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This investigation explores the issue of public transit accessibility from the perspective of
low-income workers. The objective of this research is to define the concept of public transit
accessibility, develop any typologies in public transit accessibility, and explore the underlying
factors that lead to the development of these accessibility typologies.
To explore this topic in depth, a conceptual framework consisting of (1) the definition of
accessibility, (2) the role of transit and how it impacts economic development, (3) the role of
transit and how it impacts employment, (4) the relationship of transit and social equity, (5) the
efficiency of transit, and (6) the planning considerations of transit, is used to frame the
investigation, the results, and the conclusions to the central research question.
The methodology used to achieve the objective of this investigation uses a nonexperimental dual case study approach, using Curitiba, Brasil, and Seattle, Washington as the
case studies under investigation. This case study approach pursues a two-tiered analysis placed in
the context of the historical, demographic, and socio-economic policies and trends of the case
studies. The two tiers: (1) statistical and (2) geo-spatial, try to convey where populations,
employment, and transit services are located in relation to each other, then transition to studying
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their relationship and how they impact the core question of accessibility (framed to an agreed
definition of access and geographic coverage) to transit by low-income working populations.
The results indicate that two low-income transit accessibility typologies emerge when
studying the two case studies. Those typologies, which are reinforcements of the spatial
mismatch hypothesis, are (1) urban fringe mismatch and (2) urban core mismatch, and they
indicate a disparity between where low-income populations live, where job opportunities are
located, and how transit connects the low-income worker to the workplace.
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CHAPTER 1
INTRODUCTION
Transportation is a critical element in everyone’s life. It is by means of transportation that
people are able to live, work, and play. Most people engage transportation to get to work, and
this enables them to sustain their way of life. In industrialized and developing nations,
transportation to work has had an enormous impact on people’s lives, so much so that it
consumes an average of 1-4 hours daily. This accounts for 5-15% of the lives of people.
Public transit is a mode of transportation that involves transportation by a collective in a
large vehicle, subsidized or managed by the government, and operates mostly on a fixed route
and fixed schedule. It is multi-faceted, involving various vehicles and facility types, and engages
various populations across various activity centers. One significant segment of the population
that uses public transit in their commute to work is low-income users. These low-income users
are noted for their limited resources and struggle to make ends meet, and comprise the segment
of the population with the greatest need for mobility. They have limited access to private
vehicles so they are heavily reliant on public transit. The concern among advocates of this
constituency is whether low-income users have decent accessibility to public transit facilities and
services. Is public transit service fairly provided? Is there reasonable accessibility to public
transit facilities for low-income users? It is this notion of fair accessibility that will determine the
economic opportunities that this population is presented with.
The issue of public transportation accessibility for low-income users is not a new issue.
Scholars have looked into the various issues that affect low-income users and urban societies
because of transit accessibility issues. Such issues include economic development, social equity,
service efficiency, and viable transportation planning.
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Up to this point, the topic of conversation on accessibility for low-income users has been
geared towards the ills and impact of limited accessibility within this population. The question
that arises now is if any action has been taken to address this issue. If not, we have to develop a
new approach and a new way of thinking for providing public transportation accessibility for
low-income users, especially regarding their journey to work. This is of utmost importance to
low-income users, just as it is for all workers, because of the significant impact it has upon our
lives. It is this inquiry that has led us to the development of this investigation, one that will
highlight the major issues and impacts relating to the accessibility of low-income workers to
public transit facilities and services. The research is a dual case study investigation of select
transit systems in the Americas and how they address this issue of low-income worker access to
transit.
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CHAPTER 2
REVIEW OF THE LITERATURE
Overview
The 21st century has been marked as a point in history where robust demographic and
economic growth became self-evident across the globe. Populations have been growing
exponentially across many developing regions of the world, once dominated by agricultural
production. With this population growth, there has been a shift in the population concentration
from the rural to the urban center. Because of this population shift, populations have had to
adjust to changes in work.
Before the Industrial Revolution of the mid 1800s, populations lived in the rural
countryside, and people were self-employed or involved in agricultural production and services,
yielding a limited “division of labor” according to Adam Smith’s Wealth of Nations. The form of
work individuals were involved in, kept them close to their homes or where they worked, and the
diversity of work was simple (Smith, 2003). With the shift to the urban center, this dynamic of
working close to home was not something applicable to the majority of laborers. The type of
labor involved in the urban center became diverse, complex, and concentrated. It is this division
of labor that lead to the early phenomenon of commuting, which still exists today to a greater
degree. This home-to-work travel relationship is an important component in defining the urban
form and the transportation system for all major urban areas.
As with any system, there is the inevitable opportunity for evolution. The same can be said
with the economic system of urban centers. Industrialism of the 1800s created the manufacturing
urban cores and attracted the population to these centers for work. To adapt to this population
shift, populations started to live in tenements, later evolving to apartments (at least in the United
States due to housing codes). This reaction to industrialism was the desire of workers to live
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close to where they work. This socio-economic relationship in the urban core created an urban
form where work was concentrated in the center of the city, and the workers lived in the
periphery or were crowded in downtown tenements due to the affordability of housing
(Fishman, 1977). Worker housing density was at its peak near the activity centers of work, and
dropped off the further away one went. This evolution took a turn with the transportation
advancement of the streetcar, creating radial density to the urban core from major transportation
links. As streetcars evolved in its reach and the introduction of the subway, the population
dispersion continued to expand radially outwards from the urban center, while maintaining the
highest density in the urban core, and new concentrations near major streetcar/subway stops.
New social, economic, and environmental patterns started to emerge from transportation
advances (Murray, Davis, Stimson, & Ferreira, 1998)
The 1950s brought about a new shift in the dynamic of the home-to-work relationship. A
post-war economic boom empowered many people in the United States to become homeowners
with their plot of land. On top of that, their “homesteads” were connected to the city with the
rapid development of the American road system and the Interstate Highway System. This
phenomenon termed “suburbia,” brought about the advent of decentralizing the city (Hall,
2002). Work activity centers started to disperse across the metropolitan area, and were
complemented with recreational urban activity centers and suburban residential subdivisions.
This suburbanization trend was not without its impact upon the rest of the world. As American
consumerism trends became globalized, so too was the notion of suburbia and automobile
ownership.
This decentralization of the urban area, led to a new issue for transportation systems. That
issue was where to focus transportation facilities to best serve this new decentralized urban area.
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Do transportation facilities orient their services towards activity centers, towards the
concentration of users, and towards the historical urban core? Planners had to contend with
varying concerns in developing these systems. For the specific aim of this research, the concern
to focus on is the relationship between the worker’s access to public transit and the system itself.
In order to understand the relationship of the worker to the public transportation system,
one has to look at several key concepts that affect this dynamic. The concepts that one has to
view public transportation through include: accessibility, economic development, employment
potential, efficiency, social equity, and system planning policy.
Public Transportation Accessibility
Public transportation is a respected mode of travel when considering getting around an
urbanized area. It allows the movement of those who do not own a private vehicle. It also
provides an alternate mode of travel for those who own a private vehicle, but would rather not
endure the perceived social, personal, environmental, and economic cost of operating their
vehicle (Murray, Davis, Stimson, & Ferreira, 1998).
When contemplating whether to use a public transit system, let alone think of it as
reasonable to get to, the user is analyzing public transportation through the notion of
accessibility. Accessibility is generally agreed to mean the ability of a user to employ the use of a
transit service while weighing the perceived and actual costs of using such a system to transport
oneself from an origin to a destination within a reasonable period of time (Murray, Davis,
Stimson, & Ferreira, 1998). Murray and Wu take this definition a step further, and dissect the
concept of accessibility to two key elements: (1) access, or the process of getting the user from
their origin to the transit service or transit service to their destination and (2) geographic
coverage, which includes service availability and reach of the service across a spatial medium
(Murray & Wu, 2003). From these elements outlined previously, we garner an understanding of
20

it in respect to its effect on the relationship between public transit and low-income workers.
Accessibility comes into play later in the discussion when public transportation is analyzed
through the lens of efficiency, and how accessibility of public transportation is frequently at odds
with expeditious service across the geographical service area.
With accessibility deconstructed by academics, how do we convey this abstract notion in
practice; how does one determine how accessible one is to public transportation? When looking
at accessibility of transit, one needs to look at the potential transit journey in several pieces, to
derive the notion of accessibility. Those pieces include the “process” in which Murray and Wu
alluded to, to get to the transit stop, as well as the transit ride to one’s destination. Before
addressing the transit ride, one should address the journey to transit, which allows the use of the
transit services possible.
The journey to the transit stop can be a major element in one’s decision on whether to use
the service/facility, or to seek an alternative mode of transportation. To get to the facility, what is
the acceptable distance to travel to it? For the average user, the tolerance level to walk to a transit
stop is agreed to be a quarter of a mile (400 meters), before serious considerations are made
about higher perceived costs (Wu & Murray, 2005). Some researchers will either raise or lower
the tolerance level of walking based on the demographics of the user (age, gender, health, etc).
Beyond the “process” of getting to the transit service, one assesses where the transit service is
going, in respect to the geographic coverage of the spatial area in which the service operates.
Going into geographic coverage, the concept goes beyond the individual and looks at it from a
collectivist viewpoint.
As the user, you are on the transit mode of your urban area’s choice (rail, bus, subway,
etc). You are traveling across the urban landscape towards a destination. Beside you are other
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users, with different backgrounds, intents, and schedules, who are heading towards different
destinations. What about these destinations in respect to accessibility? Addressing accessibility
in respect to these destinations, one looks at the evolving urban form and the highlighted issue of
spatial mismatch theory among academics. The concept of the spatial mismatch theory was
postulated in 1968 by Kain, who was doing research of the impact of segregation, urban form,
and opportunity access. In his research, he found an urban demographic shift occurring where the
urban core was emptying out. Affluent individuals, who are cast as whites (in the racial lens that
this issue has in the United States), left the urban core for the suburb, where they could master
their destiny and foster an independent sense of affluence. Those less fortunate, cast as minorities
in the American melodrama of race relations in the 20th century, were left in the urban core, to
fend for themselves, and create a “doughnut hole" phenomenon in the urban center (Pugh,
1998). Shortly after affluent residents left the urban core, so did the blue-collar and low-skilled
job positions. As affluence developed in the suburbs, so did the need for low-skilled labor and
services, and thus the shift from the downtown to the suburb began. The phenomenon of
suburbia became the “American Way” when it came to urban development in the 1970s and
1980s, leading to spread out suburbanized regions, and the dilution of the urban core, job
distribution, and the segregation of minorities. As a result, such development allowed the car to
become king. For those urbanized centers that did remain, the “spatial mismatch” developed. A
large pool of unskilled labor lived in the urban core, but their jobs had been dispersed into
suburbia. While there remain jobs next door in the urban core, it is set aside only for skilled labor
(Pugh, 1998). In such a relationship, the unskilled laborer was hindered from soliciting any job
opportunity near their homes, and then had to explore where they could travel via the use of
public transportation.
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Another aspect of accessibility, when it comes to geographic coverage, pertains to the
destination utility. If one has to get to a specific service in town and there are several providers,
whom does one travel to? One simple logic is that one travels to the closest provider. When it
comes to distance traveled over transit, one takes into account how the utility of a destination
erodes in a negative exponential manner the further one is from this destination. On the contrary,
if there is an abundance of activity at a respective destination, this has a positive effect over the
impact the distance has on the traveler. So, re-imposing the earlier question of which provider of
a service would you go to, with the caveat that the further service provider is nested in an area of
abundant services, facilities, and entertainment and the closer service provider is in a dispersed
activity center, what destination does one go to? Depending on the effect of distance decay, one
would choose the further provider, initially, until a certain point where the perceived and actual
costs outweigh the benefits that present themselves at the said location (Levinson, 1998).
Applying this concept to public transportation and the low-income worker, one looks at the
commute to work through certain factors that govern the decision-making process; to choose a
certain mode of travel, and whether to endure a commute at all. First, applying distance decay, a
low-income worker weighs the perceived travel and time costs imposed over distance, and their
willingness to endure a commute under such condition (Levinson, 1998). Secondly, a worker
looks at the “abundance of activity” which otherwise to them would be job opportunities. Are
jobs plentiful and concentrated in a said location? Lastly, not discussed earlier but equally
important, the worker looks at the saturation of the activity, better said as the competition
between other workers seeking an opportunity as well. These three factors are issues a worker
would consider as they employ the use of their mode of travel, and specifically for this research,
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public transit, and how accessible certain geographical areas are that public transportation has
service to.
Up to this point we have garnered an understanding on what accessibility means in
respect to public transportation, and explore what it means to be accessible from the standpoint
of the “process” of getting to the transit service, and from the standpoint of the utility of the
destinations that public transportation services to. It is from here where one can look beyond the
user directly, and look at how public transportation affects the urban form, in respect to the
identified user, the low-income worker. In the next section, a review is conducted on how public
transportation impacts economic development.
Public Transportation and Economic Development
Time is money. In the urban region, systems come together to stimulate economic growth,
by bringing in goods and services together for exchange and trade. Economists preach how one
has to let the market optimize itself. The question we have in the course of this investigation is to
what end do we leave the market to do its work, especially when it involves transportation.
Public transportation systems around the world had their start as a private entity. Services were
provided to profitable routes and dedicated riders. As advances in transportation technology
brought on the car, most transportation companies were losing ridership and revenue. In a market
economy, when the consumer does not want a product or service, they discard the service. This
of course was to be the fate of public transportation, until government intervention. Government
stepped in to ensure that public transportation remained a viable mode of travel for those
individuals in a metropolitan area who are unable to own a private vehicle. Governments
employed various means to retain services, either via incentives or via subsidies, depending on
the region or country. It was and remains crucial for public transportation services to operate in
cities, in order to provide a means of travel for those users who otherwise would be shut out from
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engaging the market by their lack of automobile access. Government valued the utility of public
transportation as a vehicle of engaging and stimulating the economic market. Government found
it important to strive for an effective transport system, if it is to optimally allow the movement of
people across an urban space so as to engage socially and economically (Murray, Davis,
Stimson, & Ferreira, 1998).
Beyond the scope of the historical development of public transportation, from an economic
lens, how does transit affect economic development? Some planners and practitioners like to
apply the maxim “If you build it, they will come” when it comes to public transit projects and
creating new development. Unfortunately, in isolation, such a maxim does not hold when it
comes to public transportation and creating economic development (Mackett & Edwards, 1997).
Some researchers would correct that thought by stipulating that though public transportation may
not create new development, it provides a favorable incentive for new development paired with
other stimulant factors.
The Stifled Economic Progress for Low-income Workers
In the eyes of the transportation planner or city manager, a public transit service has been
successfully implemented in the central business district if it is stimulating business in the urban
core. There also are mode-shifting individuals who are affluent, and have switched from the car
to public transportation. In the eyes of policymakers, this is a job well done. Unfortunately, there
is still the issue of low-income workers and their economic opportunities within the urban
system. As a planner or manager, one wonders as to how it is that such a population still has
difficulties acquiring jobs, which are sprouting up in the urban core? Is the public transportation
system truly a standalone incentive for those unable to find work? One has to look at the
dynamics that forms the labor market, and how the public transportation system engages this
labor market.
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The current labor market in today’s cities is a constantly shifting one. As capital moves
around fluidly, so do the employment opportunities and the potential for low-income workers.
With the majority development happening in suburbia, most blue-collar jobs emerge and are
located to serve this development. This of course is not next door to most low-income workers
who do not reside in suburbia. For those jobs that do exist in the central city, known for its
extensive public transport access, the net blue-collar job growth has been minimal to negligible
at best (Pugh, 1998). As a result, low-income workers have to endure grueling commutes to
suburbia to make ends meet. For the lucky few who manage to find steady work in suburbia and
have reliable public transit access, those individuals only endure the commute as long as a car is
unaffordable to them. Once finances allow for a car, most individuals in these jobs leave public
transit behind. Such a behavior leads some researchers to conclude that low-income workers do
not always use public transit as a means of getting to work and accessing job opportunity, but as
a tool to garner work for a car, which then will lead to better opportunities not bound by the
extent of the public transit network (Sanchez, 1999). This of course is rare, where blue-collar
workers have ideal public transit connections and service. Most of these workers face commutes
at odd hours that make the journey to or from work impossible, due to the lack of service by the
public transit agency at certain hours of the day (Pugh, 1998). As a result, certain blue-collar
jobs go unfilled and adversely affect the economic health and vitality of the suburbs, and
conversely, there remains an unemployment problem among inner city low-income residents.
Planners are struggling with the question on how to connect blue-collar workers to
appropriate jobs. Improving public transit in the city center, between the Central Business
District and the less affluent neighborhoods only does so much good for both the city and this
specific population. Most employment opportunity in the city center caters to skilled workers,

