlton, B.: Application of Travel Demand Microsimulation Model 936 
for Equity Analysis. Transportation Research Record (2006). 937 
https://doi.org/10.1177/0361198106197700105 938 

Ciommo, F.D., Shiftan, Y.: Transport equity analysis. Transport Reviews. 37, 139–151 (2017). 939 
https://doi.org/10.1080/01441647.2017.1278647  940 

CMAP: On to 2050. CMAP. https://www.cmap.illinois.gov/documents/10180/858578/FY19-941 
0022+EXECUTIVE+SUMMARY_LOWRES.pdf/5477e245-edb9-a434-0cd1-c14398b15285 942 
(2018a). Accessed 16 June 2022 943 

CMAP: Indicators Appendix. CMAP. 944 
https://www.cmap.illinois.gov/documents/10180/1439048/ON+TO+2050+Update+Indicators+Appe945 
ndix.pdf/ (2018b). Accessed 1 Feb 2023 946 

Dixit, M., Sivakumar, A.: Capturing the impact of individual characteristics on transport accessibility and 947 
equity analysis. Transportation Research Part D: Transport and Environment (2020). 948 
https://doi.org/10.1016/j.trd.2020.102473 949 

DVRPC: Connections 2050. DVRPC. https://www.dvrpc.org/Reports/21028.pdf (2021). Accessed 22 June 950 
2022 951 

Federal Transit Administration: Title VI Requirements and Guidelines for Federal Transit Administration 952 
Recipients. Federal Transit Administration. 953 
https://www.transit.dot.gov/sites/fta.dot.gov/files/docs/FTA_Title_VI_FINAL.pdf (2012). Accessed 954 
8 May 2022 955 



 

29 

Geurs, K. T., van Wee, B.: Accessibility evaluation of land-use and transport strategies: Review and 956 
research directions. Journal of Transport Geography (2004). 957 
https://doi.org/10.1016/j.jtrangeo.2003.10.005 958 

Golub, A., Martens, K.: Using principles of justice to assess the modal equity of regional transportation 959 
plans. Journal of Transport Geography (2014). https://doi.org/10.1016/j.jtrangeo.2014.07.014 960 

Grengs, J.: Equity and the Social Distribution of Job Accessibility in Detroit. Environment and Planning B: 961 
Planning and Design (2012). https://doi.org/10.1068/b36097 962 

Griffith, J. C.: Evolution of Metropolitan Planning Organizations (MPOs) into Multi-Functional Regional 963 
Roles. Iowa Law Review, 106(5), 2241–2280 (2021) 964 

Guo, Y., Chen, Z., Stuart, A., Li, X., Zhang, Y.: A systematic overview of transportation equity in terms of 965 
accessibility, traffic emissions, and safety outcomes: From conventional to emerging technologies. 966 
Transportation Research Interdisciplinary Perspectives. 4, 100091 (2020). 967 
https://doi.org/10.1016/j.trip.2020.100091  968 

Gurram, S., Stuart, A. L., Pinjari, A. R.: Agent-based modeling to estimate exposures to urban air pollution 969 
from transportation: Exposure disparities and impacts of high-resolution data. Computers, 970 
Environment and Urban Systems (2019). https://doi.org/10.1016/j.compenvurbsys.2019.01.002 971 

Handy, S.: Regional transportation planning in the US: An examination of changes in technical aspects of 972 
the planning process in response to changing goals. Transport Policy (2008). 973 
https://doi.org/10.1016/j.tranpol.2007.10.006 974 

HGAC: 2045 RTP. HGAC. http://2045rtp.com/documents/plan/2045-RTP-May-14.pdf (2019). Accessed 975 
17 June 2022 976 

Hyland, M., Ahmed, T.: Equity Implications of Robo-Taxis on Job Accessibility: Avoiding the Ecological 977 
Fallacy with Agent-Based Models. SSRN Electron. J. (2022). https://doi.org/10.2139/SSRN.4197068  978 

Kaddoura, I., Nagel, K.: Simultaneous internalization of traffic congestion and noise exposure costs. 979 
Transportation (2018). https://doi.org/10.1007/s11116-017-9776-0 980 

Karner, A.: Planning for transportation equity in small regions: Towards meaningful performance 981 
assessment. Transport Policy (2016). https://doi.org/10.1016/j.tranpol.2016.07.004 982 

