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SUMMARY

Local agencies must comply with environmental gestiegulation and as such, it
is important that they possess practical toolslémiify target populations and assess
impacts of projects, programs, and policies ondhmxpulations. There is a plethora of
methods that can be used to achieve both endhapdary among agencies.

The focus of environmental justice assessmerdftes at a project level. The
micro-level analysis of environmental justice initskihe evaluation of impacts from
policies (and projects also) on a regional levelcéssibility is a regional impact of
transportation improvements that cannot be evaduate project level. It is becoming
increasingly common practice that Metropolitan Rlag Organizations (MPO) assess
the accessibility of their region, but few incorat this benefit into the environmental
justice evaluation. This is a benefit that has iogtions for participation in society and
the lack of accessibility inevitably becomes a leurd

Through a review of literature on environmentatipes its history and its
implementation, one understands two major compananénvironmental justice are
ensuring procedural equity and outcome equityangportation improvements. Although
ensuring procedural equity through public involvernis consistently incorporated into
MPO transportation planning, approaches to qudividst assess outcome equity vary
widely. A basic framework can be adapted to coneplgtantitative analysis of
environmental justice outcomes. This frameworkudels: identifying the target
population and study area, determining the impactd,analyzing disproportionality.

There are a variety of methods to achieve eachesia ends. The study area can be
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delineated using polygon, centroid, or within as@yor through a mathematic
transformation. Determining the impacts dependtherimpact that is to be evaluated.
Disproportionality can be determined through a &uiomparison index or an area
comparison index.

The impact evaluated in this analysis is accedyibilhere is a plethora of
approaches to measuring accessibility. Conventioedhods including cumulative
opportunity and gravity models can be employed.ré@liealso the option for more
advanced methods such as space-time measure aedusing the random utility theory.
In all, these measures fall into a framework whbkeecomponents of transportation, land
use, individual preference and temporal constraars addressed at various levels by
taking either a spatial or category approach. Patial approach addresses infrastructure
and locations of destinations and the categoryagubr addresses the person and the
utility of the destination.

As mentioned previously, accessibility is becomangpncern for an increasing
number of MPOs in their planning process and sorR®©Blacross the country are
accounting for accessibility in their environmerjtetice analyses. Boston Region
Metropolitan Planning Organization, Mid-Ohio Regab®lanning Commission, National
Capital Regional Transportation Planning Board,tBeun California Association of
Governments, and Puget Sound Regional Council jiocate accessibility in quantitative
analyses for environmental justice. Based on avewf these MPOs, the literature and
the Atlanta Regional Commission’s environmentatipgscompliance procedures and
process for analyzing accessibility, an approach @eveloped to assess accessibility to

key facilities for various populations and appliedhe Atlanta Metropolitan region.
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This approach used the basic environmental jugtieatitative analysis
framework (identifying the target population anddst area, determining the impacts,
and analyzing disproportionality) and created spatatistical clusters of target
populations to identify the study area and popoilgtmeasured accessibility using
cumulative opportunity to determine the impacts andlyzed disproportionality using a
modified buffer comparison index. The results pdevan understanding of the location
of K-12, technical, and higher educational oppattes as well as libraries and parks and
how these locations are related to areas with tagitentrations of target populations.

The main contribution of this work is that is progs and demonstrates a general,
regional scale method to evaluate accessibiligcmomic and social opportunities and
services. Translating this work into a more gehesatext, the tools can be used to
identify environmental justice target populationghva regional scope to minimize
complications with disproportionality threshold$ii§ method also identifies areas with
high concentrations of target populations, pingogareas of overrepresentation of
target populations and estimating the distributbthese populations across the region,
which can provide more practical and useful infaiorathan a tract-by-tract
demographic profile.

Accessibility to destinations is a benefit of thensportation system and when
these destinations are also opportunities for sowhusion, accessibility becomes a
liberty that should be extended to all segmenth@®fpopulation. Disparate accessibility
is significant because it can be viewed as an iitelgje cumulative outcome of
transportation investments and therefore becomes@nonmental justice concern.

Alternative approaches for environmental justicgeasments of regional outcomes such



as accessibility provide opportunities for MPOg&in a greater understanding of the
regional impacts of transportation improvements/a as more accurately comply with
the spirit of environmental justice regulationseTdpproach was applied to conduct an
analysis of racial and ethnic minority access tocational and recreational facilities,
demonstrating inequitable access to parks in thenft Metro region. As a result, a more

comprehensive idea of accessibility for environrakjtstice populations was obtained.



CHAPTER 1

LITERATURE REVIEW

Environmental Justice History and Legislation

The environmental justice movement emerged in 188Prth Carolina. A
protest led by a small, predominately African-Armsari community in Warren County,
NC resulted in a federal investigation of the lamabf toxic waste landfills in the
southeast region. The consequent study conductétebynited States General
Accounting Office revealed that a disproportionatabh number of hazardous waste
facilities were sited in or near low-income and anity neighborhoods throughout the
Southeast. Subsequent studies found supportinig¢@uvens 2008). In 1994, President
Clinton signed Executive Order 12898, Federal Atgito Address Environmental
Justice in Minority Populations and Low-Income Plagions, which explicitly states that
all federally funded programs must develop poliéed programs to achieve
environmental justice. This executive order mandithe development of environmental
justice regulation in all federal agencies. Thesecples are applicable for all phases of
project development for any agency receiving felderals, whether the improvement is
federally funded or not.

Environmental justice is “the fair treatment andamiaegful involvement of all
people regardless of race, color, national origirncome” in relation to the
development, implementation, and enforcement aileggpns and policies (EPA
Website). The environmental justice Executive Oeféactively bridges two previous
regulations: Title VI of the 1964 Civil Rights Aathich focuses on nondiscrimination,
and the National Environmental Policy Act (NEPA}ieh focuses on protecting the
natural environment. NEPA also has social and hureguirements and the

memorandum sent to departments and agencies acogimgpahe Executive Order



specifically noted how NEPA requirements applie@noironmental justice, especially
though the community input process (Council on Eotwinental Quality 1997). The
Civil Rights Act and NEPA established the basisdovironmental justice and give
authority to the Executive Order.

After the Order was signed, the transportation camity outlined specific goals
and regulations in the Department of Transportafio@T) Order 5610.2 in 1997. The
Federal Highway Administration (FHWA) issued DOTd®@r 6640.23 in 1998, and the
FHWA and Federal Transit Administration (FTA) isdumemo in 1999, each of which
provided more specific details for regulating anohitoring transportation activities. The
catalog of guidance results in the FHWA and the ElBining environmental justice as
having three fundamental principles (FHWA Website):

1) To avoid, minimize, or mitigate disproportiongthigh and adverse human
health and environmental effects, including soarad economic effects, on minority
populations and low-income populations.

2) To ensure the full and fair participation by @tentially affected communities
in the transportation decision-making process.

3) To prevent the denial of, reduction in, or sfg@aint delay in the receipt of
benefits by minority and low-income populations.

These three principles account for disproportiohateens, inclusive
participation, and equitable receipt of benefitseJe three components reflect procedural
and outcome equity (Figure 1). Inclusive partidipatelates to procedural equity.
Incorporating input from various populations, esakythose with less political
influence, into the planning process addressesdliggimthe process or procedures. The
burdens and benefits are the results or outcompsoéss and subsequently the
transportation improvements. Procedural and outoeaoity will be discussed in more

detail later.



PROCEDURES
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Figure 1 lllustration of environmental justice definition for transportation in terms of procedural
and outcome equity

Although the USDOT Order and the FHWA and FTA memas/ided additional
guidance, a lack of explicit directives for statg@acies remains. The lack of explicit
directives does however provide agencies with sibexéility to implement
environmental justice policies most applicablett® &rea context. Still this does not
remove the oversight requirement from the regulgéigency. For state DOTS, the
FHWA and FTA monitor compliance with the EJ regigias. Typically, local agencies
align their EJ programs with the state DOT and iar&hat way, indirectly connected to
the FHWA and FTA. This connection, however, magy\depending on the location and
population size of a local community. For exampleural municipality with a
population of less than 10,000 may adopt theiedlddT’s environmental justice
policies. However, in metropolitan areas, the Medlitan Planning Organizations
(MPO) may lead most of the planning activities #mefefore become the primary point
of contact for the federal agencies (Amekudzi gt2412).

Ultimately, all agencies must comply with the feadeegulations of EJ and
oversight requirements of Title VI and NEPA. Eaglercy must provide a Title VI
compliance report annually. This report providesience of the activities that the
agency has taken to meet the requirements of itend EJ. Title VI compliance

reporting can often be combined with, or at leéighad with, NEPA compliance. The



NEPA process requires documentation of all plaretitgament processes undertaken by
an agency receiving federal funds; this includesmial impacts on both natural and
human resources and measures for mitigating supldts. Through the NEPA process
state and federal partners can review the impactsratigation measures for any federal
process and produce one of three types of docunmeefategorical Exclusion (CE), an
Environmental Assessment (EA) or an Environmemtgddct Statement (EIS).
Environmental justice efforts are reviewed for cdiamce as a part of the review of Title
VI and NEPA documents. In addition to documenteesd, the federal government can
assess the quality of an environmental justice namogat certification reviews for MPOs
and when auditing self-certification documentationstate and local agencies
(Amekudzi et al., 2012).

While each agency oversees compliance among tesata local agencies, the
Interagency Working Group on Environmental Justie& IWG) is a federal oversight
group. It was established under the Executive Qaddrthat has been instrumental in
previous environmental justice regulation developindhis group was reconvened in
the fall 2010 by the EPA and the White House CdwrtiEnvironmental Quality to
evaluate the performance of environmental justogate with the intent to revise,
improve and expand the environmental justice appbas. Some of their goals are to
promote “green jobs”, share best practices, anatifyeopportunities for improved
environmental justice (EPA Website). In the sumpofe2011, all federal agencies signed
a memorandum of understanding agreeing to reeeathair environmental justice
practices and revised and distribute environmegusaice strategies and implementation
reports. At the end of February 2012, all fedegaries released this information. The
USDOT strategy maintains the three goals outlimedipusly. The document provides
an overarching vision for environmental justicdiB8DOT and pulls heavily from the
1997 DOT Order. The new strategy continues to aflewibility to the operating

administration and their state agencies but stieasithe USDOT’s approach to



environmental justice for consistency throughoetirepartment. There is however, a
greater emphasis on reporting and accountabilityedsas the addition of high priority
program areas such as quality of transportatiolmogtor target populations, impacts
and benefits from commercial transportation, angaats from climate change (FHWA

Website).