26

with new public transit services further facilitating this trend. It would help blue-collar workers
to be able to reverse the commute into the suburbs to garner work, but the scheduling of this
work does not always coincide with the schedule of transit services. Policymakers can only try so
much to stimulate economic development in the urban center that is geared towards blue-collar
workers, through incentives towards employers. Even then, the blue-collar laborer has started to
move into the suburbs, slowly but surely, out of necessity to access opportunities (Wachs &
Taylor, 2002)
.
Public Transportation and Employment
In order for any laborer to get to work, they have to have a means of getting to work. When
cities were concentrated, small entities before the streetcar, the means of getting to work was on
foot. As the streetcar came to be, workers turned to this mode to get to work. By the 20th century,
workers had the modal options of the bus, bicycle, auto, and walking as a means of getting to
work. Each mode has an impact on labor participation and spatial distribution of living and
working arrangements. Up to recent literature, when researchers have tried to evaluate the
correlation between labor participation and spatial mismatch, it has been done through the lens of
the car, and rarely by public transportation (Sanchez, 1999).
It has been recognized in the literature that public transportation has an impact on how
low-income users can find and maintain employment. Martin Luther King Jr. argued in his
writings that the poor could get “meaningful employment” and move into mainstream America,
only when transportation systems were laid out as accessible to the poor (Sanchez, 1999). It was
this finding of inadequate access to public transportation that King wrote about and its impact
upon black opportunity. This finding was also found in the McCone commission, urging the US
government to act upon the issue (Sanchez, 1999). Meaningful action by the federal government
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on the issue of public transit accessibility for the poor did not materialize until 1991, when the
Intermodal Surface Transportation Efficiency Act of 1991 included language to improve
transportation options and connections for the “economically disadvantaged”(Sanchez, 1999).
Implementation of this federal mandate is one to evaluate on a jurisdictional basis, since funding,
constituent demand, and enforcement vary from place to place.
Looking at the relationship between public transportation and employment, one will
come to derive a theory on this relationship. If public transportation service was within
accessible range of workers, and it connected them to concentrated areas of employment, there is
a strong correlation to high labor participation and short commute times (Sanchez, 1999).
Evaluating the reality of the situation in most cities, one will find many low-income workers
living in the city center, and a large concentration of metropolitan employment in the same city
center. The mismatch occurs between this labor pool and opportunity when it comes to the skill
set required for employment. As mentioned in the previous section of this review, much of the
growing blue-collar economic opportunities for low-income workers are emerging in the urban
fringe (Sanchez, 1999). Over time, the distance between the opportunities that low-income
workers have eligibility to take, and where they live has increased. As this distance between
work and home increases for the low-income worker, the size of the labor pool decreases
negative exponentially because those who fall out of the labor pool do so out of failing to meet
commuting requirements imposed on them and the undue pressure of having to own a car they
are unable to maintain (Sanchez, 1999). For those laborers remaining in the labor pool, and
subject to extraordinary commuting conditions, most yield to the car if they are able, versus
public transit. These laborers weigh the high costs of time, fixed scheduling, monetary costs, as
well as the inflexible routing of transit as hindrance to choose public transit (Sanchez, 1999).
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The problem becomes acute when laborers are looking for a job, limiting opportunities that they
can consider (Preston & McLafferty, 1999). Not all laborers have access to cars. Sanchez points
out that only about one-sixth of low-income laborers have the ability to own and maintain a car
(Sanchez, 1999). Most other laborers stand to benefit solely from public transit services.
Public Transportation and Social Equity
Up to this point in the literature review, there has been much discussion on the aspects of
accessibility, economic development, and employment when it comes to impacts on low-income
populations by public transit. These issues have touched upon, but have not gone in depth about
the social equity issue that arises from the relationship public transit has on low-income workers.
One of the driving points when it comes to social equity in public transit for low-income workers
is the spatial mismatch hypothesis. This hypothesis, described by John Kain in 1968, states that
employment levels in the city are impacted by fluid and changing job and residential locations,
the job decentralization of the center city, and the limiting extent of public transit connection
between the fluid and changing job and residential locations (Sanchez, 1999). This hypothesis
states that economic opportunity is limited for the poor. The theory has become validated
recently, through federal efforts to reform welfare programs for urban metropolitan areas (Pugh,
1998).
In a study done by Orski in 1998, research found that 40 percent of suburban blue-collar
jobs, which are the new job opportunities low-income workers are qualified to take part of, are
not within accessible range of public transit routes and services (Cervero, Sandoval, & Landis,
2002). Another study was done in Boston, concentrating on low-income users in the Temporary
Assistance for Needy Family (TANF) program. It was found that 98 percent of these TANF
recipients could access transit from home and go into the center city, but most do not qualify for
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center city work. On the contrary, 65 percent of blue-collar job growth has occurred in suburban
car oriented Boston (Cervero, Sandoval, & Landis, 2002).
Within these efforts to reform welfare and observing this spatial mismatch of the lowincome worker and the opportunities they seek, researchers find that there is no uniform formula
on how spatial mismatch affects metropolitan areas. It can be stated that each urban area has
their unique spatial mismatch experience; varying job suburbanization and decentralization,
centralization of poverty, and inefficient public transportation for the low-income population
(Pugh, 1998). The McCone Commission, highlighted earlier, is another validator of the spatial
mismatch theory. This 1965 commission, founded to investigate race riots in Los Angeles, found
poor transit accessibility as an instigator for high unemployment among blacks. Even though
these findings were crucial towards civil rights and awakening the federal government towards
the issue of public transit accessibility, the commission report is not without criticism. Some
critics charge that for public transit to become effective, serious consideration has to be brought
towards the round-trip commute from home to work (Cervero, Sandoval, & Landis, 2002). On
the polar end of the issue, critics charge public transit as a negligible mobility option for all.
Public Transportation Efficiency
Up to this point, the discussion on public transportation and low-income workers has been
on the social impacts on the individual and on the urban society context. Shifting gears, one has
to look at the delivery of service as well as the planning process of new and revised services
from the perspective of low-income users. When it comes to the delivery of service by the transit
system, the user is going to be concerned about the efficiency of the service. The user considers
whether the costs and benefits are to their advantage to use public transportation for their journey
to work. To better assess public transit efficiency, one has to revisit the concept of accessibility.
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In the beginning of this review, accessibility was defined from the perspective of the user.
Murray and Wu earlier defined accessibility as access and geographic coverage. Access, or the
process of getting the user from their origin to the transit service or the transit service to their
destination, is paired with geographic coverage, which is service availability and reach across a
spatial medium (Murray & Wu, 2003). From the perspective of transit service efficiency, access
and geographic coverage prove contradictory. Applying access to efficiency, a transit agency
will have to implement stops to provide a facility to enter/exit the transit service. The more
transit stops there are on the transit system, the more accessible the system is for its users
because of an acceptable walking/driving distance to a station. As a result, the more entry points
into the system translates to more riders willing to use the network.
On the contrary, geographic coverage encompasses the geographic extent of the service
across time. The number of stops and the flow of traffic dictate travel time for the transit service
provided. Increasing the number of stops to provide facility service access conversely affects
geographic access by increasing travel time. The more stops there are on the route, the more
delay is incurred due to dwell time and slower travel speeds (Murray & Wu, 2003). Because of
geographic coverage accessibility, ridership decreases as travel time increases and compared to
other modes of travel. When it comes to service efficiency, planners need to balance service
access and geographic coverage by manipulating stop spacing, in order to reach optimal service
delivery efficiency.
Achieving efficiency for a public transit system is a difficult process, involving not only
manipulating stop spacing for geographic coverage and facility access, other factors, such as
travel time, route configuration, route service delivery time, and development density. Stop
spacing is a key element in the efficiency of service. According to the Federal Transit
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Administration (1996), the ideal stop spacing for transit is 600 feet (180 meters) for the
downtown core, 750 feet (230 meters) for urbanized areas, and 1000 feet (300 meters) for
suburbanized areas. This ideal stop spacing will vary by metropolitan area and mode of travel,
ranging from spacings of 600 feet to 2000 feet (200-600 meters). By implementing more stops
along the service route, the user’s trip to the stop is shortened, whereas sparsely spaced stops
increases travel speed of the vehicle and has the additional benefit of using a smaller transit fleet
and lowering operational costs (Murray & Wu, 2003).
Route configuration has quite the impact on service efficiency upon the user, especially
those of the low-income strata. Many urban transit systems can boast efficient and frequent
transit service in their urban core. This benefits many of the low-income users who live in
downtowns and it is economically efficient, compared to using the auto (Levinson, 1998). The
side effect to this though is that these same services fail to provide service to the growing
demand of dispersed trip origins and destinations, such as the decentralized blue-collar
workplace, which is where many low-income workers are trying to get to for work (Sanchez,
1999). Because of either no service out to these suburban blue-collar jobs, cumbersome and
elongated routing, or unavailability of service during non-traditional employment hours, most
users would easily identify their mobility based on the auto and avoid the use of public transit if
possible (Sanchez, 1999). Furthermore, to the detriment of public transit, most metropolitan
areas exhibit cross-jurisdictional commuting. Within the cross-jurisdictional commuting using
public transit service, service coordination for effective transfers and commute to/from the
suburb from/to the urban core or between the different suburbs and jurisdictions is generally not
available (Pugh, 1998). Despite their preference of defining mobility by the auto, most lowincome workers are not in a position to use this mode of travel to address their mobility needs.
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This is a result of the building costs of owning an auto: insurance, maintenance, fuel, and other
hidden costs with the commute to suburban work (Pugh, 1998). As a result, most low-income
workers are subjected to the commute to work on public transit systems, incurring social and
economic costs to get to/from work.
Looking at system efficiency of transit systems, there are constraints that are devaluing
the effectiveness of transit. From a fiscal perspective, public transit services in the United States
and some parts of the world are heavily subsidized (Wachs & Taylor, 2002). This is the result of
low ridership and high costs, causing transit to be unprofitable. Transit systems are required to
provide service to all populations in a metropolitan area while maintaining costs. Eying new
ridership and tax base, transit systems have heavily focused expansion of service in suburban
areas and geared towards the urban core commuter through projects like commuter rail and
express bus (Wachs & Taylor, 2002). This trend has taken its toll on urban center transit
services and transit budgets through changing transit agency priorities and decisions. Resulting
from this change in service provision, tied with declining federal support, there has been the rise
of maintenance and operating costs and the demand by transit agencies to overcome deficits by
increasing transit fares (Wachs & Taylor, 2002). Unfortunately, these efforts only have allowed
transit services to retain flat-lined levels of ridership at best, though indicating an increase in
recent years due to changing energy policies and affordability of automobile use (Miller, 2008).
By raising transit fares, it hinders transit affordability for low-income users, as well as decreases
system productivity. These effects on transit systems are due to the effort to cover an evergrowing urban landscape. Because of these factors, public transit systems have been on the
decline, employment centers are increasingly distant from transit services, and low-income

33

workers are imposed undue challenges seeking and maintaining employment opportunities
(Wachs & Taylor, 2002).
The efficiency of transit services has not only a fiscal and technical element, but also a
social element. Public transit has the disadvantage of maintaining fixed schedules and fixed
routes, which is to the detriment of some users. For some users, there are the undue burdens of
balancing the commute and work with the needs of maintaining a family. Such duty bears
responsibilities of getting children to school or daycare, and allowing time to bond with family
(Cervero, Sandoval, & Landis, 2002). The needs that users have are not normally met by the use
of transit service, which is oriented in getting users from home to work and back only, and is
inflexible in deviating from that purpose. Furthermore, the auto-oriented nature of industrialized
societies has allowed for the availability of free or low cost parking, which is not contested by
public transit via low cost or free transit passes (Cervero, Sandoval, & Landis, 2002).
What can be observed from the perspective of the user, is weighing the costs and benefits
of transit or auto. Things that will come to mind on the user are that transit service involves more
travel time, inflexible, and infrequent service compared to the auto. According to H.S. Levinson
(1983), travel time by bus tends to be on the order of 1.5 times longer than by auto, and travel
speed is half of what autos normally do (Wu & Murray, 2005). Regardless of these and earlier
notions introduced about efficiency in public transit, it comes down to the user’s perceived value
of time, distance, and money that will guide their decision-making to use or reconsider public
transit with other modes of travel.
Despite all of these aforementioned detrimental effects on public transit effectiveness, it
can be documented that there are still a significant ridership that use public transit to work.
According to a report prepared by Newman and Kenworthy (1999), 9 percent of work trips are
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done by transit in the United States (Murray, 2003). This of course has risen a few percentage
points in recent years, as the result of rising fuel prices and car maintenance costs (Miller, 2008).
Despite the inefficient service that public transit may provide, it provides a major service in
optimizing traffic flows in urban areas by removing potential auto ridership and accommodating
greater ridership at a lower economic cost.
Public Transportation Planning
Attributes to Consider
In designing a public transportation service, there are multiple things to consider, in order
to address impacts on socio-economics and efficiency of service. According to Murray et al.
(1998), transit planners should consider the following in designing a public transit system:






Trip purpose
Temporal distribution of trips
Spatial Distribution of trips
Modal splits of Travel
Travel costs
These factors shape the infrastructure in both the short-term and long-term delivery of

service. They also will impact land use, social demography, and the environment (Murray,
Davis, Stimson, & Ferreira, 1998). Public transit has moved to the forefront in recent years in
community ballot boxes and discourse, due to education and awareness of sustainability, higher
fuel costs, issues of congestion, and social welfare for low-income users (Murray, Davis,
Stimson, & Ferreira, 1998).
Planners face barriers in providing transit services for low-income users. A major barrier is
decentralized blue-collar employment. Transit service is most effective when ridership and
employment are concentrated. Dispersed employment increases the cost of providing transit
services and may lead to decreased ridership among the targeted population, due to infrequent
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service and shorter hours of service. Beyond higher costs in providing service to dispersed
employment locations, there is the added problem that employment locations are not static.
Transit planners are always playing catch up in providing transit services towards these
employment centers that have no guarantee of permanency due to market forces. (Sanchez,
1999). Added to this constant catch up phenomenon is undue pressure from users and the
economic market for more rapid and real-time changes to services, which is unattainable for
public transit systems to provide (Modarres, 2003). This leads to a question of the
appropriateness and feasibility of fixed routes and fixed schedules in the transit market, but that
is beyond the scope of this literature review.
If transit planners manage to establish some level of transit service to these decentralized
employment centers, the next challenge is providing service for users with varying schedules.
Most transit systems orient their transit service in the urban core to be constantly running, due to
concentrated residential populations. In suburban employment locations, most transit services do
not operate beyond traditional working hours due to low demand. These schedules runs contrary
to the needs of blue-collar workers, who may have non-traditional work schedules, have
domestic emergencies, or have other family responsibilities such as childcare responsibilities for
low-income mothers (Pugh, 1998).
Political Realities of Public Transportation Planning
In an ideal world, transit planners create a transit system free of regulations and outside
policy makers. Unfortunately, that ideal is just an alternate reality. The environment
transportation planners and policy-maker conduct their work is a heated political environment,
complete with elected politicians and voting enabled constituents. Much of the planning that
goes into public transit service is governed by goals and policies set through political entities and
technocrats who impose unrealistic standards. Long-range plans and standards of service such as
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stop spacing (which have studies supported by academic research) are subject to political
manipulation and varying political agendas (Murray, Davis, Stimson, & Ferreira, 1998).
Furthermore, transit agencies operate as a social service and private enterprise. Transit
agencies face lower ridership annually and decreasing revenues yet they need to provide a
diversity of services to a variety of transit users. On top of these problems, transit agencies face
political entities to approve new transit services. Agencies face an uphill battle validating and
sustaining arguments for such services like suburban transit service in the face of the autooriented mentality (Sanchez, 1999). Politicians and the voting constituency only support new
transit development if the funding originates from the state (provincial) or national level of
government or a locally supported tax, and if the local benefit/cost ratio is very high (Mackett &
Edwards, 1997). At the same token, voting constituencies block the cutting of underperforming
services (Sanchez, 1999). In this political climate, transit service providers are always in search
of national funding and subsidies for their services and new project, and pitch such project and
services with optimistic forecasts for ridership and revenue, in hopes of seeking project or
service approval ((Mackett & Edwards, 1997). Transit agency planners overlook in their
proposals before policymakers that their numbers are generated in isolation from the rest of the
metropolitan transportation network (i.e. automobiles) (Mackett & Edwards, 1997).
Beyond the scope of local politics imposing on the work of transit planners, there are the
overhead policies from state and national government. Policy makers attempted to address access
of low-income users to employment from federal enforcement of the 1996 Personal
Responsibility and Work Opportunity Reconciliation Act. Under this federal legislation, lowincome users face losing welfare benefits if they do not find work. As described in earlier
sections, dispersed job opportunities, complicated and long commutes, unreliable service under
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normal or reverse commute conditions, and other issues hinder the ability of this population in
getting work (Pugh, 1998). Policy makers have been pushing for quick fix projects that provide
specially tailored bus or van routes for low-income workers to reach blue-collar employment. On
top of these quick fix projects, not much in the way of long range planning or consideration for
economic and demographic shifts is demonstrated for these projects (Pugh, 1998). This leads to
haphazard programs with no sustainable funding or implementation plan.
Methods of Improving Service Delivery
Based on the political realities imposed on transit planners in devising transit services, is
there flexibility to improve services? Fortunately, there is room for improvement of service
delivery. One of the first things to consider in improving transit services is to incorporate
“incremental and systematic change” (Pugh, 1998). Much of the failings of new transit services
are to implement major policy departures from their normal operations. Implementing new
services that are not sustainable in their urban environment, but only doing so because of funding
for new systems of transit is not a way transit agencies should do business. What results from
these projects that fail to implement to their full potential is the disdain of the public using such
service, removal of funding for such service, and increasing costs and devaluing assets from such
projects.
Furthermore, implementing “special” projects to benefit specific groups, such as lowincome users, has its issues as well (Pugh, 1998). By providing benefits to one group, another
defined population may arise and contest its validity, let alone not allow the selected group being
helped from advancing in step with the rest of the urban social demographic (Pugh, 1998). To
better address the issue of low-income user accessibility and mobility, focus should be geared
towards mapping out the spatial mismatch problem in each urban metropolitan area (Pugh,
1998; Murray, 2003). From this, a plan can be devised to address these spatial gaps of
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opportunity using transit that can benefit in the long-term health of the transportation system,
urban economy, and social fabric.
In order to promote change in transit planning, planners have to change their mentality of
urban development. Up to this point, the view on urban development is to revitalize the urban
core, or improve low-income access to jobs in the periphery, in an either/or conundrum. Planners
need to focus on stimulating economic opportunities in the urban center, while at the same time
providing for affordable housing in the periphery to address the periphery’s need of an bluecollar labor market (Pugh, 1998). Furthermore, policy makers should push to balance the burden
of the labor market from the blue-collar worker to the employer and not allow a “demand driven”
treatment to labor (Pugh, 1998). In the current interaction, employers benefit from lower costs
by moving out to the suburbs, and still maintain the same need for blue-collar work. Similarly,
low-income workers living in the city center are penalized by the labor market through the high
costs of commuting to the suburbs to benefit these blue-collar employers and without the sense
of job security or decent compensation (Pugh, 1998). Beyond the scope of public transportation
planning, land use planners need to impose incentives for employers to move closer to the urban
center/cluster, if even just the inner periphery of the suburbs, so that transit service providers can
make a decent attempt in providing service and access for low-income users.
Summary
Over the course of this review of the literature, public transit has been defined,
deconstructed, and reinterpreted through different lenses, with the objective of conceptualizing
the framework of how public transit is interrelated to the low-income worker.
Accessibility was defined as comprising of access and geographic coverage. These two
elements of accessibility contradict each other in their effect on user perceptions of access, yet
are elements that if balanced correctly, can harness an efficient transit system.
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Spatial mismatch was discussed as a hypothesis that affects both the accessibility of lowincome users, and the economic development of an urban area. The hypothesis stipulates that
there is a spatial distance gap between population concentrations, qualified employment
opportunity clusters, and transit services. Because of this mismatch, low-income workers incur a
higher social and economic cost within their commute on public transit, reinforced by the
inability of this population to own a private automobile.
Lastly, there was an overview of the planning process of public transit systems. There are
several attributes to consider when developing a transit system, but are subject to a political
climate of challenging policy makers and a voting constituency. To overcome these planning
shortcomings, transit planning has to make a departure from providing services to specialized
groups and implementing non-incremental policy. Transit planners have to move towards
systematic and incremental policy changes, as well as focusing on how to mitigate the spatial
mismatch issue within their respective jurisdiction.
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CHAPTER 3
METHODOLOGY
Introduction
Several issues come to the surface when exploring public transit system accessibility from
the perspective of low-income users. The objective of this research is to define the concept of
public transit accessibility, develop any typologies in public transit accessibility, and explore the
underlying factors that lead to the development of these accessibility typologies. It is from these
parameters where we stand to gain an understanding of the overlying issue of public transit
accessibility, and provide feedback and recommendation for transit agencies of urbanized areas
to address this issue from the viewpoint of low-income workers / users, and help address other
underlying socio-economic disparities, which are beyond the scope of this research.
Defining the Parameters
Before delving into the tools necessary and the indicators to define trends, the parameters
of this investigation had to be set. To explore public transportation accessibility for low-income
users, the method used in this investigation was a dual non-experimental case study analysis
using retrospective assessment of the transit system operations in two case study cities.
This research investigated transit access for employment in two middle-sized, second-tier
metropolitan regions in the Americas. The two case studies used, were selected from the
following criteria:


Is the city located in the Americas?