Karner, A., Niemeier, D.: Civil rights guidance and equity analysis methods for regional transportation 983 
plans: A critical review of literature and practice. Journal of Transport Geography (2013). 984 
https://doi.org/10.1016/j.jtrangeo.2013.09.017 985 

Kramer, J., Carroll, A., Karimi, B., Bond, A., Lee, C.: MPO Staffing and Organizational Structures. Federal 986 
Highway Administration. (2017) 987 

Krapp, A., Barajas, J. M., Wennink, A.: Equity-Oriented Criteria for Project Prioritization in Regional 988 
Transportation Planning. Transportation Research Record (2021). 989 
https://doi.org/10.1177/03611981211001072 990 

Lempert, R., Syme, J., Mazur, G., Knopman, D., Ballard-Rosa, G., Lizon, K., Edochie, I.: Meeting Climate, 991 
Mobility, and Equity Goals in Transportation Planning Under Wide-Ranging Scenarios: A 992 
Demonstration of Robust Decision Making. J. Am. Plan. Assoc. 86, 311–323 (2020). 993 
https://doi.org/10.1080/01944363.2020.1727766  994 



 

30 

Levine, J., Grengs, J., Merlin, L.A.: From Mobility to Accessibility: Transforming Urban Transportation 995 
and Land-Use Planning. In: From Mobility to Accessibility. Cornell University Press (2019) 996 

Litman, T.: Evaluating Transportation Equity: Guidance For Incorporating Distributional Impacts in 997 
Transportation Planning, https://www.researchgate.net/profile/Todd-Litman-998 
2/publication/37183723_Evaluating_Transportation_Equity_Guidance_for_Incorporating_Distributi999 
onal_Impacts_in_Transportation_Planning/links/0046353cc456a5ad5a000000/Evaluating-1000 
Transportation-Equity-Guidance-for-Incorporating-Distributional-Impacts-in-Transportation-1001 
Planning.pdf , (2006)  1002 

Manaugh, K., Badami, M. G., El-Geneidy, A. M.: Integrating social equity into urban transportation 1003 
planning: A critical evaluation of equity objectives and measures in transportation plans in North 1004 
America. Transport Policy (2015). https://doi.org/10.1016/j.tranpol.2014.09.013 1005 

Martens, K., Golub, A.: A Fair Distribution of Accessibility: Interpreting Civil Rights Regulations for 1006 
Regional Transportation Plans. Journal of Planning Education and Research (2021). 1007 
https://doi.org/10.1177/0739456X18791014 1008 

Martens, K., Singer, M.E., Cohen-Zada, A.L.: Equity in Accessibility: Moving from Disparity to 1009 
Insufficiency Analyses. J. Am. Plan. Assoc. 88, 479–494 (2022). 1010 
https://doi.org/10.1080/01944363.2021.2016476  1011 

Martinez, L. M., Correia, G. H. A., Viegas, J. M.: An agent-based simulation model to assess the impacts 1012 
of introducing a shared-taxi system: An application to Lisbon (Portugal). Journal of Advanced 1013 
Transportation (2015). https://doi.org/10.1002/atr.1283 1014 

McNally, M., Rindt, C.: The Activity-Based Approach. In: Hensher, D. and Button, K. (eds.) Handbook on 1015 
Transport Modeling. pp. 55–73 (2007) 1016 

Merlin, L. A., Grengs, J., Levine, J.: From Mobility to Accessibility: Transforming Urban Transportation 1017 
and Land-Use Planning. Cornell University Press (2019) 1018 

Meyer de Freitas, L., Schuemperlin, O., Balac, M., Ciari, F.: Equity Effects of Congestion Charges: An 1019 
Exploratory Analysis with MATSim. Transportation Research Record (2017). 1020 
https://doi.org/10.3141/2670-10 1021 

MTC: Plan Bay Area 2050. MTC. https://mtc.ca.gov/sites/default/files/documents/2021-1022 
11/Plan_Bay_Area_2050_October_2021.pdf (2021a). Accessed 15 June 2022 1023 

MTC: Performance Report. MTC. 1024 
https://www.planbayarea.org/sites/default/files/documents/Plan_Bay_Area_2050_Performance_Rep1025 
ort_October_2021.pdf (2021b). Accessed 15 June 2022 1026 

NCTCOG: Mobility 2045. NCTCOG. https://www.nctcog.org/trans/plan/mtp/2045 - plandocument 1027 
(2018a). Accessed 17 June 2022 1028 

