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Abstract Access to good public transit for low-socioeco-

nomic communities has been an important concern in

transportation planning and urban studies research. In

Portland, Oregon, USA, the rapid growth of housing prices

and rents in the urban core has caused displacement of low-

income residents to peripheral and suburban neighborhoods

where housing is more affordable. Because public transit is

generally more limited in the urban periphery and suburbs,

there is concern that the low-income suburban residents

may have more limited access to Portland’s light rail transit

service than more affluent residents do. This study exam-

ines the relationships between the light rail transit acces-

sibility and socioeconomic status—income, race and

ethnicity—in the Portland metro area. Light rail transit

accessibility is compared for all income and racial/ethnic

groups across four access zones. Multinomial logistic

econometric models were used to measure likelihood dif-

ferences of being located in different access zones between

each demographic group. The results show that there is no

significant barrier for low-income and racial and ethnic

minority residents to access urban rail transit in Portland.

The results suggest that despite low-income residents’

movement to the suburbs, Portland’s urban rail transit

system continues to serve all residents by providing

cohesive connections between the urban core, periphery

and suburbs.

Keywords Urban rail transit � Accessibility � Equity �
Urban regeneration � Socioeconomic status

1 Introduction

Accessibility is a measure of how easily people can travel

from the origin to the destination [1]. Public transit services

are indispensable for low-socioeconomic groups to access

jobs, services, and amenities because they often cannot

own a personal vehicle. Hence, public transit systems help

reduce social and economic disparities. Access to public

transit directly affects the accessibility of those who

depend on it. In this paper, we define public transit

accessibility of residents as travel distance between resi-

dence and the closest transit stops.

In the United States, social and economic status has a

strong relationship with the race and ethnicity. Despite the

American values of democracy and freedom, a large share

of the communities of color does not yet enjoy as much

wealth as White Americans [2, 3]. Central urban neigh-

borhoods have been increasingly upgraded in rapidly

growing American cities as they attracted residential and

commercial developments, jobs, and investments. As a

result, low-income residents have had to relocate to the

peripheral and suburban areas to seek affordable housing.

There have been on-going debates whether low-income

and minority communities have poorer accessibility to

public transit services than wealthier and majority ethic

groups. Some researchers find that low-income households

are concentrated near transit facilities since the cost of

public transportation use is cheaper than automobile own-

ership [4]. However, others contend that the neighborhoods

with high concentration of low-income and minority pop-

ulation usually lack access to public transit services.
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Therefore, the transit accessibility for the underrepresented

groups has become weaker [5–9].

The history of racial segregation in Portland traces back

to 1950s. Federally backed redlining, which banned mort-

gage lending in the ‘‘high-risk’’ areas or the neighborhoods

where a large number of people of color lived. That

resulted in the flight of wealthier White residents to the

suburbs. At the same time, Albina, the northern neighbor-

hood in the city of Portland, became a low-income Black

American concentrated community. Since the 1990s, the

pattern of segregation has been reversed. The city council

of Portland implemented the Albina Community Plan in

1991 to beautify the streets and sidewalks and to redevelop

and restore vacant lots in the area. Since then, public and

private capital have flowed to Albina, the traditionally

Black community, and other urban neighborhoods. Urban

regeneration projects increased the property values in the

urban core areas, which resulted in the influx of wealthier

White residents. A tremendous number of Black residents

who could not afford the rapidly rising housing prices and

rents moved out from Albina and joined the poorer migrant

communities in the peripheral East Portland [10]. Black

and Latino communities are becoming more concentrated

in suburbs [7, 9], similar to Framer’s [6] study that working

class and minority residents in the Chicago metropolitan

area tend to live in the inner-ring suburbs where a large

stock of affordable housing is located.

This study aims to analyze the public rail transit

accessibility for low-income and minority communities in

the Portland metropolitan area. We begin with a literature

review to illustrate the on-going studies about transit

accessibility issues for underrepresented communities.

Section 3 introduces the urban rail system in Portland

metro area and illustrates the demographic trends since

2000. Then, we delineate the methodology for the analysis.

In Sect. 4, we describe research design, the data, variables

and an empirical model we use to answer the research

questions. We discuss analytical results and the implica-

tions in Sect. 5. Finally, our analysis also recommends

plans and strategies to enhance accessibility for diverse

communities.