Does the city have a population between 2.5 and 4 million within the metropolitan area?



Is the city considered a second tier city within their respective country?
o Is the city not the national capital or primary economic center of the country?



Does the city have an established public transit system developed within the past fifty (50)
years?
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Does the city have a median income (per capita income if median income not available)
level above the national average of their country?



Does the city have economic diversity among their population, but have no more than a
quarter (25%) of their population defined under the poverty line?



Does the city have available statistical and geospatial data?
Within all the case studies, it is crucial to ensure that each case city exemplifies positive

population growth and a matured, but not antiquated transportation system. For example, in New
York City, the public transit system has matured, but has also existed for over one hundred (100)
years.
Using the initial requirements of being a metropolitan area within the Americas with a
population between 2.5-4 million, the following cities were identified and compared against the
selection criteria.
Table 3-1 Case study selection pool: Selected cities of the Americas [Source: Thomas
Brinkhoff: City Population, http://www.citypopulation.de]
City
Seattle
Brasilia
Recife
Montreal
Fortaleza
Salvador
Medellín
Curitiba
Minneapolis
Santo Domingo
San Diego
Campinas
Saint Louis
Tampa
Denver
Cleveland
Santiago de
Orlando
San Juan

Country
USA
BR
BR
CA
BR
BR
CO
BR
USA
DR
USA
BR
USA
USA
USA
USA
CO
USA
USA

Metro
Pop (Mil)
3.950
3.875
3.850
3.750
3.650
3.650
3.550
3.475
3.450
3.150
2.975
2.900
2.850
2.825
2.800
2.775
2.750
2.750
2.700

City Pop
(Mil)
0.593
2.557
1.711
1.621
2.431
2.949
2.223
1.797
0.373
2.084
1.367
1.059
0.356
0.337
0.599
0.478
2.068
0.228
0.434
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A

2.5

<

2nd
Tier

PT

G+

MI

ED

D

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X

X

X

X

X

X

X

X

X
X

X
X

X
X

X
X

X
X

X

X

X

X

X
X
X
X
X
X
X
X

X
X
X

X
X
X

X
X

X

X
X
X

X
X
X

X

X

Where:
A
PT
G+
2.5+
<4
MI
ED
D

City within the Americas
Mature Public Transit system with major development within 50 years
Positive population growth
Population above 2.5 million
Population below 4 million
Median Income (or Per Capita Income) above national mean
Economic Diversity
Data availability

The table presented above highlights the process of selecting the two case studies. The
process first gathered the selected potential case studies based on being cities within the
prescribed population range and within the Americas. From there, through a process of
elimination by way of the selection criteria, the case studies of Curitiba and Seattle emerged.
Denver and San Diego had data available for analysis, yet were eliminated. What set both
Curitiba and Seattle apart was data availability. The city of Campinas was also a potential case
study, but was removed from consideration due to the economic disparity within its population
and the reality that the city acts as a suburb of the greater São Paulo metro area.
Evaluating the Case Studies
To evaluate accessibility of low-income users to the selected public transit systems, the
approach pursued a two-tiered analysis placed in context by the historical, demographic, and
socio-economic policies and trends of the case studies. The two tiers: (1) statistical and (2) geospatial, try to convey where populations, employment, and transit services are located in relation
to each other, then transition to studying their relationship and how they impact the core question
of accessibility (framed to an agreed definition of access and geographic coverage) to transit by
low-income working populations.
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Statistical Analysis
In this tier, statistical trends of the metropolitan area population were evaluated. This tier
looked for general statistical issues in the metro area that address the access component of
accessibility. This level of analysis tries to outline where elements of the case study are and their
associated aggregate value (i.e. population, employment, and transit stop density). The only
drawback to statistical analysis is that it do not give a detailed story about geographic space,
roadway / transit network, zoning, and physical barriers that either promote or hinder public
transit access. Furthermore, according to Sanchez (1999), general statistics does not do justice to
the issue of spatial mismatch within an urban area. Statistics pertaining to commute times are
skewed, since low-income workers employ the use of public transportation and endure longer
commutes. As for statistics comparing workers with availability of jobs, it goes along the line of
contemporary discrimination, and one has to be careful as to how one presents their statistics.
Population trends
Within the scope of population trends and in the context of the research question, the
researcher needed to know where the low-income populations were located. For geographical
comparison, high-income population concentrations were also identified. Knowing population
numbers for the individual neighborhoods identified in the case study, high-income population
concentrations were identified as having the lowest proportion of low-income households within
the neighborhood. For purposes of the analysis, the neighborhoods considered beyond one
standard deviation below the mean ratio of low-income to total households were selected as
high-income concentrated neighborhoods in the case studies.
In identifying low-income population concentrations, it was evaluated in two ways. One
such way to view low-income population concentration was to look at it from the perspective of
the ratio of the low-income population to the total population of a neighborhood. For purposes of
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the analysis, the neighborhoods considered beyond one standard deviation above the mean ratio
of low-income to total households were selected as low-income concentrated neighborhoods in
the case studies.
Another viewpoint to evaluate low-income population concentrations was to evaluate the
ratio of low-income population in a neighborhood to the total low-income population in the case
study city. In this viewpoint, the neighborhoods with the highest distribution ratio of low-income
population in the municipality were selected until the ratio sum equaled the municipal lowincome average.
Employment trends
In the frame of the research question, the study was to focus on the low-income worker.
The earlier population trends analysis identified where one can find concentrations of lowincome workers in the municipality. The next step in the analysis was to evaluate job availability
trends within the case study. This step of the process identified job opportunities that exist within
the limits of the case study.
To evaluate job availability within the municipality, employment trends within the
neighborhood limits were considered. If data permitted, defined employment values in sum and
by commercial and industrial sector were interpreted. If data was not available on defined
employment opportunities within a city, job availability was estimated from parcel data
information. In estimating job availability by parcel type, the following figures were used:



Commercial Establishments: 1 Job / 100 Square Meters (1 Job / 1000 Square Feet)
Industrial Establishments: 1 Job / 45 Square Meters (1 Job / 450 Square Feet)

These numbers to estimate jobs are averages debated among planners in an Economic and
Community Development forum in Cyburbia (Anglais, 2006). These numbers only help to
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provide a rough estimate of jobs per parcel, so that absolute job concentration and relative job
concentration values could be estimated and then interpreted. Noting an assumption made at this
juncture of the methodology, the service industry jobs are lumped in with commercial jobs. The
rationale behind this interpretation was due in part as to how to assign service industry parcels.
Most service industry parcels are zoned similarly as commercial. Though there are varying
zoning levels within the general commercial zoning type, no clear distinction can be made for
service jobs, let alone trying to compare results between the two case studies with two distinct
zoning codes that do not correlate directly.
When evaluating job availability, one can study trends from two distinct viewpoints. One
such viewpoint is to evaluate job availability by absolute job numbers. Where are city’s jobs in
sheer numbers? In the analysis, neighborhoods with job numbers one standard deviation above
and below the mean number of jobs were categorized as high and low absolute job concentrated
neighborhoods respectively. Job availability also can be looked at, relatively. Of the jobs within
a select neighborhood, how many people within the neighborhood have the potential to compete
for the job? This analysis looked at the general population numbers, and not specifically at the
workforce population in each neighborhood, for it is hard to distinguish of that workforce, who is
classified as low-income. In the analysis, neighborhoods with job numbers one standard
deviation above and below the mean ratio of jobs to population were selected high and low
relative job concentrated neighborhoods respectively. Identifying as a high relative job
availability neighborhood, the population to job ratio is relatively low, indicating a surplus of job
opportunities in that neighborhood.
Another trend to consider in employment trends is to look into the details of the sector
job availability. Of the jobs available, which jobs are in the commercial sector versus the
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industrial sector? Low-income workers are able to take on an industrial job, which requires lowskill, untrained labor that has on-the-job training, versus the skilled educated labor required in
the commercial sector. With this assumption, the selection of neighborhoods above one standard
deviation from the mean number of sector jobs were identified with specialized concentrations in
industrial versus commercial employment. From this selection, correlation with population
patterns and transit access were assessed.
Transit availability
The crux of the research question involves evaluating public transit accessibility for lowincome workers in the select case studies. Up to this point, analysis has been made on where
populations live in a city, and where jobs are located in a city. The next analysis that goes over
general statistical trends within the case study is transit stop availability. Which kind of transit
stop densities exist within a neighborhood? To evaluate this attribute, stop densities was assessed
by several characteristics. Transit stop density was assessed, based on population density and
employment density. Estimating transit stop density by population density, the results yield a
relationship between the number of stops located within population clusters. The same process
can be outlined when it comes to employment density. Selecting the highest and the lowest
transit stop densities based on the relationship to population and employment density should be
made by evaluating neighborhoods with values above and below one standard deviation from the
mean.
Geo-Spatial Analysis
The second tier of the research analysis is a geo-spatial analysis. This tier of analysis
focuses into more detail the aspects of public transit accessibility. The statistical analysis piece of
this research focused on general trends and tried to explain where people, jobs, and stops are
located in the spatial medium. Geo-spatial trends analysis provides an extension of the statistical
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analysis that is conducted on the data. Geo-spatial analysis allows statistics to have meaning over
space. The geo-spatial analysis also explores an interactive relationship that exists getting
to/from a transit stop, and using the transit system across the case study city. This analysis allows
policy-makers and planners to focus on select areas where public transit access is limited, and try
to look at policy, geography, and socio-demographics to explain the lack of access.
Transit stop walkability
The initial measures of public transit accessibility within the geo-spatial context is transit
stop walkability. In this step of the analysis, we look to explore the average travel distance within
a neighborhood between each parcel and a transit stop. The parcels being analyzed have been
segregated to residential, commercial, and industrial parcels. Parcels and transit stops are
assigned a set of coordinates to be located within the coordinate plane. These coordinates are
then be used to calculate the distance between parcels and stops. One type of distance measure is
the Euclidian distance measure. Euclidian distance is synonymous with the distance that
measures “as the crow flies.” The other distance measure to be used is the Manhattan distance
measure. The Manhattan distance measure tries to replicate distance between two points,
assuming a grid system that can be found in the Manhattan borough of New York, New York.
The respective distance measures can be calculated by:


Euclidian:



Manhattan:
Y2)

Square Root( ( Point X1 – Point X2)2 + ( Point Y1 – Point Y2)2 )
Absolute Value(Point X1 – Point X2) + Absolute Value ( Point Y1 – Point

Once each parcel and transit stop had their coordinates established, parcels were then
assigned to the nearest transit stop. Using ArcGIS, the “NEAR” function performs this task and
assigns each parcel the respective information of the closest transit stop. Once this is done, one
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can calculate the Euclidian and Manhattan distance between the parcel and its assigned transit
stop, using the parcel and assigned transit stop coordinates.
After transit stop distances are calculated for each parcel, one can then provide an
average distance to transit from the perspective of the parcel within a neighborhood. Another
transit distance perspective exists as well; the distance from the transit stop to parcels. In this
alternate viewpoint, one has to summarize parcel to stop distances by the bus stop, and then
summarize the average bus stop to parcel distances by neighborhood. This ensures that both the
walk to transit and the walk from transit are analyzed, since the average trip distance between
stops and parcels may vary. In interpreting the resulting average walk distances between transit
and parcels within a defined neighborhood, one should evaluate the parcel to stop distance
averages before evaluating the stop to parcel distance, and evaluating Euclidian distances before
Manhattan distances.
The walk distance from parcel to transit tries to convey an important piece in accessibility
and using the system from the beginning. If the walk to transit from the starting location is
beyond the defined walking threshold, then there is an impediment to accessibility to use the
system, than it would have been if one was using the system, and then evaluated the walk
distance from transit stops to parcels. Euclidian distance has hierarchy over Manhattan distance,
for it assumes ideal walk conditions “as the crow flies.” If the walking distance is beyond the
threshold in the Euclidian viewpoint, then there is an obvious accessibility issue to the transit
stop. Manhattan distance is used in the analysis to scrutinize Euclidian distance and provide a
more realistic distance measure over a network. The ideal measure, network distance, measures
distance along the network. Unfortunately, network distance calculations per parcel are
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complicated and very time and resource consuming. Therefore, they were not calculated in this
study.
Transit stop walkshed coverage
The next step in the geo-spatial analysis of transit accessibility is to evaluate the
walkshed created from the transit stops. A network distance walkshed is created using ArcGIS
network analyst. Using the street or pedestrian network (depending on data availability) as well
as the transit stops, network distance walksheds are generated. The walksheds are created to
extend to the maximum walking distance threshold, which for this analysis is established at a
quarter-mile or 400 meters. Use of the street network in creating walksheds assumes that the
street network is an exact replica of the walking environment. It also assumes that all transit
users will walk to a transit stop, instead of driving to a transit stop. Furthermore, assumptions are
made for ideal walkable conditions in generating the walksheds. It is beyond the scope of this
research to study the detailed walkability to transit stops and the barriers and impedances, which
can affect such walkability and the generation of these walksheds. Once the walkshed for the
transit stops of the case study is generated, one can then do some statistical analysis on the
neighborhood. One can evaluate the area within the neighborhood that the walkshed covers, the
number of parcels covered by the walkshed in relation to total parcels in the neighborhood. From
these statistical results, relationships can be established with job concentrations and low-income
population concentrations.
Transit travel time
The final step of the research process that addresses public transit accessibility is the
evaluation of travel time within the public transit network. The literature discusses accessibility
encompassing the concepts of access and geographic coverage (Murray & Wu, 2003). Most of
the analysis to this point has been heavily focused in answering accessibility from an access
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point of view. Evaluating travel times in the transit network is an attempt to answer accessibility
from a geographic coverage point of view.
The question this analysis seeks to answer is: Given a period of time, how far can one get
within the transit network? To conduct this analysis, several assumptions have to be made. One
assumption is that one travels along the network at the average transit system travel speed, as
prescribed by either the local transit agency or the literature. Traveling along the network, it also
assumes ideal travelling conditions for the transit vehicle. The analysis does not completely
accommodate for the number of stops or traffic incidents, which can impede the progress of the
transit vehicle. By using the system average travel speed, it tries to mitigate the various factors
that can enhance or hinder travel time. To create transit system coverage over time, one has to
employ the ArcGIS network analyst application. Using transit stops and the transit routes, one
can create service area lines from the transit stops based on the prescribed distance that a vehicle
can cover by a specified period of time. One has to estimate what these distances are, based on
the average travel speed of the transit network, and create a value of how far the vehicle can
travel in minutes. For example:



Average system travel speed: 15 mph
15 miles/hr * 1 hr/60 min * 5280 feet/1 mile = 1320 feet/minute
Knowing how far the vehicles in the specified transit system can ideally travel in a given

minute, the researcher can then create distance benchmarks, based on the time benchmarks they
want to establish. For purposes of this investigation, time benchmarks are to be set in five (5)
minute intervals until one (1) hour has been reached. Network analyst is then used to create
distance isochrones along the network. The development of time isochrones, or a line joining a
set of points at equal travel time from a specified location, defines the maximum extent a traveler
can travel the transit network within a given time period (O'Sullivan, Morrison, & Shearer,

51

2000). After all the isochrones are drawn for the designated increments of time, one can then
attribute the isochrones to the origin stop, which then can be attributed to the appropriate
neighborhood.
Furthermore, if one wants to take time to study specific low-income neighborhoods in
question, one can extract travel lines from the time increment isochrones files, which have an
origin in the neighborhood in question. From these isochrones, a “time catchment” map can be
generated, to overlay the time isochrones on the municipal map; for the neighborhood being
scrutinized, and give a visual definition of the time cost that transit users will experience using
the transit system. These time isochrones can also be overlaid on the neighborhoods identified as
having high concentrations of jobs within the case study to hone in on the relationship of the
commute to the job location from the origin neighborhood.
Data Requirements
To conduct this investigation, especially the geo-spatial analysis portion of this
investigation, certain data sources will be needed for analysis. Such data files and sources that
would be required for this research include:


Municipal Limits – demarcation of extent of geo-spatial research and analysis



Census Blocks or neighborhood demarcated areas –for demographic information on the
specific area (small unit of spatial statistical analysis that remains manageable).



Parcels – base residential or employment locations



Road Network – to emulate the pedestrian network, and assess distance to transit stops
from parcel locations.



Public Transportation stops – to analyze walkshed catchment access to stops from parcels.



Public Transportation routes - to use routes in a network analysis to generate isochronal
catchment areas.
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Data for the statistical analysis will emerge from a demographic databank for the City of
Curitiba, which has census data down to the neighborhood level. The same data can be acquired
from the US Census and the City of Seattle GIS department for Seattle.
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CHAPTER 4
CURITIBA: A CASE STUDY OF PUBLIC TRANSIT PLANNING IN LATIN AMERICA
Introduction
Curitiba is a bustling metropolitan city located in southern Brasil. As the capital of the
southern state of Paraná, the Municipality of Curitiba is home to approximately 1.8 million
residents, of which the majority are of various European ancestries (Instituto Brasileiro de
Geografia e Estatistica, 2002).