Procedures

The three goals of the USDOT remain paramountemtw strategy. As
discussed previously, these goals can be seemesdures and outcomes. Transportation
planning must “ensure the full and fair participatby all potentially affected
communities in the transportation decision-makimgcpss” to comply with the
environmental justice executive order. Proceduyality addresses equity in the planning
process, which is evident in this goal. The primaay to produce equity in the decision-
making process is to incorporate all stakeholdespecially those who are marginalized,
into the process. Given the history of environmigutgtice and the failure to include
communities affected by transportation decisionis, important to incorporate public
involvement into the planning process to give a&dd those with less political power.
Public involvement is a vital component for envinmental justice and helps to produce
procedural equity. The needs, values and concérals effected populations must be
included in the process of planning, selecting, iamalementing changes in the
transportation system (Forkenbrock 2004).

Public involvement is the focus of many environnagpistice programs in
transportation (Forkenbrock 2004). This highligtits focus on procedural equity.
Inclusion of all parties in the process leads tmcpdural equity. Although procedural
equity influences the eventual outcomes, it doésaoessarily result in equitable
outcomes. This is exemplified in Arizona DOT’s pebee analysis of their EJ program

in 2002 (Jerome and Donahue 2002). Through bendngarADOT determined that



they were in compliance with the procedural compismef environmental justice
regulations and on par with peer agencies. Howdarjncome and minority
communities voiced concern over the quantity afigportation options available to them,
as well as potential negative impacts. ADOT's aecle effectively captures the need for
using both procedures and outcomes to determinefticacy of an EJ program.

Outcome equity can be determined through quaméatnalysis of distributive effects.

Outcomes

All transportation projects, plans and policiesufes some impacts. These
impacts have effects on the overall society and tiave effects that are distributed
across various populations of society. These ingpeen either result in benefits or
burdens for various segments of the populationtilkarian approach would seek to
provide the greatest good for the greatest podfdhe population, however, this
invariably means that some “lesser” portion wilt neceive the “good.” To provide the
greatest good for society, some members of sowaidityot experience those benefits and
may in fact experience a loss despite the net bsrief society. John Rawls’s “A Theory
of Justice” (1971) states,

“Each person possesses an inviolability foundeglistice that even the welfare
of the society as a whole cannot override. Forrgason justice denies that the loss of
freedom for some is made right by the greater gbaated by others. It does not allow
that the sacrifices imposed on a few are outweidgyeithe larger sum of advantages
enjoyed by many. Therefore in a just society therlies of equal citizenship are taken as
settled; the rights secured by justice are noteslip political bargaining or to the
calculus of social interest.”

Criticizing the very basis of utilitarianism, Rav@srgument underlines the
importance of identifying marginalized populaticarsd determining how they are

impacted by decisions for society. In a just sggieach member has equal right to the



total array of basic liberties available througbyatem that provides liberties for all.
According to Rawls, primary goods of rights ancliiies, powers and opportunities
should be equally afforded to all (Hart 1974). \RHRawls is generally vague in
describing rights and liberties, they include thsspulated in doctrines such as the Bill
of Rights (e.g. freedom of speech) and those agfbtd citizens by law (e.g. public
education). These liberties should be equally ibisted across society. Although it can
be philosophically debated whether the right tagportation is or is not one of these
presupposed liberties (Martens 2011), if transpiorias viewed as a means for social
inclusion rather than an end, the case can moaelglee made that transportation should
be viewed as a one of these liberties. This casgde later. The impacts of
transportation decisions invariably affect socieya whole. These impacts have the
ability to affect different segments of societyfrrious extents. These impacts must be
evaluated for their distributive effects on targepulations.

Quantitative analysis of environmental justice oates evaluates the distribution
of impacts across the population, especially adtussarget populations. The analysis
requires the measurement of distributive effectstrDutive effects are quantifiable
results that have differing effects across differeembers of the population (Forkenbock
2004). Effects are distributed spatially, temporadind also across social groups
(Forkenbock 2004).

These effects comprise both the burdens and berlefit result from
transportation projects. In previous environmejustice practices, burdens became the
primary focus of environmental justice assessméggative effects of air pollution and
traffic are easily quantifiable, while benefits Buas economic development are generally
less tangible. Common practice focuses on theligton of burdens; however, these
should be weighed against the benefits of projgssnbridge 2002). For example, a new
road may contribute to noise pollution but it mdgoanduce development for the area

and provide more jobs for those living in the conmitys In addition, the distribution of



those burdens and benefits must be evaluated Xaonme, a roadway may be
constructed that provides access to an affluentwamity but not lower-income
communities; however, lower-income communities wiill pay for the road via taxes.
The same is true vice versa. Therefore, it is resrgg0 assess the net distributive effect,
and do so cumulatively. Finally, benefits shoukbabe equally equitably distributed
across the entire population. For example, thetiaddof a light rail line may increase
accessibility for the northern part of a county wilt have little or no effect on the
southern part. The nature of projects is suchtti&t impacts can be inequitable.
However, the cumulative impact of projects mustibemed equitable by various
stakeholders making it necessary for the systene-aidl cumulative impacts of projects
to be monitored and the results fed into decisiaking to ensure equity is achieved in
the long run.

The effects are in essence the outcomes of tratasipor projects. It is important
that outcomes are not solely examined in aggrdgates but are evaluated based on their
impact on particular populations (Cambridge 2008)s disaggregate review allows the

determination of distributive impacts.

Quantitative Analysis of Environmental Justice Outomes

Based on the literature and case study reviewsisied later, environmental
justice assessments can be broken into three stepdification of the population and
study area that will be impacted, determinatiothefimpacts resulting from the
transportation improvement, and an analysis ofitegibution of impacts for

disproportionality (Figure 2). This procedure isiakly applied to projects.



Analyze
Disproportionality

Define Population .
P Determine Impacts

& Study Area

Figure 2 Framework for quantitative analysis of enwronmental justice outcomes

Defining the Population

A pivotal component in analyzing environmental icstimpacts of projects, plans
and programs is delineating between who will besaered the target population and
who will be considered the reference populatiornteDrining the impacted population is
also a vital component that is discussed in motaildehen defining the study area.

Executive Order 12898 characterizes target pouatas minority and low-
income populations. The FHWA and FTA further defmimority to include: Black,
Hispanic, Asian, American Indian and Alaskan Nataed most recently Native
Hawaiian or Other Pacific Islander. Low-income &ided as a household at or below
the Department of Health and Human Services powgriggelines. Given these
definitions, target populations are “any readilgntifiable group” of minority or low-
income persons either living in geographic proxynait geographically dispersed
(USDOT 1997). The consequence of defining targputagions in this way is that
impacts can have adverse effects on target popntagven when they are not physically
concentrated together. For example, a large cityheare a low percentage of low-
income households while a small town has a highgrgage of low-income households.
It is still possible for there to be more low-incefdnouseholds in the large city than the
small town despite the high concentration of loweime households in the small town.
Because of this, thresholds, which are often usgutactice, may not adequately capture
populations that are not concentrated in geogrgmiaiximity. Additionally, FHWA
underscores the emphasis on disproportionately dudgkrse effects and not the size of

the target population affected. “A very small mitypor low-income population in the



project, study, or planning area does not elimitiaepossibility of a disproportionately
high and adverse effect on these populations... Bnmental Justice determinations are
made based on effects, not population size. ihgortant to consider the comparative
impact of an action among different population gr®@UJSDOT 1999).”

Definitions of race, ethnicity, and low-income daamfound not only on the
federal level, but many MPOs and state agencies Ao adopted clear verbiage to
identify target populations. Subtle differencesnmsn definitions at a local level and
those at the federal level can complicate environtaigustice analysis. In addition,
access to the necessary demographic data or laotihcan complicate defining
populations as prescribed. For example, FHWA requénts define low income as
households at or below the poverty line; however,Eensus Bureau reports the number
of households below the poverty line and groupsehat the poverty line with
households above the poverty line (Hartell 2007e Tensus also only provides income
information to the block group level. Further coroations are presented in evaluating
households of multiple races and/or ethnicities guidelines for counting these
individuals and households differ based on jurisalic If all races and/or ethnicities are
not counted, as in past censuses, there is a pibgsiat racial groups can be
undercounted (Hartell 2007).

Data complications can arise when different datacas are used to assign
definitions to a population. Data used to detegnifra population can be categorized as
disadvantaged can be drawn from sources such &$3@&ensus Bureau or local or
county tax authorities. Census data is most afsgd. However, with this, there are
resolution concerns. Household travel surveysyigtbased models and
microsimulations can reduce some data needs,niréaiucing the pressure on Census
data (Duthie 2007).

It is also important to note that target populatiogfer to two groups, minority

and low income and these groups “should not pneswely be combined (Cambridge
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2002).” Although the elderly, disabled and chilgpptation groups are not explicitly
addressed in the environmental justice regulatitihvese populations are also often
considered in practice (FHWA Website). These gsoane defined as target groups in
the 2004 Executive Order 13330: Human Service ramation Coordination and are
included in FHWA policy (Cambridge 2002).

Defining target populations is a complex step agiihthg the reference
population can also be a challenge. There is rarlgleefined procedure for determining
a reference population. The reference populatonrange from an aggregation of
residents in all affected census units to a limgegulation of the census units contained
within the affected area (Most 2004). Other deteamts such as Metropolitan Planning
Organization jurisdiction or tax service distrietncbe used to define a reference
population as well (Hartell 2007). The definitiohtbe reference population has great
implications for the analysis as the impacts onténget population will be compared to
the impacts on this reference population. The esfeg population is tied to the study

area that is defined. Defining the study areassuBsed in greater detail later.

Scale of analysis

The geographic unit of analysis can have a subatamipact on the results of
environmental justice assessments. Impacts andada@ms can be viewed at a
geopolitical level such as the county, city or idigrhood, or Census divisions such as
tract, block group or block levels or at other gapdpic units such as traffic analysis
zones. An impact can be evaluated on some targedgiton at various geographic units
with dramatically different results. This is evidexl in studies evaluating the correlation
between the siting of hazardous facilities anddapgppulations. While some such studies
have found negative correlation between the lonatichazardous facilities and minority
populations, others found a positive correlationisTcontradiction is likely because of

the geographic unit used in each evaluation. Aysimnd\llegheny County, PA found that
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by altering the unit of analysis, the correlati@tveen location of facilities and minority
population changed. Using Census block groupsstimy found that the proportion of
minorities around hazardous facilities was lowamntithe proportion of minorities in
other communities. However, the proportion of mities within a half-mile radius of the
sites is larger than those outside this area (Mga2(02).

Census data, and most other demographic data dbascount for densities
within the unit of analysis. Instead they imposmatinuous artificial spatial distribution
of information across a geographic area and irceffgeoduce artificial spatial patterns.
This is known as the Modifiable Areal Unit Probl¢dAUP). The aggregation of data
reduces the reliability of results (Maantay 200Bgcause of the aggregation of data, the
MAUP hinders acquiring accurate spatial represematof data (Duthie 2007). This
artificial distribution leads to varying resultsditferent levels of geographic units. The
aggregation of data hinders high resolution apptioa and renders evaluations of
impacts at aggregated levels almost meaninglessibe®f the variation of
demographics in the larger units of analysis. Ailsimissue arises in applying statistical
correlations across varying scales of resolutiom¢Rudzi and Dixon 2001).