2 Literature Review

The poor are more likely to live in households without

automobiles than the middle and upper classes [11]. That

implies that low-income households are highly dependent

on public transportation. Low-income residents and com-

munities of color face challenges to use public transit

systems in suburbs that lack such options [9]. In Chicago,

the far South Side neighborhood has no direct access to

rapid transit [6]. Since the 1970s in the Paris metro area,

housing and services have been redistributed to the urban

periphery and suburban neighborhoods. As a result, there is

a significant mismatch between homes and workplaces

[12]. Thus, limited transit services in the automobile-ori-

ented suburbs significantly undermine accessibility and

mobility of the disadvantaged [9, 12]. A case study cov-

ering Atlanta, Boston, Detroit, and Los Angeles has shown

a large proportion of low-skilled jobs are in locations

where public transit is lacking [13]. Revington and

Townsend [14] also find that affordable rental housing is

concentrated outside of transit catchment zones in Van-

couver and Montreal, Canada.

However, other researchers suggest that underrepre-

sented groups enjoy fair access to public transit services as

much as other groups. They argue that low-income

households are more likely to live near bus stops or railway

stations to avoid the heavy burden of car ownership [4]. A

research analysis that examines spatial and temporal

accessibility by different social groups argues that low-

income groups have equal or better access to transit ser-

vices in the Greater Toronto and Hamilton area [15].

Researchers agree that public transit helps low-income

and minority communities achieve social and economic

opportunities. Public transportation modes enable the

groups to access goods, services, and jobs without a heavy

cost burden of automobile ownership [9, 14]. In particular,

rail transit provides a greater level of accessibility and

mobility than bus systems because of its reliable and timely

service [16]. An increase in accessibility to public transit

improves labor market outcomes [17, 18]. Moreover,

improving transit accessibility reduces wage disparities

[19]. An empirical result suggests that the rail transit ser-

vice in San Francisco increased the minority employment

rate in the urban core by connecting them to firms in

suburbs where new rail stations were built [20].

The urban regeneration since 1990s has been highly

associated with the urban rail transit development in

Portland, Oregon. The Portland public rail system has one

of the most extensive and well-integrated public transit

networks in the US. The metropolitan council has been

heavily investing in the development and operation of the

transit systems [9]. TriMet, the region’s public transit

agency operates Metropolitan Area Express (MAX) light

rail lines that currently run 60 miles and serve 97 stations

across the metropolitan area. Comprehensive connectivity

among bus, commuter rail, and streetcar systems, which are

also operated by TriMet, enhances access to the light rail

lines. Further, MAX lines have attracted developments in

close proximity to the rail facilities [21].

Rail transit projects have become a priority for many

public transit agencies and local governments in the US.

Urban rail transit is perceived to be faster and more reliable

than other public transportation modes. Moreover,
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governments can expect reduction in traffic congestions

and improvement in air quality through the increase in rail

transit ridership. In addition, there is a widely accepted

belief that rail infrastructure effectively catalyzes urban

revitalization. Rail transit development can potentially

strengthen the real estate market and benefit the property

owners. That could improve image of the city. However,

while many cities are focusing investment in rail systems,

the share of low-income and minority riders is much lower

in rail transit than in local buses [16, 22, 23]. The poor may

have a disadvantage in accessing important destinations

due to the slow travel time with buses [24, 25]. For

example, inequalities in job access by train increased in

Paris metropolis between 1975 and 2010 [12].

The debate whether public transit is less accessible to

low-income and minority groups than wealthier white

communities is still inconclusive. The improvement in

research methods may reveal reasons for the inconsistency.

Currently, most studies only focus on one or two most

disadvantaged groups. They compare the lowest-income

residents or low-skilled workers to other groups [12, 14]. In

terms of racial inequity, many studies only consider Black

and Latino communities as disadvantaged groups [9]. It is

possible that moderate-income group or Asians face

accessibility issue, too. It is difficult to understand a

comprehensive demographic trend in transit accessibility

without analyzing all income, racial, ethnic groups.

In addition, the literature shows that studies often take an

everything-or-nothing approach in defining transit accessi-

bility. They regard only one catchment area near a transit

stop as an accessible zone. Therefore, outside of the zone is

considered inaccessible to transit services. One can ask two

questions. Will or can some of the people outside the zone

walk to the stations? Moreover, can people who live outside

of the zone still access stations if they ride a bicycle or a bus?

A distance-decay function proved that among the people

who live outside of the conventional accessible distance

threshold (0.5 miles) to Metro stations in Madrid, Spain, a

significant number walked to use the Metro station within

1500 m (0.93 miles) [26]. An analysis on Dutch urban rail

transit found that riders use bike and other public transit

modes to access rail stations when they live farther than

walkable distance but less than 4100 m (2.55 miles) [27].

3 Study Area

The study area is the area inside the Portland Urban

Growth Boundary (UGB) of the Portland metropolitan

area. The Metropolitan Council of Portland created UGB in

order to manage urban growth and protect the forests and

agricultural lands in the region [28]. Most of the public

transit systems are operated within the boundary. The

public transit services are extremely scarce outside of UGB

[9]. Therefore, this research analysis only focuses on areas

in any parts of Clackamas, Multnomah, and Washington

Counties that fall into UGB (Fig. 1). In this section, we

also illustrate the demographic trends in the City of Port-

land and the suburban areas in UGB.