Figure 4-1 Curitiba, Brasil in relation to South American geography. [Map Provided by
Urbanização de Curitiba, S.A., © 2007.]
Encompassing 75 “bairros” or neighborhoods, the municipality covers approximately
166.4 mi2 (430.9 km2) of area (Instituto Brasileiro de Geografia e Estatistica, 2002). The city is
home to an economy revolving around the urban service industry, manufacturing, and refined
agricultural products such as packaged foods and agricultural machinery. Noted for a vibrant
industrial sector, Curitiba boasts a niche in auto manufacturing, which is lauded for its advanced
technology, and providing 17,500 jobs in the metropolitan area (International Society of City
and Regional Planners, 2004). It operates as a second tier city in Brasil, being influenced by the
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socio-economic activity of the nearest major city, São Paulo, 150 miles (250 km) to the northeast
(Macedo, 2004).

Figure 4-2 Curitiba’s 75 Municipal bairros (neighborhoods) [Data Source: IPPUC, 2009]
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Curitiba has come to prominence on the global stage for its aggressive ecological and
transportation planning. Under the leadership of prolific mayor Jaime Lerner, this city has
embarked on investing in green space and environmental protection programs for its citizenry, as
well as constructing and prioritizing on public transportation in the municipality. As a result,
Curitiba is lauded as a “shining” example of planning, and boasts of the highest quality of living
in Brasil (Macedo, 2004).
Historical Background
Curitiba got its start in 1693, when it was organized into a village, where it served as a
travel point between the larger cities of São Paulo and Rio de Janeiro to the Northeast and
Buenos Aires to the southwest. Until the 1950s, Curitiba had a strong agricultural heritage and
small commercial hub, which was cultivated by the immigration pool pouring into Curitiba in the
19th century (Macedo, 2004). After the 1960s, which was hallmarked by the automation and
mechanization of the agriculture industry, much of the rural populations near Curitiba started to
pour into the urban center. Dense urban core neighborhoods became commonplace during this
time, where Curitiba started to put pressure on its urban form. As a result, city planners and
politicians were faced with a burgeoning question as to where to take the city development into
the future. It is fortunate for Curitiba that they had a rich heritage of zoning and land use policies
dating back to the 19th century, and are adaptive to the times.
Zoning in Curitiba
Zoning in Curitiba started early in its history, with the first plan for the city being laid out
in 1855 by Pierre Taulois. The Taulois plan arranged a small growing city into city blocks and
improved urban circulation (Macedo, 2004) (Instituto de Pesquisa e Planejamento Urbano de
Curitiba, 2007). In 1886, Curitiba took steps to improve sanitation and curb urban flooding, by
converting a sector of the city that is flood prone, into the first city park; Passeio Público. Zoning
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in Curitiba does not get an uplift until 1943, under the leadership of Alfred Agache, who
designed a city plan around urban functions, urban expansion, housing services, and a redesigned
road network. The 1943 plan in its final form was a concentric organization to the city (Macedo,
2004). A balance of zoning between commercial, industrial, and residential zones was relatively
even within Curitiba (Instituto de Pesquisa e Planejamento Urbano de Curitiba, 2007).

Figure 4-3 Agache Plan of 1943 [Map Provided by IPPUC, 2007]
Unfortunately, the Agache Plan did not hold due to a ballooning population in Curitiba,
which was growing approximately four percent a year between the Agache plan and 1965
(Transportation Research Board, 2003). Because of this growing population and a city plan
unable to meet the demands of the burgeoning population growth, IPPUC, the municipal
planning agency, was organized in 1965. The first task for IPPUC was to devise a new plan for
the city, which at that time focused development around transit corridors, instead of developing
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transit around development (Instituto de Pesquisa e Planejamento Urbano de Curitiba, 2007).
The 1966 plan developed by IPPUC, proved to be a strong zoning code that manipulated city
development over the coming years.

Figure 4-4 1966 Curitiba Zoning Plan [Map Provided by IPPUC, 2007]
The city organization became linear in nature, but the zoning balance between the
residential, commercial, and industrial zones still maintained equality in the 1966 plan. The plan
had some changes added to it in 1975, to accommodate an industrial city and rising commercial
and residential demand because of high population growth. This was done through the promotion
of the verticalization of the city.
The zoning codes did not get any further upgrades until 2004, where zoning of 1975 was
refined further to accommodate the present reality of a service industry, and reduce density,
which had its start in the 1970s. Industrial zoning was pushed outside the municipal boundaries
of Curitiba, and commercial centers were concentrated within the municipality (Instituto de
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Pesquisa e Planejamento Urbano de Curitiba, 2007). It is estimated now that 72% of the
designated parcels in Curitiba are demarcated as predominately residential zones.

Figure 4-5 1975 Curitiba Zoning Plan [Map Provided by IPPUC, 2007]

Figure 4-6 2004 Curitiba Zoning Plan [Data Source: IPPUC, 2007]
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Figure 4-7 2004 Curitiba Zoning Plan simplified [Data Source: IPPUC, 2007]
Population Patterns
Curitiba has enjoyed economic growth over the last 50 years, touting a quality of life
unrivaled in other Brasilian metropolitan centers. As it attracted businesses into the municipality,
the city also attracted urban migrants (Macedo, 2004). Unfortunately, much of the employment
opportunities relocating into municipal Curitiba were high-skilled labor, which proved to be of
no benefit to blue-collar workers (Macedo, 2004). On the contrary, through 2004 zoning and
market demand, low-skilled industrial work was being pushed outside the municipal limits
(Instituto de Pesquisa e Planejamento Urbano de Curitiba, 2007).
Evaluating the population patterns in the Municipality of Curitiba, one finds that the
population is concentrated in the Northeast portion of the municipality.
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Figure 4-8 Municipal Curitiba population distribution (one Dot = 100 Persons) [Data Source:
IPPUC, 2007]

Figure 4-9 Municipal Curitiba population density distribution [Data Source: IPPUC, 2007]
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In the Metropolitan Region of Curitiba, the population is heavily concentrated in the
northeastern part of the Curitiba municipality, extending north along the former BR-116 federal
road and other northbound state roads (Instituto de Pesquisa e Planejamento Urbano de Curitiba,
2007).

Figure 4-10 Metro Curitiba population distribution circa 1995 [Map Provided by IPPUC,
2007]
This trend could be attributed to the socio-economic gravitational pull that São Paulo has
upon Curitiba, to the northeast. Furthermore, this trend could be attributed to the growing
informal population migrating from other parts of the country that sits to the north and northeast,
and making their way into Curitiba, attracted by the promise of a better life (Macedo, 2004).
Curitiba’s population of 1.8 million residents is largely comprised of European descent,
notably of Italian, German, Polish, Slavic, Swedish, and French ancestries (Macedo, 2004).
These residents are housed in approximately 470,000 households. The average household size in
the city has been calculated at 3.35 persons per household (Instituto Brasileiro de Geografia e
Estatistica, 2002). The average income per household in Curitiba is calculated at
R$1,431/monthly, or 9.48 minimum salaries (Instituto de Pesquisa e Planejamento Urbano de
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Curitiba, 2000). The minimum salary is defined in Brasil during the 2000 census as constituting
R$151/month, though subject to change due to inflation and other economic variables (Instituto
Brasileiro de Geografia e Estatistica, 2002). The latest change to the minimum wage, dated
February 2009, places the minimum wage at R$465 (Iankilevich, 2009).
This research focuses on the lower income households and population. For purposes of the
2000 census procedures by the Brasilian Census Bureau, IBGE, the poverty line is drawn at three
minimum salaries or R$453/monthly. With the poverty line drawn and identified by the census,
96,882 residents of Curitiba living below the poverty line, which is approximately 20% of the
city’s population (Instituto de Pesquisa e Planejamento Urbano de Curitiba, 2000). When all
residents living under “low-income” status or under five (5) minimum salaries are considered,
the percentage of the municipal population in the group increases from 20% to 37% (Macedo,
2004). The low-income population in municipal Curitiba is only a small segment of the
Metropolitan Curitiba population, which comprises 26 municipalities, with a population of 3.3
million, of which 71% are classified as low-income (Macedo, 2004) (Urbanização de Curitiba,
S.A. , 2007).
Transit in Curitiba
Curitiba is known the world over for its innovative bus transportation system. It has an
extensive transportation system, consisting of 465 bus transit lines circulating through the city
and nearby municipalities. According to Urbanização de Curitiba, S.A. (URBS), 390 of the 465
transit lines are coordinated in an Integrated Transit System (Urbanização de Curitiba, S.A. ,
2007). The transit system covers between 4,000–8,000 duplicated route kilometers in the
metropolitan area, and 1,100 kilometers within the municipality, of which 60 kilometers are
designated busways (Transportation Research Board, 2003). According to URBS, the transit
system carries an average of 1.9 million trips daily (Transportation Research Board, 2003). Bus
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stops occurs approximately every 400–500 meters across the system (Transportation Research
Board, 2003).
The transit system got its start in 1955, with the first transit line crossing the city, but was
not modified until the development of the Integrated Transit System Plan of 1974. From 1974 to
the present, the Integrated Transit System has seen constant growth, as new lines were added and
more parts of the city were made accessible to the Integrated Transit System (Instituto de
Pesquisa e Planejamento Urbano de Curitiba, 2007). Now, the Integrated Transit system consists

Figure 4-11 Evolution of Curitiba’s Integrated Transit System 1974–2000 [Figure Provided by
IPPUC, 2007]
of five busway express corridors interconnected by the circumferential Inter-District bus routes
(Transportation Research Board, 2003).
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Curitiba’s bus network encompasses a multi-layered vehicle fleet, employed to serve
various demands of the transit network. Some of the vehicles used, notably the bi-articulated
express, inter-district, direct, and feeder lines are interconnected into one transit network that
allows unlimited transfers between the transit lines (Urbanização de Curitiba, S.A. , 2007).

Figure 4-12

Curitiba’s Integrated Transit System [Data Source: IPPUC, 2007]

Delving into the intricacies of the transit fleet of Curitiba’s bus network, one finds the biarticulated buses as one of the trademarks of the Curitiba bus system. The bi-articulated buses
are the express buses that serve integrated transit terminals in the periphery of the municipality
and provide express service downtown on dedicated bus lanes. The express bus service is
integrated into a “trinary” road system where the dedicated bus lane is flanked by two one-way
through streets, one for each direction of low speed automobile travel and parking. In the
adjacent block from the bus lanes in either direction, one will find another one-way street, this
time designed for higher speed automobile travel (Macedo, 2004). The Inter-District buses
provide radial bus service between peripheral bairros within the municipality. The “Direct Line”
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Figure 4-13 Curitiba Transit System fleet composition [Image Chart Provided by Urbanização
de Curitiba, S.A., © 2007.]
buses serve as a complimentary bus network, interconnecting between the Inter-District buses
and the express bus service at both transit terminals and the downtown core, through secondary
express corridors in the city (Urbanização de Curitiba, S.A. , 2007). The Direct buses took life in
1991 within the integrated transit network to replicate an underground transit mode, yet
employing the use of buses (Macedo, 2004).
The “Feeder” buses in the transit system are meant to serve moderate passenger flows and
concentrations in the neighborhoods of Curitiba, integrating them to the rest of the transit
network. The conventional buses in the system are the other neighborhood feeder buses with
lower passenger flows, and which are not interconnected into the transit system. These buses
require multiple transfers to get about the transit system in Curitiba (Urbanização de Curitiba,
S.A. , 2007). There are other special bus services, directed towards a special audience such as
tourists, special needs patients, school children, to name a few. These special buses will not be
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discussed further in this investigation because they are beyond the scope of the research in
question.
Fares in Curitiba’s transit network are disputed as to their impact on the system’s users.
According to Jaime Lerner, the key to a successful transit system, is to keep the fares of the
transit system low, which encourages ridership (Lerner, 2009). The concept holds true in
practice, but can be reinterpreted from another viewpoint. As of 2007, the fare for a one-way trip
was billed at R$1.90, or approximately USD$1.00. From an American perspective, transit fares
on Curitiba’s transit system are affordable, especially with the diversity of transit services and
delivery. However, from a Brasilian perspective, commuting to and from work becomes an
expensive ordeal, especially when the average number of trips per user is approximately 2.4 trips
per day. URBS has a set policy that the fare for the system would be set so that the ridership
would not have to pay more than 10% of an “average worker’s” salary (Transportation Research
Board, 2003). With the upper end salary of R$755/month (5 minimum salaries) for low-income
users in Curitiba compared to R$1432 for the “average worker,” it can be estimated that users
could spend upwards of 35% of their meager earnings to pay for travel within the municipality
(Macedo, 2004). This ratio of transit fare to income earnings for low-income workers increases
further, when taking into account the various transfers incurred from the municipal fringe, each
requiring a new fare to use the transit service.
As to the frequency of service and delivery of transit service in Curitiba, most buses in
the integrated bus system have 10–15 minute headways, with the buses oriented as feeders or
conventional buses having upwards of 30 minute headways (Urbanização de Curitiba, S.A. ,
2007). From a bus stop point of view, some stops such as the transit terminals are served by
various bus routes, and headways between buses at these locations can be as low as 90 seconds.
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Service is rendered throughout the entire network between the hours of 6 AM (few routes have 5
AM start times) and midnight (Urbanização de Curitiba, S.A. , 2007).
One thing of note to mention about Curitiba’s transit system, is the development of the
Linha Verde. The Linha Verde is a project under construction in the eastern periphery of the
municipality. The new project develops a new extension of the bi-articulated bus routes subsystem, which originally included five spokes from the city center, and now has added a sixth
spoke that interconnects some of the other spoke end points that radiate east.

Figure 4-14

Linha Verde route map with stops [Image Provided by PTUPC, 2009].

The project takes advantage of the right of way that has pre-existed the former BR-116,
which has been rerouted onto a beltway around the municipality. This project is noted for many
innovations, such as ITS operations, but its location is of note to this investigation (Programa de
Transporte Urbano da Prefeitura de Curitiba (PTUPC), 2009). What we will find in the
subsequent chapter is that there is a relationship between the implementation of this project and
that of current population densities, especially that of low-income populations. Due to the
ongoing construction and lack of available data, the impact of the Linha Verde has not been
included in this analysis.
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Figure 4-15 Linha Verde route map interconnected with metropolitan transit service [Image
Provided by PTUPC, 2009.]
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CHAPTER 5
FINDINGS WITHIN THE CURITIBA CASE STUDY
Population Concentrations
According to the analysis of the geo-spatial data, the social demographic of Curitiba were
able to be mapped. Within this demographic mapping, pockets of high-income and low-income
concentration were identified. Income clusters were identified by assessing the ratio of low
income households to total households in the bairro. Bairros below one standard deviation were
classified as High Income Concentrated bairros, and bairros that were above one standard
deviation were classified as Low Income Concentrated bairros. Most neighborhoods within
Curitiba that have high concentrations of affluent populations were located in the city center.

Figure 5-1 Curitiba High-Income population concentrations [Data Source: IPPUC, 2009]
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The general concentrations of the low-income households, in respect to these high-income
population concentrations, were located in a half-ring lying to the south of the municipal center.

Figure 5-2 Curitiba High and Low-Income concentrations by bairro [Data Source: IPPUC, 2009]
As to the specifics of the low-income population concentrations, it was evaluated in two
ways. One such way to view low-income population concentration is to look at it from the
perspective of the ratio of the low-income population to the total population of a bairro. Bairros
selected from this viewpoint were below one standard deviation from the mean ratio low-income
households to the total households that were selected.
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Figure 5-3 High Low-Income population relational to bairro population [Data Source: IPPUC,
2009]
Most of the neighborhoods that were selected with this viewpoint were located in the
municipal fringe, with the exception of two neighborhoods (Parolin & Prado Velho) which are
the oldest favelas in the municipality, located near the central municipal activity center.
Another viewpoint to evaluate low-income population concentrations is to evaluate the
ratio of low-income population in a neighborhood to the total low-income population in the
municipality. From this viewpoint, the neighborhoods with the highest distribution ratio of lowincome population in the municipality would be selected until the ratio sum equals 37%. This
value is selected, so to equal the municipal low income population ratio.
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Figure 5-4 High Low-Income population relational to Municipal Low-Income population [Data
Source: IPPUC, 2009]
From this point of view, a ring cluster of bairros on the immediate southern periphery of
the municipal urban core emerged. When it came to both viewpoints that highlight low-income
population concentration, the bairros of Tatuquara emerged as a significant neighborhood with a
high low-income concentration, irrespective of which viewpoint of low-income population
concentration is considered.
For more information on the population characteristics of Curitiba’s bairros, especially on
the statistical distribution of low-income household to the total household ratio, please refer to
Table A-1 (Curitiba Population Characteristics) in the appendix.
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Employment Concentration
Another consideration in this analysis of Curitiba is employment. One has to know where
jobs are located in the municipality, to enable one to evaluate how this relates to the population
concentration of low-income workers. Evaluating employment concentration can take on two
views to highlight high or low job concentration. The first viewpoint in evaluating job
concentration is to take into consideration absolute numbers. Which neighborhoods have a high
absolute number of jobs? From thereon, one can determine as to which neighborhoods have the
highest number and which have the lowest number of jobs. The neighborhoods above or below
one standard deviation were selected in the high job numbers and low job numbers categories.
On the contrary, while analyzing employment one has to look at how many jobs are there
per worker. This viewpoint was evaluated by deriving a ratio that places the number of
households over the number of jobs in a respective neighborhood. From this ratio, one was able
to highlight the top neighborhoods by being above or below one standard deviation in the high
job numbers and low job numbers categories.
What one finds in analyzing employment in Curitiba is that there is an availability of jobs
in the downtown core, since household to job ratios were found to be below two. From the
downtown core, there are some peripheral bairros with some relative employment densities, but
not of the magnitude of the downtown core. What those ratio values signify is the number of
workers (assumed as two per household) there are on one job. Where job density is lacking is in
the municipal periphery, as well as similar areas noted for low-income population concentration
within the bairro level.
Taking a closer look at the statistics in the map, job densities do not necessarily mean that
there are jobs available where the map says they are. For most of the bairros noted for high
absolute and relative job concentrations, most can be found in the urban core. This same area is
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Figure 5-5 Curitiba relative job concentration by bairro [Data Source: IPPUC, 2009]