The ideal unit of analysis is small enough to confairly homogenous
population demographics (Forkenbock 1997). Censwgsst provide a group with similar
demographic and socioeconomic characteristics, heryéney still contain
approximately 3,000 people and maybe spatiallyelafgne Census block group and
Census block are therefore the most attractiveonptihowever, less data is available at

these higher resolutions (Forkenbock 1997).

Defining the Study Area

In defining the study area, the reference poputasalso defined. As mentioned
previously, there are a variety of options for teéference population. The reference

population can refer to the total population in $h@dy area or have a larger breath and
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refer to state or regional areas. It is importarreimember when defining the study area
that this is not solely about the geographic bowifdke impacts but also about
determining the impacted population.

The general methodology for defining a study assames that the
environmental justice assessment is conductedpoaject level. Potential impacts are
estimated and the bounds of these impacts aretasefibrm the study area delineation.
The bounds of the impacts may produce a buffer san®unding the project that can be
estimated at a set distance (Hartell 2007). Cetnaats or other geographic units around
the physical transportation project area are ifiedtand analyzed for impacts. This is a
straightforward method for considering impacts lasy from physical transportation
improvements; however, it presents problems forspartation policies that have no
geographic reference or environmental justice ing#mat are not constrained to physical
bounds.

Additional complications lie in the spatial disuiion of Census data and the
MAUP. Aggregation of information into low resolati census blocks or block groups
forces demographic information such as race amahmecto be blanketed across an area,
neglecting the true demographic distribution ofdinea. Compounding this, community
and neighborhood boundaries are not likely contigueith Census units. Therefore,
when analyzing impacts within a community or neigitiimod, the manipulation of data
can lead to additional misrepresentations (Ha2@ll7). Also, defining a single study
area assumes the entire population within the giwen is affected equally and that the
population outside of that area is not affectedaf@aborty 2006).

Current methods to define the study area for enmental justice assessments
grapple with these issues. These methods varpmailice a range of results. Judgment
must be used to decide the most effective proaess given case with the goal of

ensuring equity outcomes for the target populationgacted. Four methods to define the
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study area are polygon, within, centroid, areanodlation and cross-area

transformation.

Buffer Zone

As mentioned previously, a buffer zone may be @elied first. This is a zone
within a specified distance from the transportapooject for which the analysis is being
conducted. The buffer zone(s) represents the askarea that will experience actual
effects (Hartell 2007). Multiple buffers at vargidistances from the project can be
established to examine the differential of potdmféects at varying distances (Hartell
2007). However, because the buffer zone is defitedconstant distance surrounding the
project, it is unlikely that Census tracts or othexdefined geographic units will

correspond exactly. The four methods outlined ipresty address this issue.

Polygon Analysis

Polygon Analysis can also be referred to as Adjegémalysis. Itis
methodologically simple. In this analysis, all cessinits within or intersected by the
project (or the buffer of the project) are includddespite the ease of determining the
study area in this methodology, it may extend thdysarea far beyond the bounds of the
buffer and the methodology also has the possilmlitgxcluding areas close to the buffer
(Hartell 2007). Figure 3 depicts the principlgootygon analysis. Note that block groups
directly to the south of the project area have eeatuded when the buffer is 500 feet or

less, however, the large block group to the soushvgencluded in the analysis.
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Figure 3 Polygon Analysis showing how some area®osk to the project can be neglected while those
farther away from the project are included (Source:Hartell 2007)

Within Analysis

Within Analysis requires a similar effort levelttwe Polygon Analysis. In this
method, only census units contained entirely withmbuffer are analyzed (Most 2004).
This leads to obvious disadvantages. Censusiannithich a majority of the population
lives within the buffer may be excluded if a pontiof the unit is outside the limits of the
buffer. Figure 4 depicts the principle of Withimalysis. Note that using smaller buffers
excludes many of the surrounding census unitso,Alases like Figure 4 show that if the

units are not completely contained in the buffeeytwill not be included in the analysis.
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Figure 4 Within Analysis illustrated with different buffers showing that smaller buffers would
exclude several of the surrounding census units (8e: Hartell 2007)

Centroid Analysis

Centroid Analysis has similar drawbacks to Withinadysis. In this method, it is
assumed that the population is concentrated atehtoid of the census unit and census
units are included in the study area if the geoimegntroid of the unit is within the
buffer area. Like Within Analysis, it is possibtedéxclude populations that are actually
within the buffer and yet have centroids outsidelthffer (Hartell 2007). In addition, it
is possible for this method to exclude areas dirextjacent to the project. Figure 5
depicts the principle of centroid analysis. Note lfock groups surrounding to the

eastern end of the project corridor that are nduiged in the 500-foot buffer.
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Figure 5 Centroid Analysis depicting units that areincluded in the study area have their geometric
centroid falling within the buffer area (Hartell 2007)

Mathematical Transformations

Mathematic transformations overcome the limitatiohthe previous methods by
including partial geographic units (Chakraborty @0Blost 2004). These methods
apportion demographic information to fractions efsus units, imposing assumptions
about the spatial distribution of the populatiorthivi census units in order to create a
demographic profile for the defined buffer zonee3é techniques, also referred to as
Buffer Containment by Chakraborty (2006), rely ba assumption that demographics
are evenly distributed across the census unit. Methods of mathematical

transformation are Areal Interpolation and Crossaarransformation.

Areal Interpolation

Areal interpolation assigns a percentage of thersetcted census unit’s

population to the buffer zone. This percentagejiswalent to the percentage of area of
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the census unit within the buffer zone. The demplgies of that assigned population

mirror the demographics of the entire census st (2004) provides the following

)

P = total population inferred through the interpiola

formula:

P= i P + i [P; (Aﬂ

i=( F=0 g ’1‘.!’

where:

n = number of census units contained entirely withie buffer
Pi = population of intact census unit

m = partial census units

Pj = population corresponding to partial census uni

Aje = the partial area of truncated census unit

Aj = the total area of the truncated census unit

Cross-Area Transformation

Cross-area transformation ascribes demographicsation from the census
units fully contained within the buffer to the paltunits. The census units fully within
the buffer zone are referred to as the source Zomss-area transformation determines
the percentage of the buffer zone that is the somwae. The remaining area of the buffer
zone, the target zone, is the area of the pasiaus units within the buffer zone. Cross-
area transformation assigns the demographic infitomaf the source zone to the target
zone based on the area of each partial unit wittérbuffer. Cross-area transformation
calculates the percentage of the buffer zone the partial census unit occupies and
based on this percentage, a population is estinsatédlemographics from the source

zone are applied. This assumes that the demogragibimation of the census units
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within the buffer adequately reflect the charastass of the population within the buffer

zone (Most 2004). Most (2004) provides the follogvformula:
fi .u.f .c‘l
P=) P+ ) |Pa|=E

where:

P = total population inferred through the interpiolia

n = number of census units contained entirely withe buffer
Pi = population of intact census unit

m = those partial census units

Pix = total population of buffer zone based on sewones
Aje = the partial area of truncated census unit

Aj = the total area of the truncated geographic.uni

Table 1 summarizes the advantages and disadvargatiesafore-mentioned

methods for determining the study area.
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Table 1: Summary of Methods for Determining Study Aea

Method Advantages Disadvantages
Polygon e Clear and simple » Disregards distance
method decay because it may

extend far beyond
the bounds of the
project buffer
» Has the possibility of

excluding areas close
to the buffer

Within » Clear and simple » Populations within

method buffer may be

excluded if census
unit is not fully
contained within

buffer
Centroid * Less likely to * Itis possible to
include populations exclude areas
in Census units tha adjacent to the buffer

extend far beyond or populations that

the buffer are within the buffer
depending on
location of centroid
Mathematical » Translate * May neglect areas of
Transformations demographic high concentration
information to an outside of buffer
area within the (minimized when
buffer zone small geographic

units are used)

Determine Impacts

The outcomes of transportation projects, programpplicies provide benefits
and may result in burdens to the general populafisrone can imagine, there is a
plethora of possible impacts from these benefitskamrdens. Natural environmental
concerns such as air quality and noise pollutiopaiats are often evaluated by
transportation agencies for environmental justgseasments. Transportation user effects

such as increases or reductions in service or @sangsafety are also important
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indicators of environmental justice (Forkenbrock2p One such transportation user
effect is accessibility. Accessibility is becomimgre widely recognized as a critical
issue with the sprawling, automobile-centric depetent of the American metropolitan
areas and suburbs (Kawabata 2007). Accessibilityitical services, jobs, schools, and
other daily necessities are basic needs. Acceasgitailparks, libraries and cultural
institutions allow populations to participate ircedy. These destinations can be viewed
as opportunities for social inclusion. Drawing ugba DOT Order and Rawls’s theory of
justice, all segments of the population should heygéitable access to these
opportunities. Access to these opportunities isreehit of transportation but social
inclusion can be seen as a liberty or primary gttad.this access that the transportation
system provides. Disparate accessibility to sudhtinigions across various portions of
the general population is therefore an importanteon and can be viewed as an
inequitable outcome of cumulative transportatiorestments.

Social Inclusion is a term frequently used andistlith the United Kingdom;
however, it is not often used in North America (Bs@004, Solomon and Titheridge
2009). In a comparative study of seven nationgyiedy (2003) for the Fédération
Internationale de I’Automobile (FIA Foundation) neathe clear link between social
inclusion and environmental justice in the Unitedt&s. Transportation policies that
enable prohibitive costs of transportation, rel@oa automobiles, or neglect cumulative
effects restrict social inclusion for some segmeffithe population, namely those that
cannot afford high transportation costs. A recéud\s showed that state transportation
agencies in the U.S. have focused more on the bsitth@n benefits of transportation
investments in addressing environmental justiceraast do not address cumulative
impacts (Amekudzi et al., 2012). Environmentatigespolicies in transportation have
the goal to “prevent the denial of, reduction insignificant delay in the receipt of
benefits by minority and low-income populations Q3T 1997).” One such benefit is

accessibility and the access to opportunitiesahaitv social inclusion.
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Social inclusion coincides with mobility, the abjlto physically be mobile and
access destinations (Litman 2003). This mobilitiaislitated through an accessible
transportation system. A household may not haw ard hence may have limited
mobility. If they live within walking distance frowork, school, and a grocery store,
however, they have a high level of accessibilitytHis way, accessibility is a limiting
factor in social inclusion. Reduced accessibilggults in a reduced ability to reach
destinations that provide opportunities to partitgpin society. This reduced participation
can then also translate into a denial of liberties.