3.1 Portland, Oregon

The city of Portland is home to 648,000 residents according

to the 2017 US Census estimation. The Metropolitan Sta-

tistical Area has a population of 1.9 million, which makes

the region the 25th most populous metropolis. The largest

racial group is non-Hispanic White. They comprise 74% of

the total population. Other racial and ethnic groups are

12% of Latinos, 2.9% of Blacks and 6.5% of Asians. The

share of residents living under the poverty level is 13.3% in

the metro area. However, the proportion is higher (16.9%)

in the City of Portland [29–31].

The Portland metropolitan area has extensively con-

nected public transit networks (Fig. 1). Metropolitan Area

Express (MAX) is the light rail system serving the

metropolitan area. The MAX system comprises 5 lines that

run 60 miles of tracks across the metropolitan area. East-

side Blue line, one of the first light rail projects in the

nation, opened in 1986. The project catalyzed about $4.7

billion development and revitalization, especially in the

downtown area. Westside Blue line also attracted resi-

dential and commercial developments since its opening in

1998. Combining the Westside and Eastside Blue lines,

MAX connect between Hillsboro, the western suburb, and

Gresham, the eastern neighborhood to the City of Portland.

The Westside Express Service (WES) commuter line

connects between the western and southern suburbs. The

line also connects to MAX lines. In addition, streetcars and

trams also contribute to convenient commute in downtown

Portland. The 80 bus lines connect between rail, streetcar

and tram systems. The metro area enjoys more than $13.2

billion developments in close proximity to the collective

urban rail lines since the first decision by the public offi-

cials for the urban rail projects in 1978 [21].

3.2 The Demographic Structure

The inner city is experiencing an influx of wealthier White

residents while the urban peripheral neighborhoods such as

East Portland and many of the suburbs are increasingly

having a large number of the poor and people of color [10].

In Portland, 82nd Avenue is the border line between the

inner city and East Portland (Figs. 2, 3). Any neighbor-

hoods to the west of 82nd Avenue are all regarded the inner

city neighborhoods in the city [32]. Developers and

investors concentrated commercial and residential
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developments to the inner city, especially in the areas in

close proximity to the rail lines. Therefore, the neighbor-

hoods have experienced a stark surge in housing values. An

example is the Transit-Oriented Development (TOD),

which is part of the Albina Community Plan. The project

rejuvenated the streets and structures in the central neigh-

borhoods. However, the flip side of the coin is that a large

number of low-income and Black residents had to leave

their neighborhoods due to the growing housing cost bur-

den. Instead, they moved out farther from the inner city to

East Portland and other suburban areas to seek affordable

housing [9, 10].

The US Census data also reaffirm the trends (Figs. 2, 3).

The Portland metropolitan area within the UGB experi-

enced 19% population growth between 2000 and 2015. As

the population grew, the poverty rate increased in the metro

area (Table 1). In particular, the poverty rate in the urban

periphery (East Portland) and suburbs increased much

more dramatically than in the inner city. The poverty rate

jumped from 11.5 to 20.1% in East Portland (Table 4).

Likewise, suburbs experienced a considerable increase in

poverty rate from 7.8 to 12.8% (Table 5). On the other

hand, the increase in the inner city was only 2% points

(Table 2). In 2000, the suburban neighborhoods in Portland

had a traditional demographic structure of many American

metropolises [10]. The dominant population was White

Americans (80.3%) and the poverty rate was lower (7.8%)

than the entire metro level (10%) (Tables 1, 5). By 2015,

East Portland and the suburbs became ethnically diverse

and the poverty rate was almost same as the metro area

(Figs. 2, 3). On the contrary, the share of Black residents

dropped from 7.2 to 5% during the period in the inner city

(Table 2). For example, Albina area in the inner city, a

traditional Black neighborhood, lost 6800 Black residents

even though it gained total population. Percentage of Black

drastically halved from 23.6 to 13.6% (Table 3). At the

same time, share of Black surged from 2.2 to 5.1% in East

Portland (Table 4). A large number of Latinos migrated to

the metro area in recent decades. The population grew by

78.8% in the metro area (Table 1). Latino is the largest

ethnic minority group in the inner city, East Portland and

the suburbs. Yet, the share in East Portland (15.1%) and

suburbs (14.9%) was as twice as the percentage in the inner

city (7.5%) in 2015 (Tables 2, 4, 5). McKenzie [9] argued

that there is a limited the urban rail transit in the urban

periphery and suburban neighborhoods. He found in his

analysis that Latino and Black communities faced disad-

vantages to access the transit services including the urban

rail system in the Portland metropolitan area.