Figure 5-6 Curitiba absolute job concentration by bairro [Data Source: IPPUC, 2009]
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noted for the high-income concentrations residing in this same area. Bairros such as Batel, Alto
de Rua XV, and the Centro Civico neighborhoods, have statistical profiles suggesting that much
of the work available pertains to skilled labor. At the same time, these neighborhoods have
affluent populations requiring personal services that require blue-collar workers, promising work
to low-income populations. Another bairro of note, Boqueirão, is noted for having a
proportionate share of the municipal low-income population, and has a proportionate share of
employment opportunities. Boqueirão, in this case, is the exception to the trend, which stipulates
that low-income areas have a dearth of job opportunities. Furthermore, in Boqueirão, current
development trends and the concentration of jobs indicate the development of a secondary
Central Business District in this bairro. Several issues emerge from this development, ranging
from increased business as a result of having direct access to the municipal airport, and the
development of the Linha Verde through the bairro. Much can be evaluated through a close study
of the Boqueirão bairro and the cause of its transformation, but this is beyond the scope of this
research.
Looking beyond the general scope of job concentration one also has to evaluate as to
where sector specific jobs are located. Blue-collar workers would qualify for manufacturing and
industrial jobs than they would for a commercial service job. Most commercial / service jobs are
geared towards skilled educated labor. On the specifics of industrial specific jobs, they can be
found in a peripheral ring on the south side of the downtown core. A spur of industrial job
concentration emanates from the Central Business District and connects with the peripheral ring
to the southwest, in the direction of the Cidade Industrial de Curitiba (CIC) bairro.
Comparing this industrial job concentration to the population, there is a correlation. Where
there are industrial jobs, the overall population fits into the low-income bracket. The further the
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Figure 5-7 Curitiba Industrial job concentration by bairro [Data Source: IPPUC, 2009]
neighborhood is to an industrial concentrated neighborhood, one will find higher concentrations
of the affluent population. On the contrary, in these same industrial-oriented bairros, one can find
the disproportionate share of the municipality’s low-income population living in the vicinity or
within them.
Though low-income populations are less qualified to seek commercial sector jobs, they are
not exclusively removed from pursuing blue-collar service and commercial work. Evaluating
where commercial level employment is located, one can find a large concentration of
commercial work in the downtown core, in the CIC, and in a cluster immediately to the south of
the downtown core.
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Figure 5-8 Curitiba Commercial job concentration by bairro [Data Source: IPPUC, 2009]
The jobs in the downtown core is where most of the skilled labor is to be concentrated, so
it should not be seen as a focal point of employment opportunities for low-income populations,
though it should not be disregarded. The bairro cluster to the south of the municipal core is of
interest. This area, when compared to population trends, is one with low-income population
concentrations, as well as being mixed with industrial ventures. Also of note, just beyond the
municipal limits, due east of the Boqueirão bairro, the Curitiba Afonso Pena International
Airport is situated. Airport operations are a stimulus to blue-collar jobs, not only within the
airport, which is beyond the municipal jurisdiction being analyzed, but bairros within Curitiba
that are in the vicinity of the airport.
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For more information on employment characteristics of Curitiba’s bairros, especially on
the statistical distribution of relative versus absolute job concentration values, please refer to
Table A-2 (Curitiba Employment Characteristics) in the appendix.
Transit Stop Availability
Much has been discussed in the introductory segments of Curitiba’s transit system. For
purposes of this case study, transit in Curitiba has been evaluated from the perspective of both
the municipal transit system and the integrated transit system. An evaluation of the municipal
transit system encompasses all transit services that are within the confines of the municipality.
This does not include the metropolitan bus services outside the municipality. The integrated
transit system is a misnomer in this analysis. The Curitiba municipal transit system is called the
Rede Integrada de Transporte (RIT), or Integrated Transit System. For the purposes of this
research, the RIT has been named the municipal transit system, and the integrated transit system
referenced in the findings is a subset of the municipal system. The subset system includes the biarticulated, inter-bairros, and direct line buses in the municipality. This subset is made since
these routes facilitate free transfers between routes. Feeder buses are part of the system, but not
all feeder buses facilitate free transfers between routes. Evaluating the transit system from the
two system viewpoints, one can find trends in the public transit accessibility within Curitiba’s
unique transportation network, focused on the low-income population.
The first aspect to evaluate about transit is the availability of a transit stop. What kind of
stop density exists in one’s neighborhood? In the case of Curitiba, one can find much of the stop
density highest in the urban core and neighborhoods to the northeast of the downtown core and
lowest along the western, and the southern periphery of the municipality (the northern periphery
is for integrated transit only). This finding is based on evaluating the stop density by land area
within the bairro
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Figure 5-9 Curitiba high transit stop density by area by bairro [Data Source: IPPUC, 2009]
Evaluating the transit stop density by population density, there is no direct nuclei of low
transit stop density, but rather, a weakly defined corridor of transit stop density emanating from
the urban core (Centro bairro), going to the northeast and the southwest. The stop density is
highest in pockets around the municipality, but most pronounced along the western periphery of
the municipality.
Having a low transit stop density by population density, indicates high usage of the transit
stops by the population, whereas a high transit stop density by population density indicates a
surplus of stops and low transit stop usage by the population.
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Figure 5-10 Curitiba high transit stop density by population density [Data Source: IPPUC,
2009]
The bairro of Riviera has an impediment when analyzing stop density in that there are no
transit stops serving this bairro. A resident of Riviera would have to travel to an adjacent bairro
to access a transit stop. This noted lack of stops in Riviera could be the result of several factors;
high level of low-income households to total households, and a low bairro population in general
(203 residents).
Another relationship in respect to stop density has also been explored. Stop density was
also looked at, based on employment density. In this analysis, one finds low levels of stop
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density in the urban core, whereas higher stop densities are located in the peripheral bairros to
the southwest.

Figure 5-11 Curitiba high transit stop density by employment density [Data Source: IPPUC,
2009]
By having low stop density per employment density, stops are limited and located in
concentrated employment locations in the urban core, demonstrating high levels of job
opportunity and a low level of commuters departing from the downtown bairros. On the contrary,
the same stops are more numerous in the peripheral bairros, due to the dispersed and sparse
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nature of employment sites the further away one gets from the urban core. This high transit stop
density by employment also designates commuter bairros within the municipality.
Evaluating the statistical trends between the bairros, several trends emerge to reinforce job
opportunity locations and locate low-income commuter bairros. According to the statistics in
Appendix A-3 (Curitiba Transit Stop Density Characteristics), the urban core bairros of Alto da
Rua XV, Batel, Centro, Centro Civico, São Francisco, and Vila Izabel emerge as a commuter
destination bairros. The bairros of Alto da Gloria, Batel, Cristo Rei, Juvevê, and Vila Izabel have
transit stop densities that would characterize transit services in that area catering to affluent
residents. The bairros of Augusta, Cajuru, Campo de Santana, Caximba, CIC, and Ganchinho
emerge as low-income commuter bairros. All these low-income commuter barrios also have
transit stop densities that limits access for their resident population.
A bairro to revisit from the job concentration discussion is Boqueirão. This bairro was
noted for a high level of job concentration, as well as having a high proportion of the low-income
population. Based on the transit stop density statistics, the Boqueirão bairro does not boast good
transit service. This problem also exists for the bairro of Cajuru, which has low stop densities,
but demonstrates a high low-income commuter population.
Walkability to Transit Stops
Having established the general availability of transit stops within a respective bairro, the
next issue that comes to mind for the typical user, is the distance it takes to get from their home
or place of work to the transit stop. Is it within a reasonable walking distance? To assess
walkability to transit stops, the analysis was done through a residential, commercial, and
industrial parcel viewpoint. Parcel to stop distance averages were calculated per bairro, and then
analyzed and mapped onto the municipality map, to assess walkability.
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Residential Parcels to Transit
As per the residential parcel viewpoint on walkability to stops, one will find that
most bairros have residences near 400-meters of a municipal transit stop. The exception to this
rule can be found in the western fringe, and two southernmost bairros, as well as the
northernmost bairro in the municipality. From there, we know the bairros with no integrated bus
access, as per discussion in the transit stop availability section of the findings.
For the bairros with integrated transit availability, the majority of the bairros, with the
exception of the urban core and 4 kilometer corridors oriented to the northwest, northeast, and
south from the urban center, have an average walk distance to integrated transit stops beyond
400-meters. What this analysis tells us is that the majority of the population has some form of
transit access within walking distance of their homes, but only residents of the urban core, who
by population trends happen to be the more affluent populations, can find integrated transit
within walking distance of their homes. The bairros of Parolin and Prado Velho emerge in this
analysis as unique bairros, with the fact that they have a high low-income household to total
households in the bairro value, yet are two bairros with good transportation access from both the
municipal and integrated transit systems. This is attributed to being the oldest favela
communities in the municipality, absorbed into the urban core, thus benefiting from excellent
transit connections. Most other bairros with excellent walk to/from transit stop distance averages
have a strong correlation to high-income residential concentrations, where the opposite
relationship pertaining to low-income concentrated areas in the periphery having poor transit
access holds true.
A detailed profile of the residential to transit walk distances can be found in the Appendix,
under Table A-4 (Curitiba Residential to/from Transit Walk distances).
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Figure 5-12

Residential to transit stop average walking distances [Data Source: IPPUC, 2009]

Commercial Parcels to Transit
According to the commercial parcel viewpoint on walkability to stops, it was found that
most bairros had commercial establishments near 400-meters of a municipal transit stop. The
exception to this rule was found in the western fringe, and two southernmost bairros, as well as
the northernmost bairro in the municipality. A bairro of note is Campo de Santana, where if one
is commuting from a commercial establishment to a transit stop, the walking trip can average
over 800 meters. As a result, job concentrations are noted as low in the bairro. From there, we
know the bairros with no integrated bus access, according to the discussion in the transit stop
availability section of the findings.
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For the bairros with integrated transit availability, one found that three distinct clusters of
bairros had an average walk distance to integrated transit stops beyond 400-meters. The three
clusters identified with average walk distances to integrated transit stops beyond 400-meters
included: the northeast fringe bairros of Boa Vista, Bacacheri, and bairros northwest of Boa
Vista, and northeast of Bacacheri; the western fringe bairros not identified earlier with limited
municipal transit included the Industrial City and bairros due north; the Sitio Cercado, Alto
Boqueirão, Boqueirão, and the Uberaba bairro cluster due south of the urban center and within
the municipal boundary.
What this analysis tells us thus far, is that the majority of the municipality has some form
of transit access within walking distance of their commercial establishment or job, but only
establishments and commercial jobs of the urban core and cluster of bairros due east of
Fazendinha, can find integrated transit within walking distance of their commercial
job/establishment. The bairros of Parolin and Prado Velho remain in this step of the analysis as
unique bairros, with the fact that they have a high low-income household to total households in
the bairro value, yet are two bairros with good transportation access from both the municipal and
integrated transit systems to get to commercial jobs in their bairros. As mentioned earlier, these
two bairros are host to the oldest favelas in the municipality and integrated into the urban core.
Another bairro of note is Capão Raso, a bairro adjacent to the Industrial City. Capão Raso has
population trends with a high proportionate share of the low-income municipal population, yet is
a notable bairro with excellent walking distance to transit under 400-meters for commercial jobs
and establishments. On the opposite end of the spectrum, the bairro of Xaxim has a high
concentration of job opportunities, yet has an average distance of commercial establishments
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to/from transit on the average end of the scale. This is the result of some distance issues to
integrated transit stops.

Figure 5-13 Commercial to transit stop average walking distances [Data Source: IPPUC,
2009]
Commerical entities have the ability to sway where transit stops are located, through
political action and association, but such methods of getting a transit stop to serve their
establishment is beyond the scope of this research.
A detailed profile of the commercial to transit walk distances can be found in the
Appendix, under Table A-5 (Curitiba Commercial to/from Transit Walk distances).
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Industrial Parcels to Transit
Regarding the industrial parcel viewpoint on walkability to stops, one found that most
bairros have industrial establishments near 400-meters of a municipal transit stop. The exception
to this rule can be found in the Butiatuvinha bairro in the northwest region. This analysis
overlooks 13 bairros that do not have industrial establishments, which for some bairros if they
were included in this analysis, would emerge as having walking distances to stops beyond 400meters. From there, we know the bairros with no integrated bus access, per discussion in the
transit stop availability section of the findings.
For the bairros with integrated transit availability, the majority of the bairros, with the
exception of the urban core, a three bairro cluster to the south of the urban core, and a corridor
oriented to the southeast from the urban center to the municipal limit, have an average walking
distance to integrated transit stops beyond 400-meters.
What this analysis tells us is that the majority of the municipality has some form of transit
access within walking distance of their industrial job/establishment and can be considered as
average accessibility to transit based on the walking distance benchmark of 400-meters, and
those residents working in the urban core, the southeastern corridor, or the southern municipal
cluster have decent to excellent integrated transit access. The bairros of Parolin and Prado Velho
remain in this step of the analysis as unique, with the fact that they have a high low-income
household to total households in the bairro value, yet are two bairros with good transportation
access from both the municipal and integrated transit systems to get to industrial jobs in their
bairros. Another bairro of note that emerges in this stage of the analysis is Cajuru, which is in the
eastern corner of the municipality. Cajuru is noted in population trends with a high proportionate
share of the low-income municipal population, and is the northeastern extreme of a ring of
bairros with a high proportionate share of the low-income municipal population, yet emerges as a
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notable bairro with excellent walking distance to transit under 400-meters for industrial jobs and
establishments.

Figure 5-14

Industrial to transit stop average walking distances [Data Source: IPPUC, 2009]

A detailed profile of the industrial to transit walk distances can be found in the Appendix,
under Table A-6 (Curitiba Industrial to/from Transit Walk distances).
Transit Stop Walksheds
So far, we have identified bairros with levels of walkability to transit that are within or
beyond a defined acceptable walking distance. This can be seen not only in the earlier figures
for residential, commercial, and industrial walk to transit discussion, but in the statistical charts
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located in the appendix. One other analysis that has not been conducted is imposing the walkshed
from the transit stops on the bairros. How much of the bairro does the walkshed for municipal
and integrated transit cover? How many residential, commercial, and industrial parcels within a
bairro are within this defined 400-meter walkshed to the transit stop. This final analysis provides
the visual representation of accessibility for the Curitiba transit system, and can be correlated to
low-income residential areas and employment centers.
Municipal Transit Walkshed
To evaluate walkshed coverage that can be compared between Seattle and Curitiba, the
400-meter municipal transit walkshed had to be generated. Before going into the walkshed
analysis, an explanation of the municipal transit system is in order. An evaluation of the
municipal transit system encompasses all transit services that are within the confines of the
municipality. This does not include the metropolitan bus services outside the municipality. This
400-meter walkshed is the only walkshed threshold that can be compared to Seattle’s quartermile walkshed coverage. In the Curitiba municipal limits, 81.72% of the area is contained within
the 400-meter walkshed.
This Municipal Transit 400-meter walkshed contains 91.08% of residential parcels,
91.48% of commercial parcels, and 90.92% of industrial parcels. These numbers highlight
relative excellent access for transit users, regardless of coming from home or work. Within these
numbers, transit stop access also is balanced between the land use zone types (residential,
commercial, and industrial). Delving specifically to the bairros with high concentrations of work
opportunities, the walkshed coverage within the municipality is calculated at 96.02%.
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Figure 5-15

Curitiba Municipal Transit 400-Meter walkshed [Data Source: IPPUC, 2009]

It is important to note though, that within these numbers and walkshed coverage, the bairro
of Riviera does not have any walkshed coverage. As mentioned in an earlier section, there are no
municipal transit stops within Riviera, and the average distance to transit is more than 1000
meters.
Another trend that emerges from the municipal walkshed statistics is a stark difference of
walkshed coverage of bairros considered high-income versus low-income. In respect to highincome bairros, 98.18% of these bairros are contained within the walkshed. This value is in
contrast with the 67.03% of the low-income bairros that are contained in the 400-meter
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municipal transit walkshed. With such a statistic, 1 in 3 low-income households can be found
outside the accessible range of a municipal transit stop.
Specifics of the Municipal Transit Walkshed, relating to the bairros can be found in Table
A-7 of the Appendix.
Integrated Transit Walkshed
The Integrated Transit 400-meter walkshed was used to scrutinize the walking distance
averages for neighborhoods in Curitiba in relation to the municipal transit system. Before going
into detailed analysis of the Integrated Transit walkshed, an explanation of this system is in
order. The Integrated Transit system is a misnomer in this analysis. The Curitiba municipal
transit system is called the Rede Integrada de Transporte (RIT), or Integrated Transit System. For
the purposes of this research, the RIT has been named the municipal transit system, and the
Integrated Transit System referenced in the findings is a subset of the municipal system. The
subset system includes the bi-articulated, inter-bairros, and direct line buses in the municipality.
This subset is made since these routes facilitate free transfers between routes. Feeder buses are
part of the system, but not all feeder buses facilitate free transfers between routes.
This Integrated Transit walkshed is another one that was generated for this analysis. The
analysis covers only 63 of the 75 municipalities, since the Integrated Transit System does not
encompass all the bairros within Municipal Curitiba. In the Curitiba municipal limits, 40.76% of
the area is contained within the Integrated Transit 400-meter walkshed.
In this Integrated Transit 400-meter walkshed, 39.85% of residential parcels, 51.60% of
commercial parcels, and 37.89% of industrial parcels are also contained within. These numbers
highlight the average to poor access for transit users, regardless of coming from home or work.
Within these numbers, transit stop access is heavily biased towards commercial establishments
with average transit accessibility. Specifically evaluating the walkshed coverage on high job
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Figure 5-16

Curitiba Integrated Transit 400-Meter walkshed [Data Source: IPPUC, 2009]

concentrated bairros, the coverage is calculated at 63.76%, 1.6 times higher than residential or
industrial coverage. From the commercial establishments, the residential and industrial
establishments have low accessibility values. Evaluating the walkshed coverage to the population
concentrations of the municipality, one found that 56.14% of high-income bairros and 34.12%
low-income bairros contained within. This statistic speaks volumes to the fact that the integrated
transit has a bias towards high-income users than it does to low-income users. Beyond the
inequity usage based on population demographics, it can also be inferred that the Integrated
Transit System operation is heavily biased towards commercial establishments.
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Figure 5-17 Comparison of the Municipal and Integrated 400-Meter walksheds [Data Source:
IPPUC, 2009]
Specifics of the Integrated Transit Walkshed, relating to the bairros can be found in Table
A-8 of the Appendix.
Transit System Travel Time
For purposes of this investigation, two neighborhoods (Cajuru and Tatuquara) were
selected in this case study, for their unique characteristics of having a high proportionate share of
low-income households in the case study and having a high ratio of low-income households
within the neighborhood (Tatuquara) or just having a high proportion of low-income households
within the municipality (Cajuru) and have integrated transit access. This relates to the central
question of evaluating public transit accessibility for low-income workers. Due to the large
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number of bus stops, the complexity of the transit network, and the number of neighborhoods in
the selected case study, it would involve extensive resources to calculate time isochrones and
provide analysis for all of the neighborhoods, and provide an intelligible output. Because of this
limitation, only the selected neighborhoods (Cajuru & Tatuquara) are analyzed for the transit
system travel time.
Cajuru
Cajuru, located in the east central portion of the municipality, is one of the defined
neighborhoods in Curitiba. In earlier sections we found that Cajuru is a bairro noted for having a
proportionate share of Curitiba’s low-income population being in close proximity to the
municipal core.