In addition to social impacts, the differencesdnessibility can have economic
and political repercussions (Bohon 2008). Not aslgiccessibility necessary for social
inclusion, but it also has economic impacts onvaldial households. Urban economists
use accessibility as a prime determinate for ptgpedues and utility (Sanchez 1998). It
has also been argued that jobs in low-income contiearare low-paying low-skill jobs
with limited opportunities for upward advancemedolion 2008) and limited
accessibility makes these jobs the primary optayrrésidents in these communities,
making them captive workers in dead-end jobs. lations for participating in the
political process, including public meetings regdiby environmental justice policies,
Title VI, and NEPA can also result from reducedessibility.

The accessibility difference between automobiles @ublic transit is especially
relevant to environmental justice as a large pdpmaof the transit captive population is
low income and many are minority. To determine tlbe/target population in the study
area is impacted, the distributive effects musfjlentitatively measured. The following

is a discussion on measuring accessibility.

Accessibility

Accessibility is an extremely broad topic and hagde range of applications. In

general, accessibility can be understood as thertppty to reach goods, services and
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other destinations. However, the definition for ten “accessibility” varies across
different disciplines. Roadway engineering viewsess as the physical connection to
adjacent properties through intersections and days. Facility design refers to
accessible design as that which accommodates wghrdisabilities. In transportation
planning, accessibility refers to ease with whielogle can reach a desired destination.
This ease is a function of the transportation sysied the land use patterns; the location
of destinations and the transportation networklalsg to reach these destinations
determines the accessibility of an area (Litmanl120th the same way that accessibility
has numerous applications and definitions, itsthrakso leads to numerous methods to
measure accessibility. Even when confining the tstdading of accessibility to the ease
of reaching goods and services, there is stilli® €1 methods that can be applied to
determine accessibility. A commonality in methodsdito measure accessibility is that
they account for “opportunities.” These are thedg) services, activities and
destinations that people seek to reach (Litman RMHdwever, the level of sophistication

varies among methods.

Measuring Accessibility

Conventional Methods

Accessibility has conventionally been measuredgugiavity models. The gravity
model is adapted from Isaac Newton’s Law of Grdiita The premise is that attraction
is proportional to the mass of two objects andiisgky proportional to the distance
between the two objects. In applying the Law ofv@edion to accessibility, the “mass”
can be translated into the trip production (orittjaction(destination) of a location. The
“distance” can be translated literally or it coblel applied as travel costs, travel time or

some other generalized cost. In this way, the ‘itgHion” or accessibility between two
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locations can be given as a function of productiod attraction between two locations

over the generalized cost to travel between them.

f ('PEJA_J')
f(ci}'j

By constraining only the attraction to zgnand assuming productions from any

Gravitation =

and all zones, the equation becomes less of atgtiavi between two locations and
becomes more of a measure of attractiveness afamefrom all other zones. This can
be represented by:

A}-
Attractiveness = —
€ij

As distance (cost, time) between two locations bexoincreasingly small, a
simple measure of distance will cause the equati@pproach infinity. The generalized

cost function therefore is conventionally takeraasexponential function of the cost.

}1}-. = _q}_e-.ﬁ‘cij

ePeij

Attractiveness =

wherep is a cost sensitivity parameter (Geurs 2004, Nedrie and Associates
2004). Accessibility can be measured as the tttt@dciveness for all locations within
zone j. If the relative attractiveness of a zoneéasured by the number of opportunities
(so that ais an opportunity in zong,

Accessibilty = Acc = Ea}.e_'gcii

This is the standard form of the gravity modelrfweasuring accessibility. A basic
version of the gravity model is cumulative oppoityinCumulative opportunity is a
summation of attractions within an area constraimedome generalized cost.
Cumulative opportunity, however, does not incorpmthis cost into the measure of
accessibility. It assumes that all opportunitiethimi the zone have the same
attractiveness. Rather than using the impedanczifum cumulative opportunity uses a

simple weighting factorW)) in:
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Acc = FWa;

The weighting factor is either 1 if an attractisnwithin the cost limit or O if it is
outside the cost limit. Using the equation abotws, clear that this will result in the total
of opportunities in zone j. This provides no weighattractiveness for each destination
based on the generalized cost. The general gnanitlel accounts for the generalized
costs through the negative exponential functiothefequation, otherwise referred to as
the impedance function. The impedance functioménform of the negative exponential
not only addresses issues with very close locatiomglso associates well with travel
behavior (Geurs 2004).

The result of the gravity model is a summation estthations weighted based on
some form of generalized cost. Still, the gravitydal provides a simplified method for
measuring accessibility. Both the gravity model anthulative opportunity follow the
conventional mindset based on spatial logic. Thisdset views accessibility as an
attribute of places rather than of people (Kwan feber 2003). The gravity model
accounts for the opportunities that are availabliaé user but neglect factors such as
individual preferences or temporal conditions (Den@l. 2006). It also excludes the
effects of competition amongst opportunities. ldiadn, conventional methods may also
be less accurate if they account for Euclidearadis rather than distance constrained to
the existing transportation network.

Another major drawback of conventional method$észonal focus. Intrazonal
trips are often excluded from conventional methofdsieasure. This causes walking and
cycling trips to be neglected in accessibility meas. Modifications can be made to
account for intrazonal trips. Impedance functioas be customized to reflect trips using
different modes, including walking and cycling. $kwas done by lacono et al. (2010) for
the Minneapolis metropolitan region. In this studypedance functions were customized
based on mode and trip purpose (i.e. work, shopgittipol, restaurant and recreation)

using historic trip data and the location of atii@ts. However, despite the ability to
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measure accessibility by one specified mode, caiwead methods do not account for

the multi-modal nature of actual travel.

Advanced Methods

Conventional methods for measuring accessibilitjadibaccount for individual
differences, even when disaggregate level datagd (Kwan and Weber 2003). In
addition, even when accessibility is measured abua scales (e.g. local, regional, state)
reconciling the results into an aggregate measwerly complex, if even possible.
Measures that account for individual preferencesiaore sophisticated than the gravity
model allowing accessibility to be measured onnalividual level. They are more able to
represent complex human spatial behaviors anddfo@laurban environment.
Conventional methods also neglect temporal considers. They do not account for
scheduling of events, traffic congestion, changedsansit schedules or patterns of
business hours (Kwan and Weber 2003). Space-tinasunes on the other hand, are
based on personal and social constraints and tpkesan-based perspective. These
measures account for individual preferences angaeah conditions. Furthermore,
MAUP is not a problem with space-time measuret@wtay that it is with aggregate
measures because the measures have little toatmnefo distinct geographic scales
(Kwan and Weber 2003, Neutens 2010).

Other advanced methods include models based aty thigory. The utility
derived from a destination guides this approackewer, it is not possible to know with
certainty what this utility will be. Using randontility theory, an accessibility measure
can employ multinomial logit models to capture indual preference (Dong 2006).
Activity-based accessibility builds upon randomnitytiand incorporates the range of
activities pursued throughout the day, the schediulese activities and accounts for
trip-chaining by using a day activity schedule todal the all trips that an individual
takes in a day (Dong 2006).
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There is an increasing number of measures thatggda more comprehensive
understanding of accessibility, accounting for maudivities schedule and individual
choices. As distance becomes less of an indicatadcessibility (Kwan and Weber

2003), more advanced methods are necessary to raeasu

Components and Perspectives of Accessibility Messur

Accessibility can generally be viewed as a meastipeople or a measure of
places (Halden 2005). A categorical approach ifleatwith the travel patterns,
preferences and needs particular social grouppa#ias approach relates to the
characteristics of transportation use in variousegal areas. Further distinguishing
accessibility measures, theoretically, there ane f@mponents of accessibility that
should be addressed when measuring accessilditg:lise, transportation system,
temporal conditions, and individual preferencesuiG2004). The land-use component
depicts the spatial distribution of opportunitiesi alestinations, the demand for these
opportunities and the competition between the dastins. The transportation
component reflects the generalized transportatistscexperienced between an origin
and destination using a specific mode. The tempmmadponent describes the time
sensitivity of opportunities and their availabilityroughout the day. The individual
component depicts the needs and abilities thatentte travel. Each of these components
should ideally be accounted for in accessibilityaswees however, application of all
would be very complex and impractical. Accessipifiteasures in practice generally
address one or more of these components base@ pertspective that is taken.

Four basic perspectives were identified by Ge2@94): infrastructure-based,
location-based, person-based and utility-basednfastructure-based perspective to
accessibility focuses on the potential mobilitytlod system, the level of service of the
transportation network. A location-based perspeatieasures accessibility based on the

spatial distribution of opportunities, generally@mmacro-level. A person-based
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perspective accounts for an individual’s time bud@gad schedule. Lastly, a utility-based
perspective approaches accessibility from the lisrteéht are derived from the
opportunities.

Viewing accessibility as an attribute of place®tlyh an infrastructure- or
location-based perspective can be considered mbgpproach. This approach can be
useful in analyzing travel behavior based on thaniform of an area (Halden 2005).
However, activity patterns vary between social geoand even within geographic
boundaries. A category approach views accesyibifitan attribute of people through a
person-based perspective. This approach helpsatgzanselect social groups within an
area-based framework (Kwan and Weber 2003). Howeweeral groups differ from
location to location. Halden (2005) suggests usimgmbination of the two approaches
to assess accessibility. Approaching accessitibith spatially and categorically can
address multiple components by measuring accessilsling various perspectives.
Table 2 categorizes the accessibility measuregitdesdnto their corresponding
perspectives. The conventional cumulative oppotywsmd gravity methods take a
location-based approach and incorporate land-ugéransportation components.
Individual measures like space-time have a persmed perspective and account for
both temporal and individual components of accdggibRandom utility theory models
obviously have a utility-based perspective and actéor transportation, land use and
individual components. Activity-based models usiagdom utility also account for the
temporal component. Advanced methods are continbaihg developed and modified
that view accessibility through different lensed account for temporal conditions and

individual preferences.