4 Methodology

The methodology section introduces how we redefine rail

transit accessible zones. Moreover, we delineate the data

and the data sources we use for our empirical analysis.

Fig. 1 Metro Area Express (MAX) networks. Source: TriMet, https://trimet.org/maps/img/railsystem.png
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Then, we explain the dependent and explanatory variables

and the econometric model as tools to examine the

accessibility differences among the demographic groups in

all the transit accessible zones. Finally, the section lists

hypotheses that are used to answer our research questions.

4.1 Research Design

The demographic data have shown that the urban regen-

eration has led to the increase in the poor and people of

color outside the inner city Portland. While many jobs

remain in the core [9], we want to explore if the devel-

opment of public transit helps improve the accessibility of

the poor and people of color. We have formulated two

questions. Do ethnic and racial minorities have poorer

accessibility than White population? Do low-income resi-

dents have poor accessibility than other income groups? In

order to answer the questions, we compare population by

census block group in three poverty levels (poverty, near

poverty, and poverty-free) and four ethnic groups (White,

Black, Asian, and Latino) in four tiered accessibility zones.

The thresholds dividing the accessibility zones are based

on distances between the centroid of a block group and the

nearest rail transit station. For instance, if a block’s cen-

troid is 2 miles away from the nearest station, the block is

located in Zone 3. We create the zones based on the lit-

eratures that measured maximum walkable distance and the

distance people bike or ride a bus to rail stations [26, 27].

Table 6 shows the four zones. Zone 1 represents the most

accessible areas and Zone 4 represents the inaccessible

areas to rail stations.

4.2 Data

This study requires data sets for demographic components,

street networks and public transit facilities. The 5-year

(2011*2015) American Community Survey (ACS) [30]

data provides demographic data. Census Block Group is

the smallest geographic unit among U.S. census data sets.

The income to poverty ratio determines an individual’s

poverty status. If the ratio is below 1.0, the person falls into

the poverty group. The ratio at or above 1.0 and below 1.25

Fig. 2 The Portland metro area within UGB in 2000
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is considered ‘near poverty’ level according to U.S. Census

Bureau [33]. An individual with ratio of at least 1.25 is in

the poverty-free group. The demographic variables are

percentages of racial and ethnic groups (White, Black,

Asian, and Latino) and income groups (Poverty, Near

poverty, and Poverty-free).

Transit facilities and networks data are from the Metro

of Portland website1 in GIS (Geographic Information

System) format. Data sets include sidewalks, bike trails,

locations of railway stations, bus stops, rail lines, and

streetcar, tram, and bus routes. These GIS data sets are

essential to conduct spatial analysis on the relationship

between demographic characteristics and accessibility to

urban rail transit. In Portland, multimodal connectivity of

sidewalk, bike trails, and bus routes to the rail systems

plays a significant role in measuring accessibility.

Hence, sidewalks, bike lanes and bus routes are used to

calculate network distances between each block group and

the nearest rail stations. ArcGIS Network Analysis

Fig. 3 The Portland metro area within UGB in 2015

Table 1 The demographic shift in the Portland metro area within UGB

Race/ethnicity 2000 2015 Income 2000 2015

Population Percentage Population Percentage Population Percentage Population Percentage

White 1,013,738 78.6 1,093,946 71.4 Poverty 125,968 9.9 222,470 14.8

Black 40,893 3.2 52,878 3.5 Near poverty 43,448 3.4 62,867 4.2

Latino 107,238 8.3 191,700 12.5 Poverty-free 1,099,102 86.6 1,222,603 81.1

Asian 72,978 5.7 115,716 7.6

1 Metro of Portland, Data Resource Center, https://www.oregonme

tro.gov/tools-partners/data-resource-center.
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Table 2 The demographic shift in the inner city

Race/ethnicity 2000 2015 Income 2000 2015

Population Percentage Population Percentage Population Percentage Population Percentage

White 310,950 76.2 357,360 77 Poverty 51,125 12.8 68,932 15.2

Black 29,302 7.2 23,320 5.0 Near poverty 15,518 3.9 18,831 4.1

Latino 25,139 6.2 34,863 7.5 Poverty-free 332,374 83.3 366,550 80.7

Asian 22,345 5.5 24,981 5.4

Table 3 The demographic shift in Albina

Race/ethnicity 2000 2015 Income 2000 2015

Population Percentage Population Percentage Population Percentage Population Percentage

White 49,445 56.7 68,964 68.4 Poverty 13,608 16.1 16,825 17.1

Black 20,583 23.6 13,731 13.6 Near poverty 3779 4.5 4718 4.8

Latino 7506 8.6 8637 8.6 Poverty-free 67,328 79.5 76,768 78.1

Asian 3427 3.9 4183 4.1

Table 4 The demographic shift in East Portland

Race/ethnicity 2000 2015 Income 2000 2015

Population Percentage Population Percentage Population Percentage Population Percentage