Figure 5-18

Cajuru bairro within Municipal Curitiba [Data Source: IPPUC, 2009]
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Cajuru not only has regular municipal transit access, but integrated transit as well. By
having access to both transit systems, travel time isochrones were generated from Cajuru using
both transit systems.
Municipal transit time isochrones
For purposes of the case study, the transit system average speed of 19 km/hr (Urbanização
de Curitiba, S.A. , 2007)was used to generate time isochrones, using the municipal transit system
(which incorporates the Integrated Transit System). The time increment used was defined as five
(5) minutes.
Table 5-1 Cajuru isochrone travel distances by time on Municipal Transit
Time
Distance
5 Minutes
1583 Meters
10 Minutes
3167 Meters
15 Minutes
4750 Meters
20 Minutes
6333 Meters
25 Minutes
7917 Meters
30 Minutes
9500 Meters
35 Minutes
11083 Meters
40 Minutes
12667 Meters
45 Minutes
14250 Meters
50 Minutes
15833 Meters
55 Minutes
17417 Meters
60 Minutes
19000 Meters
After inputting all the parameters into the Network Analyst application of ArcGIS, 12
time isochrone line layers were generated from the transit stops in Cajuru, traveling throughout
the municipality via the municipal transit system. One found that by studying the time isochrone
map, most adjacent neighborhoods to Cajuru were accessible within a 15-minute bus ride,
assuming smooth transfers and no wait times. Trying to reach the western limits of the
municipality, one found that transit took upwards of an hour or more, depending on the
destination within the western portion of the municipality.
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Figure 5-19

Cajuru Municipal Transit time isochrones coverage [Data Source: IPPUC, 2009]

Imposing job concentrations on the neighborhood boundaries, one can evaluate commute
times from Cajuru to bairros where there are concentrations of work. For jobs located in the
urban core, one can expect to travel within the vicinity of 20–30 minutes, depending on the
location. For other bairros not in the urban core that have job concentrations, the trip duration
goes up to 40–45 minutes. Lastly, for jobs within the Industrial City (CIC), commute times on
the transit network can exceed one hour, depending on the location.
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Figure 5-20 Cajuru Municipal Transit time isochrones related to job concentrations [Data
Source: IPPUC, 2009]
All these isochronal calculations assume ideal transit operating conditions, smooth
transfers with no wait time. Due to factors that can erode transit operating conditions and
traveling by bus, commute times can easily balloon upwards from the calculated results. Such
impacts are beyond the scope of this research.
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Integrated transit time isochrones
After examining travel time isochrones from Cajuru along the municipal transit system, the
Integrated Transit system can be scrutinized. One has to redevelop time isochrones for Cajuru,
using the Integrated Transit system average speed of 22.4 km/hr (Urbanização de Curitiba, S.A.
, 2007), and keeping the five (5) minute time increments. Because of the time increment and
average transit speed, the following distances were used to generate the isochrones.
Table 5-2 Cajuru isochrone travel distances by time on Integrated Transit
Time
Distance
5 Minutes
1867 Meters
10 Minutes
3733 Meters
15 Minutes
5600 Meters
20 Minutes
7467 Meters
25 Minutes
9333 Meters
30 Minutes
11200 Meters
35 Minutes
13067 Meters
40 Minutes
14933 Meters
45 Minutes
16800 Meters
50 Minutes
18667 Meters
55 Minutes
20533 Meters
60 Minutes
22400 Meters
After inputting all the parameters into the Network Analyst application of ArcGIS, 12 time
isochrone line layers were generated from the transit stops in Cajuru, traveling throughout the
municipality via the Integrated Transit system. One found by studying the time isochrone map,
that most adjacent neighborhoods to Cajuru are accessible within a 10-minute bus ride, assuming
smooth transfers and no wait times. Trying to reach the western limits of the municipality, it was
also found that transit took upwards of an hour, depending on the destination within the western
portion of the municipality that has Integrated Transit access.
Imposing job concentrations upon the neighborhood boundaries, one can evaluate
commute times from Cajuru to bairros where work is concentrated. For jobs located in the urban
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Figure 5-21

Cajuru Integrated Transit time isochrones coverage [Data Source: IPPUC, 2009]

core, one has to travel within the vicinity of 15–20 minutes, depending on the location. For other
bairros not in the urban core that have job concentrations, the trip duration went up to 25–35
minutes. Lastly, for jobs within the Industrial City (CIC), commute times on the transit network
can reach upwards of one hour, depending on the location.
All these isochronal calculations assume ideal transit operating conditions, smooth
transfers with no wait time. Factors that can erode transit operating conditions and traveling by
bus can result in commute times ballooning upwards from the calculated results. Such impacts
are beyond the scope of this research.
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Figure 5-22 Cajuru Integrated Transit time isochrones related to job concentrations [Data
Source: IPPUC, 2009]
Tatuquara
Tatuquara, located in the southwest part of the municipality, is one of the defined
neighborhoods in Curitiba. Earlier, we found that it had a proportionate share of Curitiba’s lowincome population and had a high low-income population ratio.
Tatuquara alone can be attributed to having regular municipal transit access and no direct
integrated transit access within the neighborhood. Therefore travel time isochrones were
generated from Tatuquara using only the municipal transit system.
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Figure 5-23

Tatuquara bairro within Municipal Curitiba [Data Source: IPPUC, 2009]

Before examining travel time isochrones from Tatuquara, one has to develop the isochrone
development context used in Tatuquara. For purposes of this case study, the transit system
average speed of 19 km/hr was used to generate time isochrones, using the municipal transit
system (which incorporates the Integrated Transit System). The time increment used in the case
study was defined as five (5) minutes and because of this and the average transit speed, the
following distances were used to generate the isochrones.
After inputting all the parameters into the Network Analyst application of ArcGIS, 12
time isochrone line layers were generated from the transit stops in Tatuquara, traveling
throughout the municipality via the municipal transit system. Studying the time isochrone map,
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Table 5-3 Tatuquara isochrone travel distances by time on Municipal Transit
Time
Distance
5 Minutes
1583 Meters
10 Minutes
3167 Meters
15 Minutes
4750 Meters
20 Minutes
6333 Meters
25 Minutes
7917 Meters
30 Minutes
9500 Meters
35 Minutes
11083 Meters
40 Minutes
12667 Meters
45 Minutes
14250 Meters
50 Minutes
15833 Meters
55 Minutes
17417 Meters
60 Minutes
19000 Meters
one found that most adjacent neighborhoods to Cajuru are accessible within a 15-minute bus
ride, assuming smooth transfers and no wait times. Trying to reach the urban core of the
municipality or the Industrial City (CIC), one also found that transit took upwards of an hour or
more, depending on the destination within the downtown core or Industrial City. If one wanted to
travel to the northern or western extremities of the municipality, even the northern extent of the
downtown core, one could expect travel times to easily exceed one hour. It is of note that some
bairros just due east of Tatuquara not directly adjacent to the bairro, also have travel times
exceeding one hour.
Imposing job concentrations upon the neighborhood boundaries, one can evaluate
commute times from Tatuquara to the bairros where there are concentrations of work. For jobs
located in the urban core, one can expect to travel upwards of an hour or more, depending on the
location. For other bairros not in the urban core that have job concentrations, such as the lower
portion of the Industrial City, the trip duration went up to 25–35 minutes. Lastly, for jobs within
Cajuru and most other bairros with work not in the urban core, commute times on the transit
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Figure 5-24 Tatuquara Municipal Transit time isochrones coverage [Data Source: IPPUC,
2009]
network could exceed one hour, since no isochrones reached them. This was the result of
requiring a bus transfer in one of the bus terminals in the urban core to reach these other bairros.
All these isochronal calculations assumed ideal transit operating conditions, smooth
transfers with no wait time. Taking into account such factors that can erode transit operating
conditions and traveling by bus, commute times can easily balloon upwards from the calculated
results. Such impacts are beyond the scope of this research.
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Figure 5-25 Tatuquara Municipal Transit time isochrones related to job concentrations [Data
Source: IPPUC, 2009]
Summary
Curitiba’s transit system provides a traditional textbook definition of low-income
accessibility issues on its transit system. Curitiba has a gradient that has job concentrations in the
urban center wherein high-income population concentrations reside and interact over a wellestablished municipal and integrated transit system. Based on evaluating the statistics on
connections that the municipal and integrated transit provides, the municipal transit system is a
transit system focused on equal access for all sectors of zoning. On the other hand, the integrated
transit system is focused on providing service towards economic activity centers.
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In the periphery of the municipality, low-income populations with few job opportunities in
their vicinity reside. Since these low-income populations are dispersed around the urban core, it
is hard to define providing access to a distributed population over a large area. These low-income
workers are shut out from living in the urban core by rising costs of living and the lack of low
skill entry jobs in the urban core. Since the urban core is the main economic center of the city,
much of the low-income populations flock to the same location, if they get transit access, and
stimulate competition for the work that is available.
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CHAPTER 6
SEATTLE: TRANSIT PLANNING OF THE US PACIFIC NORTHWEST
Introduction
Seattle is a regional city of great importance in the United States. Situated in the Pacific
Northwest, approximately 150 miles south of Vancouver, British Columbia and 900 miles north
of San Francisco, California (Rose, 1990), Seattle serves as the region’s port city and financial
center.

.
Figure 6-1 Seattle, Washington and its relative location in the US Pacific Northwest [Map
Provided by Google Earth, © 2009]
Home to 3.9 million people within its greater metropolitan area and approximately 592,800
in the city proper, Seattle has enjoyed relative economic success, specifically from the
technological boom (United States Census Bureau, 2005) (Seattle Department of Planning and
Development, 2009). The Seattle metropolitan area is home to several major corporations, not
least recognized are Microsoft, Boeing, and Starbucks. Municipal Seattle encompasses
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approximately 142.5 mi2 (369.2 km2) of land area, shared between 85 defined neighborhoods
(United States Census Bureau, 2005) (Seattle Office of the Clerk, 2009).

Figure 6-2 Seattle, Washington and its neighborhoods[Data Source: King County GIS, 2008]
Of great consequence in Seattle is its topography. Seattle is located on the shores of the
Puget Sound, allowing for the establishment of its harbor and maritime business. Beyond the
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shores of the Puget Sound, Seattle has Lake Washington to the east of the city, placing Seattle in
an isthmus type location.

Figure 6-3 Seattle, Washington and its topographical layout [Map Provided by Google Earth, ©
2009]
As a result of this constrained topography that municipal and Metropolitan Seattle has
come to develop on, one can find a varied distribution of population across the region, as well as
a channelized transportation and activity flow (Hodge, 1988). These two issues will be discussed
at greater length in subsequent sections. An important feature that exists in the transportation
network within Seattle that cannot be overlooked, are US Interstate 5 and the Alaskan Viaduct,
major expressways cutting through the heart of the city.
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Figure 6-4 Seattle's Interstate 5 and Alaskan Viaduct (WA-99) [Map Provided by Google Earth,
© 2009]
In recent years, Seattle has had to face an extraordinary level of congestion and travel
demand due to a ballooning population, upwards of fourteen percent growth. Unlike New York
City’s definition of public transportation and mobility, Seattle does not enjoy an extensive public
transportation system that covers every corner of the city. On the other hand, Seattle has made
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great stride in expanding its transit system to provide access and congestion mitigation for its
population, yet much remains to be improved.
Historical Background
Seattle, Washington had its start as an incorporated village back in 1853, where the
business of the region at the time was towards timber operations. Prior to the village
establishment, the area was primarily forested and inhabited by local Native American tribes.
After a slow start to Seattle’s development initially, growth emerged towards the end of the
century. In 1897, business in Seattle catered to the Klondike gold rush, founding supplies,
messenger, and clothing stores such as UPS, Eddie Bauer, and Nordstrom that exist today
(Wikipedia, 2009). It is in this time that the small timber village started to evolve into a
metropolitan center that is known today.
The economy of Seattle can be quite adaptive to the economic movement of the time.
Being a port city in of itself plus having abundant timber supply, Seattle was in a position to be
in the shipbuilding business, which took off after World War I. Unfortunately, the Great
Depression took a toll on Seattle’s maritime business, diverting such business to Los Angeles
and causing labor strife in the city. Seattle recouped economically during World War II, when
Boeing established itself in the area and manufactured aircraft for the war, and subsequently after
for the commercial airline business (Rose, 1990). The 1960s brought economic depression into
Seattle, which did not recover until Microsoft established itself in the area in 1979. Through the
move Microsoft made to establish itself in the Seattle Metropolitan area, other technology
companies established themselves in the area, leading to Seattle’s economic stability and rise, as
well as a major demographic shift in the population noted for a high concentration of skilled
workers (History of Seattle, 2003).
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Zoning in Seattle
In Seattle’s short history of 156 years, there have been several visions for the development
of the city, some of which carries on today. One of the earliest development plans for Seattle was
drafted by J.C. Olmstead in 1903. J.C. Olmstead, son of the late Frederic Law Olmstead, was
contracted by the City of Seattle to develop a comprehensive plan for a network of parks
(Seattle Department of Parks and Recreation, 2007). This plan would be the drive to make
Seattle a “green” city. Up to this point, lot of the development within Seattle was haphazard;
mixing land use and social classes within the development of the city (History of Seattle, 2003).
The plan spells out the need for green space and playgrounds to be within one half (1/2) mile of
every home in Seattle. All of these parks would be interconnected by a 20 mile landscaped
boulevard. This park plan remains an integral plan in Seattle today, guiding development in the
city around Olmstead recommended green space and the spirit of being a “green” city, which has
spilled over to not only planners, but also engineers and developers in the region.
A general city development plan was developed by Virgil Bogue in 1911. Bogue seized the
opportunity to leave a lasting impression in the planning world at the end of his career by taking
advantage of a 1910 Seattle charter amendment that calls for Municipal Plan Commissions that
seek plans for Seattle’s development. Bogue drafted his plan for the city, under the influence
from his earlier collaborative work with Frederic Olmstead, and having first hand knowledge of
European urban form and the “City Beautiful” movement (Anderson, 1991). Bogue’s plan
revolved around the grandiose boulevards and embraced the Olmstead Park plan.
Much of the transit in Bogue’s plan would be serviced by an integrated rapid transit
network of subways, elevated trains, and streetcars; there was no mention of the auto in the
development of Seattle, since the auto industry and its effects were only in their infancy at the
time (Anderson, 1991). Bogue met failure in the 1912 municipal elections, when the Seattle
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Figure 6-5 Olmstead Park Plan [Map Provided by Kathy Mulady of the Seattle Post
Intelligencer, © 2003]
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Figure 6-6 Bogue Master Plan for downtown Seattle [Image Provided by Davidson Galleries, ©
2008]

Figure 6-7 Bogue Master Plan skyline drawing for downtown Seattle [Image Provided by City of
Seattle City Clerk, © 2008]
citizenry voted down the implementation of his plan. Critics cited the high costs of
implementation. Furthermore, the general trend in urban development was away from the “City
Beautiful” movement and towards the “City Functional” movement, where the emphasis was
more on function than aesthetics (Blackford, 1993). Despite not being implemented in 1912,
elements of the Bogue plan, such as the harbor development, were referenced and implemented
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haphazardly over time. Today, Seattle is evaluating its transportation vision for the future, and
only now comes to find its proposal for public transportation in the Long Range Transportation
Plan bearing resemblance to the Bogue plan of 1911 (Anderson, 1991).
Population Trends
In the municipal limits of Seattle, the population is approximately 592,800, a 5% increase
compared to the 2000 census, where the population was tallied at 563,374 (The Brookings
Institution Center on Urban and Metropolitan Policy, 2003). Most of the growth within Seattle is
occurring in the outer suburban areas versus the city center. The median income within Seattle
has been measured at $45,736/ annually (The Brookings Institution Center on Urban and
Metropolitan Policy, 2003).
Evaluating the population patterns in the City of Seattle, one finds that the population is
concentrated in the downtown core neighborhoods, moderately clustered in northern Seattle, and
then along the eastern part of the city beyond Interstate 5.
In the Metropolitan Region of Seattle, the population is heavily concentrated along the
western shore of Lake Washington, followed by densities along Puget Sound. Population
densities within the Metro region become sparse as one travels along Interstate 5, south of the
urban core, through the southern metro area and King County, and into neighboring Pierce
County to the south.
Looking into the labor force population of Seattle from the 2000 census, 86% of the
overall population was of working age. Of Seattle’s working age population, 70% were
participating in the labor force and 7.4% were unemployed (The Brookings Institution Center on
Urban and Metropolitan Policy, 2003). Seattle has 115,000 jobs concentrated in the city’s central
business district. Most of the work in Seattle is in the high-skilled category. In the broader
regional context of Seattle, the rest of the employment in the metropolitan area is dispersed
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Figure 6-8 Municipal Seattle population density map (one Dot = 100 Persons) [Data Source:
King County GIS, 2008]