28



Table 2: Summary of Accessibility Measures

Method Perspective Description Advantages Disadvaates
Cumulative Infrastructure- A =ZWg - Meets - Does not accoun
Opportunity Based where: transportation for land use
Location-Based | Aj = Accessibility | system criteria patterns, temporal
of zone | - Easily computed constrains or
W; = weighting and interpreted | individual needs
factor - Neglects costs

g = attractions in
Zone j

and power of
attraction

- Highly
susceptible to the
weighting factor
chosen

Gravity Model

Infrastructure-
Based

Location-Based

AJZEQKQD
where:
Ai:

Accessibility of

- Meets both
transportation and
land use criteria

- Useful for area-

- Does not accoun
for temporal
constraints or
individual needs

zone j based, aggregate| - Excludes
g = attractions in | analysis of social | competition
Zone j groups effects
Cj = generalized - Analysis at
cost different scales
(i.e. local,
regional) cannot
be combined
Space-Time Person-Based - Generally megetPata intensive
all criteria - Require complex
- Frameless algorithms and
(MAUP not GIS expertise
applicable) - Difficult to
aggregate for
evaluation of
groups
Random Utility Utility-Based A= 1 In(ZeW) - Meets both - Does not accoun
4 transportation and for temporal
where: land use criteria | constraints
A= and also - Complex math
Accessibility of | ingividual needs | required
Z0ne | - Can capture all
A =scale modes
parameter
V = systematic
composition of
utility
Activity-Based Utility-Based - Meets temporal - Complex math

constraints
- Takes trip
chaining into

account

required
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Analyzing Disproportionality

The final component of quantitative analysis ofiemvmental justice outcomes is
evaluating the effect for comparative differencesaeen target populations and
reference populations. After the target populatiod study area are identified and the
impact upon this population is determined, in ttdase, the level of accessibility, the level
of accessibility (or other impact) must be evalddiased on the population it affects in
proportion to the general reference populationidRat method indices and methods
using fixed proportions and thresholds may be tiges$sess disproportionality.

Proportional indices are referred to as rationahes by Hartell (2007). Two of
these rational methods are the Buffer Comparisdexr{BCI) and the Area Comparison
Index (ACI). The BCI measures whether the poputatuithin the impacted study area
has an overrepresentation of the target populaticomparison to a larger geographic

region (Chakraborty 2006). The following ratiorafios is used to determine this:

5c1 Target population in study area /Total target population in reference area
" Unprotected population in study area /Total unprotected population in reference area

The Area Comparison Index (ACI) is similar and aissts for overrepresentation
in the study area; however it uses two mutuallyesiee groups. This method compares
the population within the study area to the popatahot within the study area

(Chakraborty 2006). The following ratio of ratissused to determine this:

Target population in study area/Total population in study area

ACT =
Target population outside study area,/Total population outside study area

For both indices, if the index is greater tharh&r¢ is an overrepresentation of
the target population in the study area. A two-dangst of proportions (one-tailed) can
determine the statistical significance of the digrtionality.

Other methods used are based on fixed proportfons.such method to
determine disproportionality is the Standard Deeratmethod. The Standard Deviation

method calculates the percentage of the targetlgiopu in the impacted study area and
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compares this to the mean of the reference aréze bercentage of target population
within the study area is more than one standaréhtem from the mean of the reference
area, then the target population is overrepreseAeother method based on
predetermined proportions is the Plus-25% methbd ethod establishes
disproportionality by determining if the censusturas a protected population 25%
greater than the reference population (Hartell 200fis is an example of a threshold
method. Other simpler thresholds may be set algo $8% of the study area population
is target population). The standard deviation, 2b% and other fixed proportion
threshold methods have the potential to neglectlsmghly concentrated, disadvantaged
groups. In addition, when comparing study areasraisults of these methods can be
misleading. A small population containing a cer@mount of disadvantaged households
will have a percentage higher than a larger pojuatith the same size of
disadvantaged population. This can cause somewdistatjed populations to be
neglected. Table 3 summarizes methods for detemgnishiisproportionality, with their

advantages and disadvantages.
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Table 3: Summary of Methods for Determining Disproprtionality

Method Advantages Disadvantages

Rational Comparison * Flexible (ability to * Highly sensitive to
compare within study inaccuracies of data

(BCl & ACI) area or to outside area) « No defined threshold

* Based on area populatio  built into test
and not arbitrary

threshold
» Simple mathematical
calculations
Standard Deviation * Defined threshold relative « Potential to neglect small
to area population highly concentrated
» Simple mathematical disadvantaged groups
calculations » Mathematical logic could
be difficult to explain to
those without knowledge
of basic statistics
Plus-25% * Defined threshold * Potential to neglect small
through use of fixed highly concentrated
proportions disadvantaged groups

* Easily comprehended by < Least rigorous
non-technical audience  « Arbitrary threshold
» Simple mathematical
calculations
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CHAPTER 2

CASE STUDY REVIEW

Metropolitan Planning Organization Case Studies

Several Metropolitan Planning Organizations haweliporated accessibility in

the environmental justice analyses. Table 4 —&8kldelow summarize important

elements of environmental justice analysis for mber of MPOs that are evaluating

accessibility within their quantitative analysisesfvironmental justice.

Table 4: Boston Region Metropolitan Planning Orgarzation Environmental Justice and
Accessibility Analysis Method

Boston Region Metro

politan Planning Organization (BRMPQO)

Defining the
Population

Minority Population more than 50 percent nonwhite or

Hispanic
Low- Median household income at or below 60 perce
Income of the median income for the region

Other

Defining the Study
Area

TAZs; Identified 28 EJ areas composed of multimlatguous
TAZs (15 municipalities and 13 neighborhoods)

Determining Impacts

Accessibility is defined “in terms of average triaiasd highway
travel times from environmental justice areas ttustrial, retail,
and service employment opportunities; health cand;
institutions of higher education. In recent wotle tainalysis of
transit travel times included destinations withidGaminute
transit trip, and the analysis of highway traveids included
destinations within a 20-minute auto trip. The asdaility
analysis also included an examination of the nurober
destinations within a 40-minute transit trip an2l0aminute auto
trip. (BRMPO website)” The 40-minute transit tripda20-
minute highway trips was based on Census Journgyeudk
data and represent average commute times in ti@reg
Time-opportunity based. Opportunities are destmatisuch as
industrial, retail, service jobs and universitiesl @ritical
services including hospitals.

Analyze the long-range build network as compareithéono-
build (current) network.

Determining
Disproportionality

Accessibility results are compared between thedtand no-
build network and also compared between EJ andddoareas
for transit and highway travel. Results of destora within
travel time buffers are summed for EJ and non-Edsaand

averaged by the number of EJ and non-EJ TAZs.
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Table 5: Mid-Ohio Regional Planning Commission Envionmental Justice and Accessibility Analysis

Method

Mid-Ohio Regional Planning Commission (MORPC)

Defining the Minority Nonwhite or Hispanic

Population Low- Households at or below DHHS poverty line
Averages of study Income

area were used as a | Other Elderly (65 or older); Disabled (sensory or

threshold to identify
target areas

physical); Households without automobiles
(Demographic information taken from 2005-200
American Community Survey)

Defining the Study
Area

Transportation analysis zones

Using TAZs allow demographic information to be gnated

with travel demand models

Target areas were identified based on high dessfi¢arget
populations

Equivalency between census block groups and TAZs wa
developed

Determining Impacts

Jobs within a travel time buffer: peak period autbite and
transit times and off peak transit travel timesesgmated from
each TAZ to each other TAZ. The total jobs withthr@inutes
auto and 40 minutes transit is calculated and ghted average
of jobs based on the population of each TAZ isudated. Total
shopping trips attracted in a 10 minute auto anchifute
transit travel time buffer is normalized over thapplation of
each TAZ. The same is done for non-shopping (dectmnk,
eating out, etc) with 20 minute driving and 40 ntentransit
thresholds. The percentage of the population wiBliminutes
driving and 40 minutes transit of a college or hiags also
calculated. The percentage of the population witlfirminutes
driving and 20 minutes transit of a major retatiteation.
Opportunity-based measures are used. Travel tineeslso
estimated based on travel demand models includiatpge
travel time to CBD and transit accessibility to CBD

Determining
Disproportionality

Target groups compared to non-target populatioe&ch
accessibility measure. The current state is condpaith the
future no build and the future TIP implementatiGhanges
(added benefits and burdens) are examined.

Table 6: National Capital Regional Transportation Ranning Board Environmental Justice and
Accessibility Analysis Method

National Capital Regional Transportation Planning Board (NCRTPB)

Defining the
Population

Thresholds are set by
the regional

D

proportion of each

Minority African-American/Black, Asian American,
Hispanic

Low- Household income less than one and a half timg

Income the poverty threshold

Other Disabled; Elderly (over 65); Limited English
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target population

Proficiency (the US 2010 censubs2005-2009
ACS)

Defining the Study
Area

As NCRTPB uses census data, block or block gronea
assumed to be the unit of analysis

Determining Number of jobs within 45 minutes via automobileransit
Impacts
Determining Projected changes in accessibility are estimatddtachanges

Disproportionality

are analyzed across target populations and thestie region
as a whole

Table 7: Southern California Association of Governnents Environmental Justice and Accessibility

Analysis Method

Southern California Association of Governments (SC&)

Defining the
Population

Minority 50 percent of tract is non-white

Low- Households at or below DHHS poverty level

Income (based on DHHA level for region’s average
household size; Income broken into quintiles)

Other

Defining the Study
Area

Transportation Analysis Zones; Demographic Censiis d
translated through mathematic transformations

Determining Impacts

“[Accessibility] is determined by the spatial dibtrtion of
potential destinations, the ease of reaching eastirghtion, and
the magnitude, quality and character of the aatiwiat the
destination sites.”

Opportunity-based measures are used. The percerftage
opportunities (service jobs — banks, health sesyiaato repair,
police and fire departments, social services) wigh minutes is
determined by taking the number of jobs in each BAd
dividing this by the total number of jobs in thgien. A similar
analysis is done for parks (park acreage withimitutes).

A ratio is developed based on trip making rateiandme and
trip making rate and mode for each county. Thisaised on
PUMS data.

Determining
Disproportionality

The percentage of opportunities is compared a@ibssinority
groups and across all income quintiles for both esod his is
done for the current baseline situation and forRlgional
Transportation Plan. The change is also evaluatedal
groups.

A monetary analysis is conducted. Values determihexigh
modeling and current project cost estimates fopthaning
period.

Appropriate distribution of benefits — an equalrstfar all
groups, when appropriate, or a more beneficialmutefor
lower-income groups where redistribution is desiead
determined.
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Table 8: Puget Sound Regional Council Environmentalustice and Accessibility Analysis Method

Puget Sound Regional Council (PSRC)

Defining the Minority Non-white

Population Low- Households at or below DHHS poverty level

Thresholds are the | Income

proportion of the Other Elderly; Disabled; Limited English Proficiency

target population in (Census data (PUMS) are used)

the region

Defining the Study Map transportation projects/ improvement corrid@estermine

Area intersection of buffer zone and census units

Determining Impacts | Uses travel demand model for forecasts of accesdsoand
activity centers

Determining Fix proportions based on regional targets

Disproportionality

Census data is commonly used among MPOs to infoatysis of target
populations. Decennially census data was usedl byRDs for developing baseline
demographic profiles and in demographics analgZsisus data can be used with
mathematical transformations to define a study.8€AG translates census data
through mathematical transformation in its noisseasments to apply demographic
information to smaller divisions contained withgsidential zones to determine the target
population within areas that surpass a decibettiuiel. Census data is also used in
defining disproportionality. Some of the MPOs thatre reviewed (i.e. MORPC and
PSRC) established “thresholds” using fixed projpmdibased on regional demographics.
MORPC and PSRC considered geopolitical units wiihomity populations greater than
the regional average to be target areas.