White 232,034 78.0 237,277 64.3 Poverty 33,512 11.5 72,860 20.1

Black 6467 2.2 18,678 5.1 Near poverty 11,084 3.8 19,510 5.4

Latino 26,738 9.0 55,829 15.1 Poverty-free 246,605 84.7 270,513 74.5

Asian 17,514 5.9 34,801 9.4

Table 5 The demographic shift in suburbs

Race/ethnicity 2000 2015 Income 2000 2015

Population Percentage Population Percentage Population Percentage Population Percentage

White 557,542 80.3 598,272 70.8 Poverty 53,643 7.8 106,992 12.8

Black 7305 1.1 16,414 1.9 Near poverty 20,220 2.9 31,753 3.8

Latino 67,640 9.7 125,815 14.9 Poverty-free 612,258 89.2 696,750 83.4

Asian 36,350 5.2 64,155 7.6

Table 6 Accessibility zones Distance Levels of accessibility

Zone 1 0*0.5 mille (0*800m) The most walkable distance to the rail stations

Zone 2 0.5*0.93 mile (800*1500m) Moderately walkable distance to rail stations

Zone 3 0.93*2.55 mile (1500*4100m) Accessible to rail stations by buses and bicycles

Zone 4 [2.55 mile Inaccessible to rail stations
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measures distances from each block group centroid to the

closest rail station through sidewalks and bike lanes to

determine the first and the second accessibility zones.

Sidewalks, bike lanes and bus routes are included in cal-

culating distances to delineate Zone 3. The rest of the areas

within UGB are in Zone 4 (Fig. 4).

4.3 Variables and the Econometric Model

We use a multinomial logistic regression model to compare

differences between income and racial groups and between

multi-tiered accessibility zones. The method of maximum

likelihood estimates the parameters. The model is powerful

since it allows the inclusion of more than two nominal

categories for a dependent variable. The dependent vari-

able has four categories according to the distance thresh-

olds. Zone 4 (inaccessible areas to rail stations) is set as a

base level. The purpose is to study the relationship between

the multinomial (the three accessible zones) likelihoods to

the base level (the inaccessible zone) and compare all

explanatory variables (all income and ethnic groups).

The explanatory variables are sets of all socioeconomic

groups. The income variables are proportions of population

in the ‘poverty,’ ‘near poverty,’ ‘poverty-free’ groups. The

racial and ethnic variables are the proportion of population

in the White, Black, Asian, and Latino groups. We include

‘poverty-free’ and ‘White’ variables in order to compare

rail transit accessibility between the disadvantaged and

wealthier communities. The comparison allows more

detailed analysis on disparities in accessibility than studies

only on underrepresented groups. Finally, the model

includes control variables that are crucial factors to avoid

omitted variable biases. The control variables are popula-

tion density, neighborhood jobs, workers, renters, and

households without a vehicle (Table 7).

The multinomial logistic regression with the variables

above is:

Fig. 4 Urban rail networks within the UGB
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where j = 1, 2, 3 (Zone number as explained in Table 8),

i = 1, 2, 3, …, n (Census block group identification num-

ber), xp = control variables, P denotes the likelihood that

the dependent variable Y = 1 when explanatory variable

X = x. For example, P1 is the likelihood of a census block

group to be located in the first zone depending on the effect

of explanatory variable; income, race/ethnicity and other

control variables. The likelihoods in a logistic model are

expressed as:

Y
¼ Pr Y ¼ 1jX ¼ xð Þ ¼ eboþb1x

1 þ eboþb1x
ð2Þ

Based on the rule of a logarithmic equation:
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Therefore, results of the dependent variable are differences

between likelihoods of being in zone j and zone 4. j is an

identification of the accessible zone to rail transit stations.

This method creates three logit models each for Zones 1, 2,

and 3. In each model, the coefficients indicate likelihood to

be located in a Zone j when compared to Zone 4, the

inaccessible areas to rail transit stations. A positive value

implies the likelihood of a demographic group to be within

the accessible zone grows against the likelihood to be in

inaccessible areas when percentage of the group increases.