Figure 6-9 Metro Seattle population density map (one Dot = 100 Persons) [Data Source: King
County GIS, 2008]
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outside the municipal limits, specifically those classified for the low-income worker. This trend
has caused a demographic pull on the population. Most of the population is highly educated,
ranging from 90% high school attainment and 48% Bachelors education attainment. Seattle’s
population is noted as the third highly educated population among American cities (The
Brookings Institution Center on Urban and Metropolitan Policy, 2003).
On the issue of low-income populations, poverty is defined by the US Census as a family
not attaining an income threshold of $18,000/annually. The low-income attainment threshold for
families is defined as $34,000/annually. Of the 258,635 households recorded in Seattle for the
2000 Census, 94,454 or 37% of households were classified as low-income households (The
Brookings Institution Center on Urban and Metropolitan Policy, 2003). This value is in stark
contrast to the poverty rate for Seattle, which is 11.8% of the population (The Brookings
Institution Center on Urban and Metropolitan Policy, 2003).
Transit in Seattle
Seattle’s transit network is multi-modal and multi-faceted in nature. Seattle’s public
transportation network encompasses the modes of bus, ferry, and a central business district
(CBD) monorail. From this public transportation infrastructure, Seattle boasts an 8% modal split
towards public transit, and a lower private auto modal split than other peer cities in the United
States.
Transportation routes flow into the city center to service the concentration of work, as well
as through the city, due to topographical issues. Due to Seattle’s unique topography, which can
be compared to a funnel or hourglass, transportation predominately flows in a north/south
direction (TRB, 2003).
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Table 6-1 Seattle modal split distribution compared with peer cities in the United States
[Source: US Census American Community Survey: 2006 - S0802. Means of
Transportation to Work by Selected Characteristics]
Metro Area
Population
Mode Split (%)
Average Travel Time to
(in Millions)
P/S/T/O*
Work (min)
Baltimore
2.658
76 / 9 / 6 / 9
28.9
Minneapolis
3.175
79 / 9 / 4 / 8
23.9
San Diego
2.941
75 / 11 / 3 / 11
24.9
San Juan
2.588
75 / 12 / 5 / 8
31.5
St. Louis
2.794
83 / 9 / 2 / 7
24.8
Seattle
3.263
71 / 12 / 8 / 9
27.8
Tampa
2.698
80 / 10 / 1 / 9
25.8
New York City
18.818
51 / 8 / 30 / 11
34.1
Washington D.C.
5.289
66 / 12 / 14 / 8
33.2
Table 6-2 Seattle modal split demographic profile [Source: US Census American Community
Survey: 2006 - S0802. Means of Transportation to Work by Selected Characteristics]
Demographic
Median Value Private Vehicle
Shared Vehicle
Transit
Indicator
Median Income
$37,368
$39,819
$36,467
$33,168
Gender Ratio
55 / 45
55 / 45
55 / 45
48 / 52
(M/F) (%)
Travel Time to
27.8
25.7
32.1
45.8
Work (min)
Vehicle Ownership
3/22/42/34
1/20/43/37
2/21/34/44
16/36/30/18
(None / 1 / 2 / 3+)
(%)
Housing Tenure
68 / 32
71 / 29
65 / 35
50 / 50
(Own/Rent) (%)
This is also true for public transportation. Unfortunately, public transportation becomes
inefficient if it is in a constant struggle with regular traffic flows and does not have the option of
an on-street exclusive right-of-way. To tackle this issue in downtown Seattle, the city and Metro
Transit, the local transit agency, built a 1.3 mile transit tunnel in 1990. The transit tunnel was
developed to serve as the exclusive off-street right-of-way for buses to flow in and through the
city center (Transportation Research Board, 2003). This same transit tunnel in operation for
buses at this time, has also been retrofitted with rail, for possible light-rail implementation in the
future (Transportation Research Board, 2003). Furthermore, the Seattle transit system is
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considered to be the first transit system in the United States to employ the use of articulated
buses in its network, with implementation starting as early as 1978 (A Magic Carpet Ride Free
Zone, 2008). It was the goal of the transit agency to employ the articulated buses along heavily
used corridors to carry a larger load of passengers.
Another innovative concept that has been implemented in Seattle is a Ride-Free zone. This
zone, dating back to 1973, encompasses the central business district (A Magic Carpet Ride Free
Zone, 2008). It contains most routes in the central business district, with the exception of a few
express routes, and currently operates between 6 AM and 7 PM (King County Metro, 2009).
There are speculations as to the emergence of the Ride Free Zone, ranging from attracting
tourists and catering to office workers. According to David Anderson, the Ride Free Zone policy
could be the result of the “Theory of Constraints” (Anderson D. J., 2003). According to
Anderson’s explanation of the theory in relation to public transportation:
“Public transport systems can become virtuous or vicious cycles - the more they get used
the more provision of service, and the more available service, the more usage. Equally, the
corollary is true, the less usage, the less service is provided which leads to less usage.”
-David Anderson (2003)In application to the Seattle Ride-Free Zone, Anderson argues that the King County Metro
is trying to limit the irregularity of their bus timetables caused by high boarding concentrations
trying to pay their fare. By being able to guarantee a bus timetable that runs on time beyond the
downtown core, the transit agency is hopeful of enticing ridership and providing quality levels of
service. In hopes of enticing this ridership, the transit agency was willing to overlook the lost
revenue from the downtown core. This revenue loss in the downtown core is easily replaced with
the added return on smooth transit and regular traffic flows through the downtown corridors
(Anderson D. J., 2003).
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Evaluating the frequency of service for Seattle’s transit network, one will find a varied
headway, depending on the time of day and route destinations served. For most major routes
operating into the downtown area from peripheral areas outside the city limits, minimum
headways range from 30 minutes during peak periods, to 60 minutes during off-peak periods in
the mid-day and early evening. Most peripheral areas do not have nighttime service. For the
downtown and center city districts, transit service headways will range from 10 minutes during
the peak period, to 20–30 minutes during the off-peak period. There is limited nighttime bus
service in the downtown core and close peripheral districts, where headways will range between
30–60 minutes, depending on the route (King County Metro, 2009).
Evaluating the transit fares in Seattle, one can find the burden on income that riders have in
using the transit network. Currently, there is a tiered-fare policy within the Metro Transit
network. For peak periods, which consists of the time between 6–9 AM and 3–6 PM, fares will
range from $2.00 to $2.50 a boarding, depending if a rider is going within or beyond the Seattle
city limits but within King County, Washington. For all other times, the fare is $1.75 for a
boarding. There are unlimited transfers within the Seattle municipal/county transit system and
the regional commuter system. For most transfers, they have to be conducted within an hour of
being issued a transfer pass from the driver.
From the perspective of the low-income worker, transit fares is a cost to consider in their
travels. Based on two one-way municipal trips, valued at $4.00 a day, working five times a week,
for approximately fifty weeks a year, the cost to use the transit system per user is approximately
$1,000. For the low income user who averages an income of $34,000, this represents 3% of their
earnings, and fluctuates upwards the lower their income is.
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CHAPTER 7
FINDINGS WITHIN THE SEATTLE CASE STUDY
Population Concentrations
As per analysis of the geo-spatial data, the social demographic of Seattle was mapped.
Pockets of high-income and low-income concentration were identified within this demographic
mapping. Income clusters were identified by assessing the ratio of low-income households to
total households in the neighborhood. Neighborhoods below one standard deviation were
classified as High Income Concentrated Neighborhoods, and neighborhoods that were above one
standard deviation were classified as Low Income Concentrated Neighborhoods. Most
neighborhoods within Seattle that have high concentrations of affluent populations were located
in pockets on the municipal fringe and away from the city center.

Figure 7-1 Seattle High-Income population concentrations [Data Source: King County GIS,
2008]
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The general concentrations of the low-income households in respect to these high-income
population concentrations were located in a corridor running through the municipal center. This
was most pronounced to the south of the city center. This low-income concentration correlates to
the location of US Interstate 5 that runs through the heart of the city.

Figure 7-2 Seattle population concentrations [Data Source: King County GIS, 2008]
As to the specifics of the low-income population concentrations, it was evaluated in two
ways. One such way to view low-income population concentration is to look at it from the
perspective of the ratio of the low-income population to the total population of a neighborhood.
For selecting neighborhoods under this viewpoint, neighborhoods that were below one standard
deviation from the mean ratio low-income households to total households were selected.
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Figure 7-3 High Low-Income population relational to neighborhood population [Data Source:
King County GIS, 2008]
Most of the neighborhoods in this viewpoint are located in a corridor axis from the city
center, and going south along the length of Interstate 5. The exceptions to this trend are the
neighborhoods on the northern fringe of the city limit, the University District, and the Broadway
neighborhood. The University District is an anomaly to the trend of low-income population
concentration, for this is the location of the University of Washington, where its students are
noted for making low to no income yet the Census does not discuss any parental contribution for
this population’s wellbeing. As to the Broadway neighborhood that lies to the northeast of the
Central Business District (CBD), it shares similar characteristics as the University District, with
a large student population attending Seattle University and Seattle Central Community College.
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Another viewpoint to evaluate low-income population concentrations was to evaluate the
ratio of low-income population in a neighborhood to the total low-income population in the
municipality. In this viewpoint, the neighborhoods with the highest distribution ratio of lowincome population in the municipality would be selected until the ratio sum equals 37%. This
value is selected, so to equal the municipal low income population ratio.

Figure 7-4 High Low-Income population relational to Municipal Low-Income population [Data
Source: King County GIS, 2008]
In this viewpoint, the neighborhoods with the highest proportion of low-income population
within municipal Seattle are clustered within the city center and to the south of the city center,
areas generally known as Beacon Hill, Columbia City, and Rainier Valley; the last three areas
situated to the east of Interstate 5.
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In both viewpoints that highlight low-income population concentration, the neighborhoods
of Beacon Hill (North, Mid, and South), Columbia City, Rainier Valley, the Central Business
District, Lower Queen Anne, First Hill, and Minor emerge out as significant neighborhoods with
a high low-income concentration, irrespective of which viewpoint of low-income population
concentration is considered.
For more information on the population characteristics of Seattle’s neighborhoods,
especially on the statistical distribution of low-income household to total household ratio, please
refer to Table B-1 (Seattle Population Characteristics) in the appendix.
Employment Concentration
Another consideration in this analysis of Seattle is employment. One has to know where
jobs are located in the city, so to evaluate how this relates to the population concentration of lowincome workers. Evaluating employment concentration can take on two views to highlight high
or low job concentration. The first viewpoint in evaluating job concentration is to take into
consideration absolute numbers. Which neighborhoods have a high absolute number of jobs?
From there, one looks at which neighborhoods have the highest number of jobs, and the lowest
number of jobs. The neighborhoods above or below one standard deviation were selected in the
high job numbers and low job numbers categories.
The alternate viewpoint in analyzing employment is to look at how many jobs are there per
worker. This viewpoint was evaluated by deriving a ratio that places the number of households
over the number of jobs in a respective neighborhood. From this ratio, one was able to highlight
the top neighborhoods by being above or below one standard deviation in the high job numbers
and low job numbers categories.
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Figure 7-5 Seattle absolute job concentration by neighborhood [Data Source: King County GIS,
2008]
What can be found analyzing employment in Seattle is that there is an availability of jobs
in the downtown core and to a corridor of neighborhoods to the south of the CBD and west of
Interstate 5, since household to job ratios were found to be below two and the absolute job count
was the highest. What those ratio values signify is the number of workers (assumed as two per
household) there are to one job. Where job density is lacking is in the seven neighborhoods,
which emerges as three clusters of neighborhoods (the vicinity of Sand Point, northwest Seattle,
and Bryn Mawr / Skyway cluster).
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Figure 7-6 Seattle relative job concentration by neighborhood [Data Source: King County GIS,
2008]
Taking a close look at the statistics behind the maps, job densities are correlated to lowincome concentrations. The statistics within Seattle’s neighborhood dictate that much of the lowincome population lives within or near concentrated areas of work. On the contrary, high-income
concentrated neighborhoods live far away from the job concentration.
Despite jobs being located in the downtown core and southern corridor axis and lower job
densities in the municipal fringes, one also has to evaluate where sector specific jobs are located.
Blue-collar workers would qualify for manufacturing and industrial jobs than they would for a
commercial service job. Most commercial service jobs are geared towards skilled educated labor.
Industrial specific jobs can be found in two clusters lying north and south of the downtown core.
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The northern cluster encompasses the Interbay neighborhood. The southern cluster encompasses
the neighborhoods of the Industrial City (Duwamish), Harbor Island, and Georgetown.

Figure 7-7 Seattle Industrial job concentration by neighborhood [Data Source: King County GIS,
2008]
Comparing this industrial job concentration to population, there are correlations and
anomalies. Where there are industrial jobs in the southern cluster, there is a high correlation to
low-income population clusters. Furthermore, the southern cluster is home to the Port of Seattle,
King County Airport, Boeing Field, and within the vicinity of Seattle-Tacoma International
Airport. With the concentration of these major transportation modes, there is correlation of
industrial jobs in fields of air or marine freight, as well as manufacturing jobs related to Boeing.
On the contrary, the northern cluster of industrial work is near some affluent neighborhoods in
Seattle’s northwest end.
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Though low-income populations are less qualified to seek commercial sector jobs, they are
not exclusively removed from pursuing blue-collar service and commercial work. Evaluating
where commercial level employment is located, one will find a large concentration of
commercial work in the downtown core, Adams neighborhood, and in a cluster in the northern
fringes of the municipal limits.

Figure 7-8 Seattle Commercial job concentration by neighborhood [Data Source: King County
GIS, 2008]
The jobs in the downtown core is where most of the skilled labor is concentrated at, so it
should not be seen as a focal point of employment opportunities for low-income populations,
though it should not be disregarded. The neighborhood cluster on the northern municipal fringe
is of interest. This area is noted when compared to population trends, an area with low-income
population concentrations within the neighborhood.
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For more information on the employment characteristics of Seattle’s neighborhoods,
especially on the statistical distribution of relative versus absolute job concentration values, refer
to Table B-2 (Seattle Employment Characteristics) in the appendix.
Transit Stop Availability
Much has been discussed in the introductory segments on Seattle’s transit system. For
purposes of this case study, the first aspect to evaluate about transit is the availability of a transit
stop. What kind of stop density exists in one’s neighborhood? In the case of Seattle, one will find
much of the stop density highest in the urban core as well as in a pocket in Rainier Beach.
Transit stop densities by area are the lowest in the Madison Point and Harbor Island
neighborhoods, as well as the Sand Point area. This finding is based on evaluating stop density
by land area within the neighborhood.

Figure 7-9 Seattle transit stop density by area by neighborhood [Data Source: King County GIS,
2008]

130

Examining the stop density by neighborhood population density, one can find a different
portrait of transit accessibility for neighborhood populations. One also finds the Industrial
districts (Duwamish and Georgetown) with high transit stop density by population. This finding
states that these neighborhoods are destination neighborhoods, which is validated through the job
concentration trends in the earlier section.

Figure 7-10 Seattle high transit stop density by population density by neighborhood [Data
Source: King County GIS, 2008]
Examining the map for the location of low transit stop density by population density, one
will find that most areas that have low stop densities which correlate to neighborhoods in the
northern part of the municipality, but it does not have any correlation to any concentrated income
populations (high or low). Overall, this map highlighting transit stop density to population points
out a major flaw in the Seattle transit system. Much of the stop concentrations have no specific
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correlation to general population concentrations, nor does it serve the low-income population
well, which is more reliant on transit services.
One other relationship in respect to stop density was explored as well in this analysis. Stop
density was also looked at based on employment density. In this analysis, one finds low levels of
stop density in the industrial neighborhoods (Georgetown, Interbay, Cascade, Eastbay, Adams,
and South Park), whereas higher stop densities are located in the peripheral neighborhoods in the
northern and southern fringes of the city.

Figure 7-11 Seattle high transit stop density by employment density by neighborhood [Data
Source: King County GIS, 2008]
By having low stop density per employment density, stops are limited and located in
concentrated employment locations in the industrial city, demonstrating high levels of job
opportunity and a low level of commuters departing from these neighborhoods. On the contrary,
the same stops are more numerous in the peripheral neighborhoods, due to the dispersed and
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sparse nature of employment sites the further away one gets from the industrial core. This high
transit stop density by employment also designates commuter neighborhoods within the
municipality.
Evaluating the statistical trends between the neighborhoods, several trends emerge to
reinforce job opportunity locations and locate low-income commuter neighborhoods. According
to the statistics in Appendix B-3 (Seattle Transit Stop Density Characteristics), the
neighborhoods of Adams, Eastlake, Georgetown, Harbor Island, Interbay, Georgetown, South
Park, West Woodland, and Westlake emerge as commuter destination neighborhoods. The
neighborhoods of View Ridge and White Center emerge as affluent commuter neighborhoods.
The neighborhoods of First Hill and Yesler Terrace emerge as low-income commuter
neighborhoods with transit stop densities that would suggest good transit service for the lowincome population residing there. The commuter neighborhoods that are evident from the
statistics have the common trait of being affluent neighborhoods, which also have the tendency
of being in the periphery of the municipal limits. On the other hand, neighborhoods with good
transit access to employment are also tied to low-income neighborhoods, yet provide no good
transit stop density for the respective residing population.
Walkability to Transit Stops
Once establishing the general availability of transit stops within a respective neighborhood,
the next issue that comes to mind for the typical user, is the distance it takes to get from their
home or place of work to the transit stop. Is it within a reasonable walking distance? To assess
walkability to transit stops, the analysis was done from a residential, commercial, and industrial
parcel viewpoint. Parcel to stop distance averages were calculated per neighborhood, and then
analyzed and mapped onto the municipality map to assess walkability.
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Residential Parcels to Transit
According to the residential parcel viewpoint on walkability to stops, one can find that all
neighborhoods have residences near a quarter of a mile (1320 feet, 400-meters) of a transit stop,
regardless of the stop to the neighborhood or neighborhood to stop point of view; Euclidian
versus Manhattan distance. This finding is quite impressive for the City of Seattle. To scrutinize
walkability to transit on the residential viewpoint, the walkshed threshold was lowered to an
eighth of a mile (660 feet, 200 meters). In this viewpoint, there were some neighborhoods with
some transit walking accessibility. Of note are the Madison Park, Windermere, Harrison/DennyBlaine, and Meadowbrook neighborhoods, which are beyond the walkshed threshold from a
Euclidian measure. With the exception of the Meadowbrook neighborhood, the neighborhoods
are noted for their concentration of high-income residents.
From a Manhattan measure, the general northeast and northwest neighborhoods, and the
neighborhood clusters of Columbia City, Mid Beacon Hill, and Seaward Park as well as
Riverview, High Point, and Roxhill are noted to have average walk distances beyond the
walkshed threshold. The Beacon Hill neighborhood cluster in the south part of the city is noted
for the concentration of low-income residents within the municipality.
Going further into the statistics behind the map, there is a general correlation that for lowincome concentrations not in the urban core, walk distances to transit tend to be on the higher
end than the municipal average. This is the case within the High Point, Greenwood, Columbia
City, Mid Beacon Hill, and to an extent in North Beacon Hill. This suggests extra effort on the
part of these specific low-income populations to access transit. It is also common to find highincome concentrated neighborhoods having high average walk distance to transit stops as well,
indicating that the affluent populations are not employing the use of public transit and in turn,
degrading service in their neighborhoods.
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Figure 7-12 Residential to transit stop average walking distances [Data Source: King County
GIS, 2008]
A detailed profile of the residential to transit walk distances can be found in the Appendix,
under Table B-4 (Seattle Residential to/from Transit Walk distances).
Commercial Parcels to Transit
As per the commercial parcel viewpoint on walkability to stops, one found that all
neighborhoods have commercial establishments near a quarter of a mile (1320 feet, 400-meters)
of a municipal transit stop, regardless of the stop to the neighborhood or neighborhood to stop
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point of view; Euclidian versus Manhattan distance. This finding is quite impressive for the City
of Seattle. To scrutinize walkability to transit on the residential viewpoint, the walkshed
threshold was lowered to an eighth of a mile (660 feet, 200 meters). In this viewpoint, only the
High Point neighborhood emerges as a neighborhood with walkshed distance issues beyond the
defined threshold. This neighborhood is noted for having a low stop density by population, as
well as being defined as a low-income population area irrespective of the neighborhood
population.