MORPC geographically interpreted census data withfGr graphic analysis of
target populations. PSRC'’s project level environtakeanalysis relies on geographic
information. The analysis follows the Polygon Arsa$ymethod. As such, projects are
enclosed in a 100 foot buffer zone. If any pordra census unit is within this buffer
zone, the census unit is considered in the stuely. dthis analysis is dependent on the use
of GIS. MORPC also uses GIS to define geopoliticats that qualify for environmental

justice analysis based on their population demdgcap
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GIS is used by all of the MPOs to map attractiarsatcessibility analyses.
MORPC uses GIS to assess impacts on other perfeemagasures as well. MORPC'’s
graphically depicts congested VMT using GIS to ateva geographic reference for this
performance measure. It also allows forecastedesiiuy increases to be compared
visually against TAZs with high percentages of é&gopulations.

Travel demand modeling is another tool that infeeshenvironmental justice
analyses. Since MPOs focus on regional planningphasis is placed on future travel
patterns. SCAG uses travel demand modeling to graje distributions and mode splits
for accessibility analysis. MORPC derives its eonmental justice performance
measures from the travel demand forecasting madekps (e.g. average number of job
opportunities, percent of VMT congested, averageeirtime to shopping, pedestrian
facilities). Similarly, MPOs use future effects ain emissions, noise, and accessibility
modeled by travel demand forecasts in determirtiegobtential impacts on target
populations.

The examples above help to elucidate the usesvirommental justice analysis

tools in the quantitative analysis framework.

Atlanta Regional Commission Environmental Justice Asessment Strategy

In 1999, the Atlanta Regional Commission (ARC) kkshed the Environmental
Justice Planning Team to advise and guide ARC pigniprojects and policies in
relation to their effect on minority and low-incompepulations. Now called the Social
Equity Advisory Committee, the group also givessidaration to elderly, children and
disabled populations. The committee comprises mesrifecommunity organizations,
educational institutions, environmental organizagidocal government and the ARC
Board (ARC website). The committee’s first actaregagement was in the Mobility
2030 planning process and it has since conductethgxe outreach efforts and

implemented technical assessment processes taagyalansportation needs for minority

37



and low-income populations in the Atlanta regioiR@&2006). The Social Equity
Advisory Committee was also involved in the Plad@@rocess. A workshop was held
in early 2010 to share the initiatives of the pdaual receive input from advocacy groups.

One of the focal topics was accessibility (to jabsl to transportation) (ARC website).

Defining the Population

The Atlanta metropolitan area is racially diverad aver the last ten years has
seen an increase in the percentage of non-whitgcéthcategories across the board (US
Census). However, the racial diversity of the ragag a whole if constrained to various
geographic locations throughout the region and naaegs across the region are very
homogenous.

In past planning cycles, ARC defined environmejtsiice populations as Black,
Asian, Hispanic and low-income populations. WheéDeasus block group contained a
target population percentage greater than the gedeaget population for the region, that
block group was deemed an environmental justice. aFégure 6 shows the

environmental justice areas for 2006 (ARC 2006).
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Figure 6 Environmental Justice Areas for the Atlant Regional Commission 2006

In 2007, a consultant team was hired by the Comamigs address ARC’s
concern that some areas deemed as EJ areas wewraesarily experiencing a
disadvantaged quality of life. The consultants dtgwed the Community Attribute Index
that evaluates a number of weighted variables dliweglimensions. The CAl was
developed based on the United Nations Developmegr&m’s Human Development
Index that is used at a national level and loddices such as the Community Vitality
Index and the Neighborhood Quality of Life Indeigl¥e 7 is the framework for the
CAl. The variables are evaluated at a CensusIgaet for the 13-county region and are

compared primarily by super districts (Boston 2007)
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CAl |

Dimension Index

Economic Poverty Educat onal Housing & Family
Opporunity Status Attainment Population Mix- Stability

Variable Index

=Medan housshold Income =% Femalk-headed =% of people with some =Total households | 25%) =% of 45-58 years old

| 505 housshold | 508G cobege/no degree [S0%) =Totalhousing units [25%) {509

= Compasikte scoreon ITBS = Poverty rate [S0%) =% of paople with =Total population {25%; =% married households
|25%) associate degree {S09) =Total sngle-famiy {500

- Writing assessment scare (25%)] housing units [25%)

Figure 7 Atlanta Regional Commission Community Attibute Index Framework (Boston 2007)

Although the CAI incorporates various indices oédend/or disadvantage, it
neglects race, a vital component in the environaigastice executive order and in all
subsequent regulations. Even the consultants’ tepates, “The important point is not
that race and poverty should be abandoned asiaritert they should be supplemented
with other metrics... (Boston 2007)” Still race istcorporated into the new
Community Attribute Index. Comparing the CAI faeas overrepresented by target
populations suggests that these areas will bededuHowever, this does not negate the
fact that race and ethnicity are not explicitly @acted for in the CAl, as per the federal
guidance. The guidance expressly states that inemmieace are not intrinsically linked
and the CAIl assumes the fact that determining igedglantaged areas in terms of
education, poverty, and family stability will aceddor racial and ethnic target
populations. Previous target populations may atsodylected using the CAI.
Populations such as Limited English Proficiency hadseholds below the median
housing value for the region may still be dete¢tedugh the CAI, but there are some
populations that will be completely ignored suchiesdisabled. The elderly and zero-car
households may be neglected to a lesser degree.

Despite the development of this system, a leseedfindex was eventually used

to assess environmental justice for the Plan 20d0gss. The ARC developed the
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Equitable Target Area Analysis in 2011. This indees five demographic parameters to
identify disadvantaged areas: age, education, mduaiasing value, poverty and race.
Similar to past assessments, areas with targetigtogns over the regional average
become the assessment areas (ARC 2011). For e#uh phrameters, these locations are
determined and scored. The resulting scores arectbrabined to determine the total
index for Census tracts across the region (Figure 8

Distribution of ! / N
Equitable Target i

Areas (ETA)

Mo Diata Avaifatle
for the Hartshield- - ! |
Regional Average

=8

Jeckson Atlanta
International Airpon

Legend

0I5 & 10 15 i)
T ——
Wlez

—— Expressways
Census Tract Level
ETA Index

5-8

9-11
I 12-13
Bl 14-17
Figure 8 Atlanta Regional Commission environmentajustice areas based on Equitable Target Area
index (ARC 2011)

Determining the Impacts

The ARC created a multimodal accessibility profdethe region in 2010. This
was part of Plan 2040 (ARC 2011) and was useddjegtrincreases in accessibility over
the next thirty years. This profile (Figure 9) alighlights the ETA communities

identified through the process described previausly
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Figure 9 Atlanta Regional Commission Multimodal Acessibility Profile (ARC 2011)

The ARC multimodal accessibility profile considéng three primary modes of
travel available within the region: pedestrian (ird), transit and automobile.
Accessibility was derived using a general estinaditeavel times for the region based
on each mode. High multimodal accessibility wasimia 15 minute walk, a 30 minute
drive, and a 45 minute transit trip (ARC 2011).FAgure 9 shows, the highest levels of
accessibility are within the perimeter expressvadgng highways and transit lines.

Reviewing the profile, the lack of transit throughthe region is apparent. The highest
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level of accessibility is visible along MARTA rdihes. As a result of the limited transit
network (rail in only Fulton and Dekalb countiesther areas of high accessibility likely
depend on automobile use.

This profile neglects a key component for meaguaccessibility; opportunities.
Short travel time alone does not constitute acbagiif there is no desired destination
within that travel time buffer. ARC has also conptkaccessibility profiles for
employment; however, critical features for soamliision have not been evaluated

expressly.
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CHAPTER 3
ENVIRONMENTAL JUSTICE ASSESSMENT FOR
ACCESSIBILITY TO CRITICAL FACILITIES IN THE ATLANTA

METROPOLITAN REGION

Problem Statement

Local agencies must comply with environmental gestiegulation and as such, it
is important that they possess practical toolslémiify target populations and assess
impacts of projects, programs, and policies ondhmxpulations. There is a plethora of
methods that can be used to attain both ends aydsdry among agencies. The focus of
environmental justice assessments is often atjagirevel.

The micro-level analysis of environmental justiokibits the evaluation of
impacts from policies (and projects also) on aagedgi level. Accessibility is a regional
impact of transportation improvements that canmeo¢Valuated at a project level. It is
becoming increasingly common practice that Metrid@olPlanning Organizations assess
the accessibility of their region, but few incorata this benefit into the environmental
justice evaluation. This is a benefit that has iogtions for participation in society and
the lack of accessibility inevitably becomes a leards there an equitable level of access
across the Atlanta Metropolitan region and foisaliments of the Atlanta regional
population? | postulate that there is not for tsons given below.

Studies have been conducted in cities such as iD&sdtimore, Boston, and San
Francisco that show, as one might expect giveiviveocentric City model, that the
urban city core provides the most accessibilityyéeer, this accessibility is largely
based on the availability of a car. Grengs (201@pssts that, “limited automobile
ownership contributes to high rates of unemploynietite inner-city.” This is a result of

auto-centered policy. Grengs defines modal mismasafy the words of Blumenberg —
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“a drastic divergence in the relative advantage/beh those who have access to
automobiles and those who do not.”

The concept that poor inner city residents areddigataged by the lack of
personal automobiles and not the growing distan@eiburban jobs is examined in depth
in Grengs (2010) study of Detroit. The study fitlgt the central city has the highest
accessibility for automobiles and transit. Yet sidaccessibility at best is lower than the
lowest accessibility by automobile. In additiorerth is considerable variation between
neighborhoods. Atlanta is not as transit-poor asditeyet the results of this study may
still apply. Given that the issue is one of modatians disparity and not physical
distance, sprawling metropolitans create a sitnatibere low-income and other transit
captive populations then become disadvantagedeyetiiuced access outside of the
transit accessible core. Given Atlanta’s transstesn with limited rail service and
reduced bus routes and the region’s reliance oaut@mobile, this presents an issue for
the metropolitan area. This problem is exacerbateeh access to critical features via
transit in included in the assessment.

This work conducts an environmental justice assessifor the Atlanta
metropolitan region evaluating accessibility tdical features available via transit. A
method for determining target populations for thgion is developed and used to assess

the opportunities available to these populations.