A negative coefficient means that a neighborhood’s like-

lihood to be located in the accessible zone decreases

against the likelihood of being in the inaccessible zone

Table 7 Data and variables. Source: *2011*2015 ACS 5-years estimate; **Metro of Portland; ***LEHD Program

Description

Dependent variable

Transit accessibilitya** Difference between the likelihood of being located in accessible areas (Zone 1, 2, and 3) and the likelihood of

being located in inaccessible area (Zone 4)

Explanatory variables

Income

Poverty* Percentage of residents in poverty in a block group

Near poverty* Percentage of residents in near poverty in a block group

Poverty-free* Percentage of poverty-free residents in a block group

Race/ethnicity

White* Percentage of White population in a block group

Black* Percentage of Black population in a block group

Asian* Percentage of Asian population in a block group

Latino* Percentage of Latino population in a block group

Control

Population density* Persons per acre

Workers* Percent of workers age 16 and over

Renters* Percent of renters

Households without a

car*

Percent of households without a car

Neighborhood job*** Number of primary jobs in a block group

Number of block groups,

n = 929

aThe dependent variable measures whether the probability of a census block group being located in each accessible zone (Zones 1, 2, or 3) is

smaller or greater than the probability of the block being in inaccessible zone (Zone 4). We regress the predictor on percentages of racial/ethnic

and income groups in each block group. A positive value means the demographic group is more likely to live in an accessible zone than in an

inaccessible zone. A negative value shows the group is more likely to live in an inaccessible zone than in an accessible zone. In other words, a

positive sign implies strong accessibility and a negative sign is poor accessibility
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when percentage of the group increases. In multinomial

logit regression, magnitudes of coefficients are not as

important as signs. A dependent variable is likelihood

differences between two categories rather than a single

likelihood. Hence, a large magnitude is not interpreted as

high likelihood in multinomial logit estimation [34].

We also compare between Zones 1, 2, and 3 using the

logistic modeling results. The first three models are sub-

tracted to each other. For instance, by subtracting the Zone

2 model from the Zone 1 model, we can compare the

likelihood of being in Zone 1 against the likelihood to be

located in Zone 2.

ln
Y

1

=
Y

4

 !
� ln

Y

2

=
Y

4

 !

¼ lnð
Y

1

Þ � lnð
Y

2

Þ

¼ lnð
Y

1

=
Y

2

Þ

ð4Þ

4.4 Hypotheses

The previous studies suggest that low-income or minority

individuals displaced from the urban core area to the

periphery and suburbs. The groups of people have poorer

access to rail stations than wealthier and White individuals

[9, 10]. The hypotheses are established based on the

argument. First, we hypothesize that communities of color

(Black, Latino, and Asian) is more likely to live in areas

with limited access to the urban rail transit. By contrary,

White residents are more likely to live in areas where they

can access rail stations. We also examine the relationship

between income and rail accessibility. Residents below

poverty level and near poverty level are more likely to live

in inaccessible areas to rail stations rather than living in the

transit accessible areas. On the other hand, the likelihood of

residents without poverty status being in rail accessible

areas is higher than being in inaccessible zones.

5 Results and Discussion

The multinomial logistic model measures difference from

the likelihood for each racial, ethnic and income group to

live in rail transit accessible zones (Zone 1, 2, and 3) to the

likelihood to live in inaccessible zone (Zone 4). To enable

the multiple comparisons, multinomial logit estimation

automatically generates three logistic models. That said,

the three dependent variables are the likelihood difference

between Zone 1 and Zone 4 (P1–P4), the difference

between Zone 2 and Zone 4 (P2–P4) and the difference

between Zone 3 and Zone 4 (P3–P4). Since the models are

all derived from one model (Eq. 1), their Akaike Infor-

mation Criteria (AIC = 1895.95) are all equal. Thus, the

goodness of fit of the three models is equal, which means

comparing the fitness is unnecessary. In the analysis using

the multinomial logit model, the magnitude of coefficients

itself does not tell much information as the dependent

variable is likelihood difference between categories rather

than likelihood itself. What we need to pay attention the

sign of coefficients. As we mention in the sect. 4.3, the

positive coefficient indicates higher likelihood for a group

to live in rail transit accessible zones than to the likelihood

to live in inaccessible zone. The negative estimator means

that the demographic group is less likely to live in acces-

sible zones than in inaccessible zone. For example, the

coefficient for Latino to predict the difference between

Zone 2 and 4 (P2–P4) is - 0.852. The interpretation is that

Table 8 Multinomial logistic

model results
Zone 1 to Zone 4 Zone 2 to Zone 4 Zone 3 to Zone 4

WHITE 0.291*** - 2.717*** - 1.001***

BLACK 0.225*** 4.147*** 2.950***

ASIAN 0.739*** - 0.852*** - 2.880***

LATINO 1.446*** - 0.872*** - 1.191***

POVERTY 4.168*** 1.454*** - 0.402***

NEAR_POVERTY 5.381*** 7.692*** 1.488***

POVERTY_FREE 1.885*** 0.206*** - 2.288***

WORKERS 2.51*** 0.534*** 2.001***

NO_CAR 7.021*** 0.495*** - 0.938***

RENTER 2.407*** 1.146*** 0.408***

JOBS 0.0003*** 0.0001 0.0002***

DENSITY 0.159*** 0.110*** 0.134***

Constant - 8.452*** - 1.446*** 0.927***

*p\ 0.1; **p\ 0.05; ***p\ 0.01, n = 929
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Latino community is less likely to live in Zone 2 than in

Zone 4.