NCTCOG: Appendix B. Social Considerations. NCTCOG. https://www.nctcog.org/getmedia/8cbf6538-1029 
9df3-4266-9db6-53d4d9ab9f6c/B-Social-Considerations.pdf (2018b). Accessed 17 June 2022 1030 

Niu, F., Li, J.: An activity-based integrated land-use transport model for urban spatial distribution 1031 
simulation. Environment and Planning B: Urban Analytics and City Science (2019). 1032 
https://doi.org/10.1177/2399808317705658 1033 



 

31 

NJTPA: NJTPA Long Range Transportation Plan 2050. NJTPA. 1034 
https://www.njtpa.org/NJTPA/media/Documents/Planning/Plans-Guidance/Planning for 2050/final 1035 
pdfs/njtpa_plan2050_final2.pdf?ext=.pdf (2021). Accessed 22 June 2022 1036 

NYMTC: Moving Forward. NYMTC. https://www.nymtc.org/movingforward/the-complete-1037 
plan/index.html (2021). Accessed 22 June 2022 1038 

Pereira, R. H. M., Schwanen, T., Banister, D.: Distributive justice and equity in transportation. Transport 1039 
Reviews (2017). https://doi.org/10.1080/01441647.2016.1257660 1040 

Rowangould, D., Karner, A., London, J.: Identifying environmental justice communities for transportation 1041 
analysis. Transportation Research Part A (2016). https://doi.org/10.1016/j.tra.2016.04.002 1042 

SANDAG: San Diego Forward: The 2021 Regional Plan. SANDAG. https://www.sandag.org/regional-1043 
plan/2021-regional-plan/final-2021-regional-plan (2021a). Accessed 14 June 2022 1044 

SANDAG: Appendix H: Social Equity: Engagement and Analysis. SANDAG. https://www.sandag.org/-1045 
/media/SANDAG/Documents/PDF/regional-plan/2021-regional-plan/final-2021-regional-plan/2021-1046 
regional-plan-appendix-h-2021-05-01.pdf (2021b). Accessed 14 June 2022 1047 

SCAG: Connect SoCal. SCAG. https://scag.ca.gov/sites/main/files/file-attachments/0903fconnectsocal-1048 
plan_0.pdf?1606001176 (2020). Accessed 14 June 2022 1049 

Tajaddini, A., Rose, G., Kockelman, K. M., Vu, H. L.: Recent Progress in Activity-Based Travel Demand 1050 
Modeling: Rising Data and Applicability. In Models and Technologies for Smart, Sustainable and 1051 
Safe Transportation Systems. IntechOpen (2020). https://doi.org/10.5772/intechopen.93827 1052 

Tomasiello, D. B., Giannotti, M., Feitosa, F. F.: ACCESS: An agent-based model to explore job 1053 
accessibility inequalities. Computers, Environment and Urban Systems (2020). 1054 
https://doi.org/10.1016/j.compenvurbsys.2020.101462 1055 

TPB: Visualize 2045. TPB. https://visualize2045.org/plan-update/approved-2022-plan/ (2018a). Accessed 1056 
22 June 2022 1057 

TPB: Environmental Justice and Title VI Analysis of Visualize 2045. TPB. (2018b). Accessed 22 June 1058 
2022 1059 

Twaddell, H. & Zgoda, B.: Equity Analysis in Regional Transportation Planning Processes, Volume 1: 1060 
Guide. The National Academies Press (2020). https://doi.org/10.17226/25860 1061 

Williams, K.M., Golub, A.: Evaluating the distributional effects of regional transportation plans and 1062 
projects: final report. (2017) 1063 

Zheng, N., Waraich, R. A., Axhausen, K. W., Geroliminis, N.: A dynamic cordon pricing scheme 1064 
combining the Macroscopic Fundamental Diagram and an agent-based traffic model. Transportation 1065 
Research Part A: Policy and Practice (2012). https://doi.org/10.1016/j.tra.2012.05.006 1066 

Zhou, Q., Dai, D., Wang, Y., Fan, J.: Decade-Long Changes in Disparity and Distribution of Transit 1067 
Opportunity in Shenzhen China: A Transportation Equity Perspective. Journal of Advanced 1068 
Transportation. 2018, e7127342 (2018). https://doi.org/10.1155/2018/7127342 1069 

 1070 

 1071 

 1072 