Approach

The approach used to assess the accessibility¥moamental justice
populations in the Atlanta metropolitan region uiealframework for the quantitative
analysis of environmental justice outcomes (Fidide The population was defined as
the Black, American Indian, Asian, Native Hawaierd Pacific Islander, and Hispanic.
These populations were used to develop spatiagtstat clusters for the 29-county

metropolitan region. Accessibility was measuresgsiumulative opportunity to

45



determine the impacts and disproportionality wasyared using a buffer comparison

index modified for opportunities rather than popiola.

Analyze
Disproportionality

Define Population
& Study Area

Determine Impacts

 Race/Ethnicity * Accessibility * Modified Buffer

* 29-County Region e Cumulative Comparison Index

* Spatial Statistical Opportunity
Clusters

Figure 10 Framework for quantitative analysis of ermironmental justice for Atlanta regional
accessibility

Defining Population and Study Area — Spatial Statiscal Clustering

Victoria (2006) uses the spatial statistical témtal Moran’s I, to develop clusters
of target populations for environmental justiceegssnents. The rationale behind this
method is to address the pitfalls of thresholds @@ sensitive to the reference
population and the geographic scale of analysis Whas accomplished by overlaying
clusters for the minority population and the loweome population. A scoring matrix was
developed to determine target populations acregeetrum of high to low concentration
for both variables. A map of target populationsigghe scoring system was converted to
a raster map and analyzed at a pixel level to alexy small populations to be evaluated.
The concept of delineating target populations frion-target populations on a basis of
clusters was adapted from the Victoria study. Tirdhod grapples with the very concern
that ARC voiced about its previously defined ennireental justice areas. By basing the
determination of environmental justice areas sabelyegional averages some areas that
are not “disadvantaged” may be included and ottertsare may not. Although the
Victoria study was conducted at a project levedpgl spatial statistic tools, such as

Getis-Ord G*-i, can prove a useful tool for regibeavironmental justice assessments.
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By using Getis-Ord G*-i, Census tracts with a rigklyy high number of target
population households are grouped in a cluster adjhcent tracts that also have a
relatively high number of target population houddbeoBased on Tobler’s first theory of
geography that “everything is related to everythetge, but near things are more related
than distant things (Tobler 1970),” Getis-Ord Gdentifies neighboring geographic
units with similar characteristics and determinesaa of high concentration. If one
imagines each geographic unit as a cell in a maiitix a weightw, if W, is high and the
weight of surrounding celis k, andl, are also high in comparison to all other celigs t
will be a hot-spot. The same is true of the coreelfd/; is low and the weight of
surrounding cellg, k, andl, are also low in comparison to all other cellss thill be a
cold-spot. The sum of the local weights of ¢elhd its neighbors is compared
proportionally to the sum of the weights of all ttedls. If this local sum is substantially
different than the local sum that would be expeéteeen the weights of all cells) and
the difference is large enough to negate randomagha statistically significant Z-score
will be assigned to ceil If the same is true for celisk, andl, a cluster of four cells
results. The Z-score may be positive, suggestimgt-apot, or negative, suggesting a
cold-spot. This Z-score represents the numberapidstrd deviations from the mean and
can be used to reject the null hypothesis. Gets®¥i is a spatial statistical tool that
assumes the null hypothesis that there is no $phiigtering of values, in this example,
cell weights. In addition to a large Z-score, & fhrvalue is very small, the null
hypothesis can also be rejected. The p-value repteshe probability that the clustering
pattern is the result of a random process. Figlirdebicts the statistical spread of Z-

scores and p-values for Getis-Ord G*-i.
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Figure 11 Significant values for Getis-Ord G*-i spdial statistical tool (ESRI 2012)

The cluster approach threatens to overlook a fédegairement that target
populations, no matter how small, are accounteihfenvironmental justice
assessments. A sole Census tract with 30% more¢anfjat population than the region
will not be identified if it is surrounded by tradhat have 30% less than the regional
average. The cluster approach creates a meassireitzrity and proximity. Although
some tracts may be neglected, this process allaas identification of where there are
high concentrations of target populations and glesia more regional view of the
demographic distributions. Each tract is not indiiglly examined; this is useful for
impacts that are more regional and wide-sweepikg dccessibility.

Clusters also function well in the Atlanta regiawem the historic and perpetual
segregation across racial and ethnic lines. Systemalicy practices concentrated
African-American and black population to the soothhe city while immigration
patterns concentrated Asian and Latino populatioi@winnett County (Hayes 2006,

Bullard 2000). Despite the social repercussiores stgregation of ethnicities provides an
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interesting climate in which to apply a clusterlggg. Tobler’s first theory also suggests
that low-income households will tend to clusterisléoncentrated poverty however, is
the target of many social policies to distributegry in hopes of reducing its perpetuity.
The cluster approach also provides a relative timleds While it is still a function
of the total reference population, the relativegiold is a statistically derived value
rather than arbitrarily chosen or based on theameeregional population statistics. The
clusters also provide the ability to assess a lgeggraphic area for impacts that are

regional in nature.

Determine Impacts — Accessibility Framework

From the literature, a framework for understanding selecting accessibility

measures was distilled (Figure 12).

I Preferences Iﬁ—l Constraints I

COMPONENTS | land-Use | | Individual |

| Transportation | | Temporal |

APPROACHES SPATIAL

CATEGORY

L utlity |
PERSPECTIVES [ Llocation | | Person |

| Infrastructure |/ \/

Figure 12 Framework for categorizing and selectingccessibility measures

The arrows at the top of the framework represenirtput components. Land-use
and transportation components are used in a spajbach and individual and temporal
components are used in a category approach. Nat@tbferences and constraints play
into the individual and temporal components. Basethe approach taken, the

accessibility measure will have a location or isfracture perspective (spatial) or a
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person perspective (category). A utility perspectan result from either approach and a
combination of approaches can result in variouspestives. For the following analysis,
individual and temporal inputs are not availabler. & regional assessment of
accessibility using individual and temporal compuseit is possible to use activity
spaces derived from travel behavior. Activity spditers among different segments of
the population. To develop activity spaces, traweVey data is required. Such data exists
for the Atlanta metropolitan region via the 2000 ARTAQ travel survey, however, it is
outdated. A new travel survey was conducted in 20elresults of which were
published in March of 2012. Further research mag it useful to incorporate this
updated travel survey data to develop activity epdor various segments of the
population and use these spaces, rather thanrdusienclude a person-based
perspective in the assessment of accessibiliggrregion. Incorporating travel demand
analysis results could provide another avenuedorporate the individual component.
However, given the land-use and transportationtgpuailable for the assessment at
hand, a conventional spatial approach was taken.

Conventional methods are useful for measuring @ggesaccessibility among
various social groups within an area-based framkewidrey can be useful in examining
changes in accessibility across different locatemd despite their limitations in
disaggregate analysis, individual demographics sisancome and age can be
incorporated into the measures (Kwan and Weber)2@0hough cumulative
opportunity is a conventional and unsophisticatethod to evaluate accessibility, it
serves several purposes in this analysis. Thedapkrsonal travel data limits the ability
for person-based or utility-based accessibility soeas. As mentioned previously, the
most recent travel survey for the Atlanta regiors\warformed ten years ago. This
information would fail to produce accurate resulise of the recently finished survey
data could allow more sophisticated analysis oioreg) accessibility. Unfortunately, that

data was not available at the time of this analy$s® of clusters, however, provides an
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estimated view of where the target populationgdeeand it can therefore provide an
estimate of their activity space. Because moshede clusters are very large and span
many Census tracts, estimating a distance frompéhiehery or the centroid would not
provide substantial accuracy to use a gravity mottehddition, analyzing the distance
along the transportation network to destinationsld@arry little weight with such a
large area of possible origins.

Atlanta has an accessible road network so in asgeascessibility, focus was
given to the transit system. Also since accesglgiheavily based on the availability of
transportation options, evaluating transit accagyilprovides insight into various modes
of transportation that may be available. As mermtpreviously in the Grengs (2010)
study, distance bares less importance in dispsauati@ccessibility than modal options,
which also supports an evaluation of transit agbéig. In addition, transit can be
viewed as a “public good” and as a means of pragidhe liberty of transportation and

accessibility to all.

Methodology

Data Acquisition

Data was acquired from the American Community Spivata (2006-2010 five-
year estimates) for the greater Atlanta metropoliteea. Demographic data for the 29-
county region was downloaded. This informationuded, total population and
populations for white, black, American Indian, Asi&lative Hawaiian and Pacific
Islander, other races, two or more races, and Hisp&he total land area of the tract as
well as the total number of households, averagedtmld size, and median income for
the tract were all obtained. Based on this inforomatthe percentage of each ethnicity
and race was determined. The data was formattpbthuce a table that could be

imported into ARCGIS.
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Census block, block group and tract shapefiles wevenloaded from the TIGER
database. A number of shapefiles were obtained AB@. These included: county
boundaries, street networks and expressways, CobbtZ Transit (CCT) lines,
Gwinnett County Transit (GCT) lines, GRTA lines, RRAA lines and stations (bus and
rail) and parks. These files were projected to NA[atePlane Georgia West in
ArcGIS. A table of community facilities was alsovddoaded from ARC. The table was
then geocoded to provide spatial references tetfadlities. In the geocoding process,
8261 facilities were matched, 73 (1%) were tied and1%) were unmatched. This was
deemed acceptable and the matched facilities ase tbonsidered in this analysis. The
facilities were differentiated between those neamgstr social inclusion (such as
schools) and emergency or other (such as firehpuBaksle 9 shows the facilities

included in this analysis.

Table 9: Opportunities for social inclusion obtaing from Atlanta Regional Commission's database of
community facilities

K-12 Primary school
Educational | Elementary school
Opportunities | Middle school
High school
Private school
Other school

Technical
Educational | Public vocational
Opportunities

Higher Two-year private college

Learning Two-year public college
Opportunities | Four-year private collegd
Four-year public college
Private university
Public university

Other Learning

Opportunities Library

The transit shapefiles were also differentiatechrésgs service buses for CCT and
GCT were separated from local service. Local serliies for CCT and GCT were

merged with MARTA bus lines and rail station stopkis provided a file with all local
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transit service. Because work trips were not adamfithis analysis, express commuter
bus was not evaluated. The local service was ledfby a quarter of a mile to suggest an
area within walking access to local bus and railise. The 24 MARTA stations with
parking were also buffered at 1, 2, and 5 mileslémtify areas within reasonable driving
distance to MARTA rail. There are, however somdthtions to the transit data. Obvious
issues arise when assuming that simply residinginvihe transit buffer provides access.
Physical limitations such as expressways, fenaedisabilities may encumber access to
transit facilities. Travel time to destinationsragatransit routes may also be lengthy and
may require multiple transfers, reducing the wtitif transit to choice destinations. The
desired destinations must also be within walkirgjagice of transit lines (contained
within the buffer) to provide utility for transitips. Service limitations (long headways,
abbreviated weekend hours) also play into the adwéty of locations via transit,
however, it is not captured in this buffer analyisaddition, the transit shapefiles, while
the most recent for the region, are outdated f@rctirrent transit routes. The shapefiles
date to 2006, since that time, MARTA and CCT haweslenroute adjustments and
Clayton County Transit (CTRAN) was eliminated. ARG meeting held in February
2012 addressed the need for a regional transitvaatahouse and open source data (ARC
Website). It is promising for future transit stusli® have the most current GIS data and
possibly information about service and temporalkst@ints. One final note on transit,
those who are transit dependent will be willingvalk a greater distance to reach transit

if necessary and be more likely to endure the triawve costs.