The results show that all income and racial/ethnic

variables are statistically significant to the dependent

variable (Table 8). The likelihood of Black residents to live

in rail transit accessible zones is higher than their likeli-

hood to live in inaccessible zone. The results for other

communities of color are more complicated. Latino com-

munity is more likely to live in Zone 1 than in Zone 4.

However, Latinos are less likely to live in Zone 2 and Zone

3 than in Zone 4. Asians also have a higher likelihood to be

in Zone 1 than in Zone 4 and lower likelihood to be in Zone

2 and 3 than in Zone 4. The residential patterns for Whites

are similar to Latinos and Asians. Whites are more likely to

live in Zone 1 than in Zone 4. However, the likelihood to

live in Zone 2 and 3 is smaller than the probability to be in

Zone 4. The light rail stations are readily accessible to

Latino, Asian and White groups when we only consider

Zone 1, the 0.5 mile threshold. However, they have a

tendency to reside in inaccessible areas to stations than in

areas that are moderately walkable distance (Zone 2) and

that accessible through multimodal transportation to the

rail stations (Zone 3).

Coefficients for income groups also have some unex-

pected signs (Table 8). There is a lower likelihood for

people under poverty level to live in Zone 3 than in Zone 4.

However, they are more likely to live in Zone 1 and 2 than

in Zone 4. Near poverty group (Income to poverty ratio

1*1.25) has a better accessibility than other income

groups. The people under near poverty have higher likeli-

hood to live in all accessible zones (Zone 1, 2, and 3) than

in inaccessible zone (Zone 4). People who are free from

poverty show a similar pattern as poverty group. Residents

without poverty or near poverty are more likely live in

Zone 1 and Zone 2 than Zone 4 while they are less likely to

live in Zone 3 than Zone 4. The overall outcomes for the

control variables follow what we hypothesize (Table 8).

Employed residents have higher likelihood to be located in

accessible zones than inaccessible zone. Moreover,

households without a car are more likely to be located in

Zone 1 and Zone 2. However, they are less likely to in

Zone 3 than in Zone 4. The households without a car in

Zone 4 can be disadvantaged in going to necessary desti-

nations due to the limited public rail transit accessibility.

Renters are also more likely to live in Zone 1, 2 and 3 than

in Zone 4. They are less likely to own a car than home-

owners because renters often do not have a parking facility.

Areas with more jobs tend to have closer proximity to rail

stations. Jobs are more likely concentrated in Zone 1 and

Zone 3 than in Zone 4. Although the sign for likelihood

difference between Zone 2 and 4 is positive, the coefficient

is not statistically significant. Further, neighborhoods

where rail stations are readily accessible have high density.

Areas with higher population density have greater likeli-

hood to be located in Zone 1, 2, and 3 than in Zone 4.

Our data analysis generates mixed results that some of

them contradict with the hypotheses. Overall, racial and

ethnic minority groups have sound access to the rail

infrastructure. In particular, Black residents enjoy superior

accessibility to other groups. The probability for Blacks to

live in all levels of accessible zones is higher than their

probability to live in areas where rail transit access is con-

siderably limited. Whites’ residential patterns vary

depending on different zones. White residents are more

likely to live within the most walkable distance threshold

(0*0.5 mile) to rail stations than inaccessible zone. How-

ever, they are less likely to live in moderately accessible

thresholds (0.5*2.55 miles) than the areas with limited

access (over 2.55 miles) to rail transit. The same patterns

apply to Latinos and Asians. Although the results prove the

hypotheses about Zone 2 and 3, they show an opposite sign

from hypotheses about Zone 1. The results for different

income groups also suggest opposite signs from some

hypotheses. It turns out that poverty and near poverty groups

have good overall accessibility, except the poverty group is

less likely to live the accessible zone through multimodal

transportation (0.93*2.55 miles) than the areas with limited

access to rail transit. The wealthier residents have strong

accessibility in Zone 1 and 2 as we expected. However, they

show lower probability to live in areas that are accessible

through bike and buses than in areas with the weakest

accessibility to rail transits, which is an unexpected result.

It is evident that White residents are more concentrated

in the inner city area than in East Portland and the suburbs.

By contrast, the shares of communities of color are greater

in the peripheral urban and suburban areas in inner Port-

land. Those neighborhoods experienced more rapid growth

in minority residents than the inner city from 2000 to 2015.

Although the poverty rate increased in the metropolitan

area, it increased more drastically in East Portland and the

suburban neighborhoods than in the inner city (Tables 1, 2,

3, 4, 5; Figs. 2, 3). By considering the demographic trend

and structure, one could concern about poor rail transit

accessibility for low-income and minority residents [9].