Data Analysis

The shapefiles and demographic information werdddanto ARCGIS.
Demographic data was joined with the spatial infation on the Census tract level.

Using Getis-Ord G*-i, clusters were created of @arsacts for each of the races and
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ethnicities. Clusters of high concentrations ofreacial and ethnic population were
created using Getis-Ord G*-i spatial statisticalgsis for inverse distance (Figure**).

A field was added to the attribute table for eatthese clusters to score each
tract from -3 (very cold and around other very doégtts) to 3 (very hot and around other
very hot tracts). This was done by implementingftilewing code in the new field:

if [GiPValue] <.01 then
if [GiZScore] < -2.58 then

value = -3

elseif [GiZScore]>-2.58 AND [GiZScore]<-1.96 then
value = -2

elseif [GiZScore]>-1.96 AND [GiZScore]<-1.65 then
value = -1

elseif [GiZScore]>-1.65 AND [GiZScore]<1.65 then
value =0

elseif [GiZScore]>1.65 AND [GiZScore]<1.96 then
value =1

elseif [GiZScore]>1.96 AND [GiZScore]<2.58 then
value = 2

elseif [GiZScore]>2.58 then
value =3

end if

else value =0

end if

This also accounts for the statistical significaeealue). The new scores
allowed the tracts with similar scores to be digsareating polygons for clusters that
scored a 3 (very hot). For each target populatlemclusters were dissolved in this way.

All of the dissolved cluster shapefiles were merged the polygons with scores
of three were selected. A separate shapefile vesgent with these polygons. These
polygons represent the areas of high concentrafiterget populations. These polygons
were then dissolved to produce several polygortsethieompass the areas with high
concentrations of all target populations.

The merged cluster polygons were used to clip tlggnal Census tract file and
resulted in a shapefile highlighting the areasighltoncentration of target populations

and all other demographic information. Using bdih inerge and clipped layers, it is
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possible to implement cumulative opportunity toedetine the accessibility for target
populations.

Transit access can be determined by clipping toal lmansit buffer within the
target population cluster and assessing the neav Areimilar process was used to
determine the park area within the cluster. Ushegdelect by location tool, the number
of schools, libraries, and institutions of highdueation were counted within the cluster.
The same process was done to identify the arearké@nd community facilities within
the transit buffer.

Disproportionality was determined using a variadBCl. Because the cluster
method identifies areas of overrepresentation @tdinget populations, the BCI would not
provide the disproportionality that is desired thos analysis. The objective is to
determine if the opportunities in the clustersdisproportionate to those outside the
cluster. This proportion is then normalized to plopulation. The following equation was

used as a modified BCI:

Opportunities in cluster/Opportunities in reference area
Modified BCI =

Total population in cluster/Total population in reference area
If the modified BCI is above a 1, the opportunitieshe cluster outweigh those
outside the cluster. If the modified BCI is lesarttL, the opportunities outside of the

cluster outweigh those in the cluster.

Results

From the process outlined, the opportunities withicluster can be determined.
Figure 13 through Figure 18 show the spatial diation of the identified facilities across

the Atlanta metropolitan region and their relatiorthe target population cluster.

55



City of Atlanta

Counties

-

250,000

125,000

Figure 13 Result of cluster analysis for target poplations. Shows areas of high concentration of

target populations.
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Figure 14 Local transit service in relation to target population cluster
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Figure 17 Colleges and Universities in relation ttarget population cluster
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Figure 18 Libraries in relation to target population cluster

Quantitative results and analysis are found in
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Table 10.

Table 10: Quantitative Results for Accessibility oKey Facilities

Region/ Non- % of % of

Facility Reference| Cluster Total Cluster Total BCI
Area (sg. mi.) 8910.33 7223.28 81.07% 1687.05 8.93 -
Population 5,300,114 2,324,748 43.86% 2,975,366 1456. --
Area of Transit Buffer (sq. mi. 377.70 44.67 1288 333.02 88.179 1.57
Libraries 140 59 42.14% 8L 57.86% 1.03
Higher Learning 29 1( 34.48% 19 65.52% 117
Schools 1056 415 39.30% 641 60.70% 1.08
Technical Schools 13 8 61.54% 5 38.46% 0.69
Area of Parks (sg. mi.) 179.98 131.51 73.0% 48.4726.93% 0.48

Discussion

The results of the data analysis provide a glimpethe spatial distribution of
target populations and key facilities across thama Metropolitan Region. Through the
use of clusters, cumulative opportunity and rati@eanparison methods, and
environmental justice analysis for access to kejjifi@s was conducted.

The results of the analysis show that while thgaapopulation cluster comprises
19 percent of the land area of the region, it imédo over half of the population for the
region. This is an understandable conclusion. Tigter is contained primarily in Fulton,
DeKalb, Gwinnett and Clayton Counties, four of tive most populous counties in the
region (US Census). As such, it also translatetsntiaay of the social facilities such as

schools and libraries are located within the clugter many of the facilities the BCI was
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in excess of 1. This reflects the presence of rfariéities within the cluster than outside
the cluster.

An interesting finding is that almost the entiransit buffer zone is contained
within the cluster. It is logical since Fulton abdKalb Counties are the sole counties
with MARTA, the largest transit provider in the reg, that the cluster’s heavy presence
in Fulton and DeKalb counties would result in aghéened transit area. In addition,
understanding that over half of the region’s popaoitaresides on less than 20 percent of
the land, it follows that the population densityttie cluster is relatively high. This is also
a logical case for the transit area.

The park area however is quite the converse. WBkCbof under 0.5, the
overwhelming majority of park space is outsidethsstered area. The varied land use
and terrain across the region could play a rokbénsiting of park space, however, the
disparity between the cluster and the remaindéneofegion is cause for concern.

The target population cluster generally spans aandsanized areas and suburbs.
As has been shown by Grengs and others, urbanlaaeaghe highest level of
accessibility, with availability of an automobilMéet, since the great majority of local
transit lines are within the cluster, this arealgo best served by transit across the region.
Table 11 shows the opportunities that are alsoimvitie transit buffer area. All the
higher education and technical facilities in thestérs are within the transit buffer and a
majority of the libraries are also. Less than bélfhe schools within the cluster are
within a quarter mile of local transit. These sdsa@re generally on the periphery of the
cluster where there are fewer local bus routethdee areas there are also fewer schools
and larger Census tracts signifying that thereatse less people residing in these areas.
This could translate to less justifiable demandifansit. Despite less transit access to
schools, it is likely these facilities are servgddcal school buses as well. Again, the

most substantial figure is the area of parks withantransit buffer. Less than 20 percent
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of the park area within the clusters is in the srtabuffer and barely 5 percent of the total

park area is in the transit buffer.

Table 11: Quantitative Results for Facilities in Transit Buffer

Facility Region/ Transit Access| % of Total % Cluster
Reference

Area (sq. mi.) 8910.33 377.694 4.24% 22.399
Libraries 140 60 42.869 74.079
Higher Learning 2p 19 65.529 100.009
Schools 1056 309 29.269 48.219
Technical Schools 13 5 38.469 100.009
Area of Parks (sg. mi.) 179.p8 8.3 4.61% 17.129

Even given these findings, what is still to be sisathe true distance and/or travel

time that transit riders experience in reachingidasons across the region.

Conclusion

Determining the distributive effects (burdens aeddfits) of transportation
improvements can be accomplished by defining thpuladion, delineating a study area,
determining impacts and then analyzing the dispitopmality of these impacts. Although
this process is best suited for project level asedyit can be applied generally to
evaluate policy responses and regional effects.gDnok regional effect is accessibility.
Accessibility to destinations is a benefit of thensportation system and when these
destinations are also opportunities for socialusidn, accessibility becomes a liberty
that should be extended to all segments of thelptpn. Ensuring accessibility to
critical facilities is an environmental justice ugs

To evaluate the accessibility to various criticadifities for environmental justice
target populations in the Atlanta metropolitan oegiARCGIS spatial statistical tools and
proximity measures were used. The results showagdhkre are high concentrations of
target populations in highly populated areas ofréggon and as such, they have access to
many of the public facilities including schooldyriries and transit. Park area, however,
is a public facility that is not often found withihe areas with high concentrations of

target populations or in proximity to transit.
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Disparate accessibility is significant becauseait be viewed as an inequitable
cumulative outcome of transportation investmentstherefore becomes an
environmental justice concern. Accessibility evéluas are necessary to assess the
ability of various populations across a regiondoess features and facilities vital for
social inclusion. This work conducted an analy$isacial and ethnic minority access to
educational and recreational facilities. As a resuimore comprehensive idea of
accessibility for environmental justice populatiovess obtained. This is especially
important given the current method that the Atlan&tropolitan region uses to analyze
accessibility, particularly in regards to enviromtsd justice.

Translating this work into a more general contéx, tools used can be applied
for other analyses. The variety of methods usedewtify environmental justice target
populations across MPOs suggests that definingpalation is a problem yet to be
solved. By translating a method that has been ttsadsess project areas to a regional
scope, complications with disproportionality threlsls are minimized. This method also
identifies areas with high concentrations of tagggtulations, pinpointing areas of
overrepresentation of target populations and esitigpahe distribution of these
populations across the region, which can provideempoactical and useful information
than a tract-by-tract demographic profile.

Using this approach, additional populations caimbkided in the analysis.
Access for low-income households and other targptlations can be determined.
Access to additional facilities can also be assesSeme private facilities that are not
publicly subsidized are still critical for parti@pon in society. Access to locations such
as grocery stores and shopping destinations sheuéValuated. A utility perspective can
also be incorporated into this approach by perfogw network analysis along the local
transit lines to determine actual travel distanue ime along each line to the facilities.

Assessments for accessibility of various populaticen also be expanded on the

basis of this approach. To better understand tbesado transit for target populations, a
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spatial statistic assessment around stations,,staddocal transit lines using local
Moran’s | can provide insight. And although thetsdaapproach is useful for a large
regional area with a multitude of people, the usactivity spaces in lieu of clusters

could incorporate a categorical approach with alividual component.
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