Our research analysis presents many signs that the under-

represented populations live in areas where there is good

accessibility to the urban rail infrastructure. The rail transit

lines extended to the East Portland and suburban neigh-

borhoods at the same time of urban regeneration. The

collective Eastside and Westside Blue lines connect the

eastern (Gresham) and western ends (Beaverton and

Hillsboro) of the metropolis. The Latino concentrated

suburban neighborhoods in Hillsboro, Beaverton and Gre-

sham are located in close proximity to the rail transit sta-

tions (Fig. 5). Likewise, high poverty neighborhoods in

suburbs cluster near the rail stations (Fig. 6). The MAX
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urban rail of Portland provides wide networks that connect

between the urban core, periphery and the suburban

neighborhoods cohesively. In addition, the WES commuter

rail line connects between the western and southern sub-

urbs. It is one of few suburbs to suburbs rail transit lines in

the United States [21]. Another aspect that contributes to the

strong overall accessibility could be superior street network

connectivity. Smart growth planning that limits develop-

ment within UGB improved internal street and pedestrian

connectivity in the Portland metro area since early 1990s

[35]. We measure street network distances between block

groups and rail stations rather than straight line distances to

get realistic measures for accessibility. We can speculate

the well-connected street networks make a wide range of

people to have a strong access to the rail facilities. Our

findings illustrate the urban rail transit in Portland is an

intelligent system because it provides the necessary acces-

sibility to everyone, including low-income and minority

individuals. The urban rail transit helps the low-socioeco-

nomic communities to have a strong accessibility.

This case study of Portland suggests lessons to improve

accessibility for a wide range of communities. First, an

extensive urban rail infrastructure that connects the urban

core, periphery, and the suburban neighborhoods can

enhance accessibility of the low-socioeconomic groups.

Second, our analysis shows a significant number of the

low-income and minority residents in Zone 2 and Zone 3.

These areas are still accessible to the rail stations even

though they are not as close as Zone 1. A coordinated

development of multimodal transportation infrastructure

that links bicycles, buses and rail transit can further

improve urban rail transit accessibility for the low-so-

cioeconomic groups. These two levels of accessible areas

should receive more attention from urban and transporta-

tion planners in developing smart and connected commu-

nities. In this case, Portland can be a model case for other

cities because it allows riders to transfer between the rail

and buses without paying separate fares. Moreover, the

buses and rail cars have bicycle racks so that they provide

easy access for bikers [36]. Finally, an additional minor

Fig. 5 Percentage of Latinos in 2015
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would be well-connected street networks can enhance

accessibility to urban rail transit.

6 Conclusion

It is clear that a great proportion of the low-income and

minority residents is concentrated in East Portland and

suburban neighborhoods, a result of the urban regeneration

projects. Overall, our analytical results suggest that there is

no significant barrier for low-income and racial and ethnic

minority residents to access the urban rail transit in Port-

land. The Black group generally has better accessibility

than other racial and ethnic groups. Poverty and near

poverty groups also have superior access to rail transit than

the poverty-free group. These results reflect that the

extensive urban rail system is well connected to the

peripheral and suburban neighborhoods where low-so-

cioeconomic communities are concentrated. Portland can

be a model city for many other cities with limited con-

nectivity between urban core and suburban areas. While

there are debates that urban regeneration introduces

inequity issues, our study provides evidence to support the

argument that an extensive public rail transit can remove

accessibility barriers for low-socioeconomic groups.

Because Portland has an extensive multimodal system

we divide the study area into four zones to consider the bus

and bicycle connections to urban rail transit. Riders can

transfer between rail and buses without a burden of sepa-

rate fees for different systems. Further, the rail cars and

buses accommodate bikers with bicycle racks. Our analysis

could contribute to the debate on public transit accessibility

and equity. The method allows us to look at the accessi-

bility issues in a deeper and more comprehensive manner.

In the study, we introduce different levels of accessible

zones. That provides us more detailed analysis than a study

only focusing one accessible area. Moreover, we consider

accessibility issues for all economic and ethnic groups. The

results make it possible to compare people in different

groups.

This study only focuses on the distance between rail

transit stops and the census block group centroid. We plan

Fig. 6 Percentage of residents below poverty level in 2015
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to conduct future analysis in accessibility from each

household to transit facilities using parcel data. That will

give more accurate results than the research using census

block groups. Furthermore, a study on accessibility for

senior citizens and people with disabilities can be valuable

because public transit systems are both crucial for the

populations who face physical challenge to use them.

Finally, accessibility to jobs from households through the

urban rail transit can shed a light on accessibility and

economic opportunity for low-socioeconomic

communities.
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