Figure 7-13 Commercial to transit stop average walking distances [Data Source: King County
GIS, 2008]
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A detailed profile of the commercial to transit walk distances can be found in the
Appendix, under Table B-5 (Seattle Industrial to/from Transit Walk distances).
Industrial Parcels to Transit
According to the industrial parcel viewpoint on walkability to stops, one will find that all
neighborhoods have industrial establishments near a quarter of a mile (1320 feet, 400-meters) of
a municipal transit stop, regardless of the stop to the neighborhood or neighborhood to stop point
of view; Euclidian versus Manhattan distance. This finding is quite impressive for the City of
Seattle. To scrutinize walkability to transit on the residential viewpoint, the walkshed threshold
was lowered to an eighth of a mile (660 feet, 200 meters). Before proceeding in the analysis of
industrial parcel distance to transit stops, it is of note to mention the significant number of
neighborhoods with no defined industrial parcel. This does not preclude industrial employment
and establishments in these neighborhoods, but with land use codes allowing for mixed
development, as well as data availability, industrial parcels were identified by specified City of
Seattle land use codes that specifically outline industrial parcel codes.
For the neighborhoods with established industrial parcels, one can find that most
neighborhoods have poor walk distance averages to transit stops. Most of the defined
neighborhoods with high industrial job concentrations exemplify poor walk distance averages.
Such examples include the Interbay, Georgetown, Harbor Island, and South Park neighborhoods.
Only the Industrial City neighborhood has high concentrations of industrial jobs and has good
walk distance to transit averages.
A detailed profile of the industrial to transit walk distances can be found in the Appendix,
under Table B-6 (Seattle Industrial to/from Transit Walk distances).
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Figure 7-14 Industrial to transit stop average walking distances [Data Source: King County
GIS, 2008]
Transit Stop Walksheds
Up to this point in the section, we have identified neighborhoods with levels of walkability
to transit that are within or beyond a defined acceptable walking distance. This can be seen not
only in the earlier figures for residential, commercial, and industrial walk to transit discussion,
but in the statistical charts located in the appendix. One other analysis that has not been
conducted is imposing the walkshed from the transit stops on the neighborhoods. How much of
the neighborhood does the walkshed for the municipal transit cover? How many residential,
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commercial, and industrial parcels within a neighborhood are within the defined quarter-mile and
eighth-of-a-mile walkshed to the transit stop? This final analysis provides the visual
representation of accessibility for the Seattle transit system, and can be correlated to low-income
residential areas and employment centers.
Quarter-Mile Walkshed
To evaluate walkshed coverage that can be compared between Seattle and Curitiba, the
quarter-mile walkshed had to be generated. This is the only walkshed threshold that can be
compared to Curitiba’s walkshed coverage. In the Seattle municipal limits, 80.12% of the area is
contained within the quarter-mile walkshed.

Figure 7-15

Seattle quarter-mile walkshed [Data Source: King County GIS, 2008]
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In this quarter-mile walkshed, 87.87% of residential parcels, 99.53% of commercial
parcels, and 80.85% of industrial parcels are also contained within. These numbers highlight
relative excellent access for transit users, regardless of coming from home or work. Within these
numbers, transit stop access is heavily biased towards commercial establishments before
residential areas.
Another trend that comes out from the quarter-mile walkshed statistics is a stark difference
of walkshed coverage of neighborhoods considered high-income versus low-income. Regarding
high-income neighborhoods, 66.14% of these are contained within the walkshed. This value
contrasts the 84.56% of the low-income neighborhoods that are contained in the quarter-mile
transit walkshed. With such a statistic, it begs the question if low-income populations have
decent transit access, but the issue arises in Seattle as to destinations and getting to work. This
question is reinforced with the transit walkshed coverage over job concentrated neighborhoods
averaging 59.79%. With such numbers, low-income populations have coverage within the scope
of transit service, yet the locations where there are job opportunities they do not have decent
coverage to support an employment endeavor by an blue-collar worker.
Specifics of the Quarter-Mile Seattle Transit Walkshed, relating to the neighborhoods can
be found in Table B-7 of the Appendix.
Eighth-Mile Walkshed
The eighth-mile walkshed, which was used to scrutinize walk distance averages for
neighborhoods in Seattle, is another walkshed that was generated. This eighth-mile walkshed
only provides comparison between this walkshed and the quarter-mile walkshed. In the Seattle
municipal limits, 49.53% of the area is contained within the eighth-mile walkshed.
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Figure 7-16

Seattle eighth-mile walkshed [Data Source: King County GIS, 2008]

In this eighth-mile walkshed, 53.30% of residential parcels, 92.04% of commercial parcels,
and 59.86% of industrial parcels are also contained within. These numbers highlight relative
decent access for transit users, regardless of coming from home or work. Within these numbers,
transit stop access remains heavily biased towards commercial establishments before residential
areas. What is unique in the numbers between the quarter-mile and eighth-mile walkshed is the
bias towards industrial establishments versus residential parcels in the eighth-mile walkshed.
Another trend that comes out from the eighth-mile walkshed statistics is a stark difference
of walkshed coverage of neighborhoods considered high-income versus low-income, albeit at a
scaled level compared to the quarter-mile walkshed. In respect to high-income neighborhoods,
40.26% of these neighborhoods are contained within the walkshed. This value contrasts with the
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59.04% of the low-income neighborhoods that are contained in the quarter-mile transit walkshed.
With such a statistic, it begs the question if low-income populations have decent transit access,
but the issue that arises in Seattle is regarding destinations and getting to work. This question is
reinforced with the transit walkshed coverage over job concentrated neighborhoods averaging
39.41%. With such numbers, low-income populations have coverage within the scope of transit
service, yet the locations where there are job opportunities they do not have decent coverage to
support an employment endeavor by an blue-collar worker.
Specifics of the Quarter-Mile Seattle Transit Walkshed, relating to the neighborhoods can
be found in Table B-8 of the Appendix.
Transit System Travel Time
For purposes of this investigation, three neighborhoods (Greenwood, Broadway, and
Columbia City) were selected in this case study, for their unique characteristic of having a high
proportionate share of low-income households in the case study. These neighborhoods also have
a high ratio of low-income households within the neighborhood (Broadway and Columbia City)
or just having a high proportionate share of low-income households within the case study
(Greenwood). These neighborhoods were selected, based on these characteristics, and relating to
the central question of evaluating public transit accessibility for low-income workers. Three
neighborhoods were selected within the case study, because due to the large number of bus stops,
the complexity of the transit network, and the number of neighborhoods in the selected case
study, it would involve extensive resources to calculate time isochrones and provide analysis for
all of them.
Since all the neighborhoods share one transit system throughout the municipality, each
neighborhood being studied in detail will be generating isochrones in the same analysis
environment. For purposes of all the neighborhood case studies, the transit system average speed
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of 15 mi/hr (King County Metro, 2009)was used to generate time isochrones, using the transit
system. With this in mind, the following time increment used in all the neighborhood case
studies was defined as five (5) minutes. Because of the time increment and average transit speed,
the following distances were used to generate the isochrones.
Table 7-1 Seattle isochrone travel distances by time on Municipal Transit
Time
Distance
5 Minutes
6600 Feet
10 Minutes
13200 Feet
15 Minutes
19800 Feet
20 Minutes
26400 Feet
25 Minutes
33000 Feet
30 Minutes
39600 Feet
35 Minutes
46200 Feet
40 Minutes
52800 Feet
45 Minutes
59400 Feet
50 Minutes
66000 Feet
55 Minutes
72600 Feet
60 Minutes
79200 Feet
After inputting all the parameters into the Network Analyst application of ArcGIS, twelve
time isochrone line layers are generated from the transit stops in all the neighborhoods being
studied, traveling throughout the city via the city transit system.
Broadway
Broadway is one of the defined neighborhoods in Seattle. Earlier in this study we found
that Broadway is a neighborhood noted for having a proportionate share of Seattle’s low-income
population and a high low-income population ratio within the neighborhood. Broadway is
located in the central portion of the municipality, just due northeast of the Central Business
District.
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Figure 7-17 Broadway neighborhood within Municipal Seattle [Data Source: King County
GIS, 2008]
Because of Broadway’s central location in the city, time isochrones generated from the
neighborhood have a reach over the city within the average of 30 minutes in any direction of the
neighborhood.
Imposing these same isochrones upon where jobs are located within the city, it can be
found that transit is well connected for low-income residents of Broadway within a 20–25 minute
window.
All these isochronal calculations assume ideal transit operating conditions, smooth
transfers with no wait time. Taking into consideration factors that can erode transit operating
conditions and traveling by bus, commute times can easily balloon upwards from the calculated
results. Such impacts are beyond the scope of this research.
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Figure 7-18 Broadway Municipal Transit time isochrones coverage [Data Source: King
County GIS, 2008]

Figure 7-19 Broadway Municipal Transit time isochrones related to job concentrations [Data
Source: King County GIS, 2008]
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Greenwood
Greenwood is one of the defined neighborhoods in Seattle. Earlier in our findings, we
found that Greenwood is a neighborhood noted for having a high low-income population ratio
within the neighborhood. Greenwood is located in the north-central portion of the municipality,
just due north of the Ballard Business Area.
Because of Greenwood’s central location in the north of the city, time isochrones generated
from the neighborhood have a reach into the downtown core within the average of 30 minutes.

Figure 7-20 Greenwood neighborhood within Municipal Seattle [Data Source: King County
GIS, 2008]
Imposing these same isochrones upon where jobs are located within the city, it can be
found that transit is decently connected for low-income residents of Greenwood, based within a
20–25 minute window. The only detriment to Greenwood’s location is that the jobs in the city
are located south of the urban core, opposite Greenwood’s location, which translates to travel
times close to one hour.
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Figure 7-21 Greenwood Municipal Transit time isochrones coverage [Data Source: King
County GIS, 2008]

Figure 7-22 Greenwood Municipal Transit time isochrones related to job concentration [Data
Source: King County GIS, 2008]
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All these isochronal calculations assume ideal transit operating conditions, smooth
transfers with no wait time. Taking into account such factors that can erode transit operating
conditions and traveling within the bus, commute times can easily balloon upwards from the
calculated results. Such impacts are beyond the scope of this research.
Columbia City
Columbia City is one of the defined neighborhoods in Seattle. In the earlier sections of the
findings, we found that Columbia City is a neighborhood noted for having a proportionate share
of Seattle’s low-income population and a high low-income population ratio within the
neighborhood. Columbia City is located in the southeast portion of the municipality, just due east
of the Industrial City area.

Figure 7-23 Columbia City neighborhood within Municipal Seattle [Data Source: King
County GIS, 2008]
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Because of Columbia City’s off-center location in the south of the city, time isochrones
generated from the neighborhood have a reach into the downtown core within the average of 30
minutes. Trying to reach the northern extremities of the municipality, travel time reaches 60
minutes.

Figure 7-24 Columbia City Municipal Transit time isochrones coverage [Data Source: King
County GIS, 2008]
Imposing these same isochrones upon where jobs are located within the city, it can be
found that transit is decently connected for low-income residents of Columbia City, yet the
neighborhood’s location on the opposing side of the Interstate 5 Right of Way channelizes transit
flow from Columbia City to the Industrial City and points west where jobs are relatively
plentiful.
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Figure 7-25 Columbia City Municipal Transit time isochrones related to job concentration
[Data Source: King County GIS, 2008]
All these isochronal calculations assume ideal transit operating conditions, smooth
transfers with no wait time. Taking into consideration such factors that can erode transit
operating conditions and traveling by bus, commute times can easily balloon upwards from the
calculated results. Such impacts are beyond the scope of this research.
Summary
Seattle’s definition of public transit accessibility deficiencies for the low-income user is
quite different from that of Curitiba. Seattle’s transit system is well established, and provides
walkable transit access for residents across the municipal area. In relation to high versus lowincome populations, high-income populations see less transit access, since they rely on the auto
for their travels and live in peripheral neighborhoods of the municipality. On the other hand,
low-income populations see average transit services within their centrally located neighborhoods
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in the municipality. Problems arise for low-income users on Seattle’s transit system because
transit does not go towards economic activity centers beyond the traditional urban core directly,
if at all. Much of the transit system is oriented towards a fixed route network connecting
neighborhood residential areas to the urban core, skipping over economic activity centers in the
vicinity.
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CHAPTER 8
DISCUSSION
Throughout the analysis process in these two case studies, the central themes addressed in
the Literature Review were constantly revisited. Questions of what factors constitute the two
aspects of accessibility (access and geographical coverage). Questions of Transit’s impact on
social equity, economic development, and employment were revisited through the course of this
research. Each case study brings some similar traits on the surface of the data, but each also
brings a different vantage point to the issue of accessibility of the low-income worker. The issues
to be addressed in this discussion include:


Low-income Population Trends – Where are they? In what relation to high-income
population concentrations?



Urban Economic Form as a Result of Public Transit – Where are the jobs located? What
relation do the jobs have to low-income population concentrations? Does transit service
these economic centers of activity?



Low-income Access to Transit – Are there transit stops where low-income people live?
Are low-income populations within walking distance to transit?



Public Transit Equity – Based on where the jobs are and where people live, is the transit
service that is provided equitably distributed or focused towards a certain population?
After addressing the issues that correlate the relationship low-income workers have to

public transit and the accessibility to it, we make one more visit back to the case studies. In this
final step, we take time to address some of the transit system’s flaws by way of the statistics and
analysis done so far, and provide recommendations for improvement. By the same token, each
case study addressed a unique part of the question of public transit accessibility towards lowincome users. What can we extract from the case studies that can be brought together as lessons
for other contemporary cities of similar circumstance and conditions?
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General Low-Income Population Trends
Planners and policy makers have to understand the population that inhabits the urban form
before they can devise or adjust policy to manipulate this same urban form. Transit systems play
a role in how these populations of high and low-income households agglomerate in the
metropolitan area. In the case of Curitiba, the urban core attributed high-income populations.
Most of the low-income populations can be attributed to the fringe bairros of the municipality.
In the case of Seattle, the reverse trend of low income workers living in the core and the high
income population living in the fringe was evident. In both cases, transit was very high and
accessibile in the urban core. The further one gets from the urban core, the sparser transit
services get.
Demographic forces in cities influenced where low-income populations live. In cities with
demographics like Curitiba, low-income populations were forced away from the urban center, to
a point where they do not belong to the metropolitan area by the high cost of living in the urban
nuclei. Conversely, in cities with demographics like Seattle, low-income populations are drawn
to the urban core, in hopes of finding work and cheap living. What this low-income population
found in the urban core is an agglomeration of other low-income families, with average access to
a decent public transportation infrastructure, but no access to blue-collar work.
The population demographic in Curitiba is a hallmark to the typical American urban form
before the automobile became the dominant mode of travel. The unusual nature of Curitiba
holding on to such urban form from the days of the streetcar is an accomplishment in itself in
harnessing urban sprawl and concentrating jobs in a key area.
On the other end of the spectrum, we have the Seattle case study. Seattle is an American
city, which has been impacted by the advent and mass usage of the car. American history
attributes the car for the start of suburbanization and the radical shift in population demographics
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of a city. Instead of a high-income nuclei, the upper class families were moving to the periphery;
away from the vicinity of their work, and enjoying freedoms bestowed upon them by the use of
the car. These trends in Seattle led to the decentralizing nature of population and work within the
urban area.
The detriment to Curitiba’s urban demographic is that low-income populations are
dispersed along the fringe of the municipality. This population can not access the system to get
to work, located in the urban nuclei. Similar circumstances can be seen in Seattle as well, but
with the distinction that the low-income workers have access to transit around the municipality,
yet can not access employment opportunities dispersed in the auto dominated urban fringe. The
transit system cannot adapt to the changing location of work in Seattle, thus low-income workers
are put at a disadvantage in getting work.
It becomes a challenge in defining transit service that could serve a wide distribution of a
segmented population, than focusing on a concentrated area. This is the challenge transit
planners in Curitiba have in working with low-income households, and in Seattle towards bluecollar employment. The aim of the Curitiba master plan and municipal policies is to agglomerate
the population to the city nuclei and to the satellite integrated transit terminals. It is from these
nuclei and satellites where the city can focus its energies in providing more reliable transit. Such
initiatives do not materialize easily. Issues such as affordable housing, social services, and
impacts on the urban fabric come into play, which is beyond the scope of this research.
What can we assess from the case studies? If a city has a transportation network that
heavily constricts cars (or lacks the economic accessibility for the majority of the population to
cars such as some cities in third world countries) and has land use and zoning geared strongly
towards public transit, such as in Curitiba, the urban form will mold towards a high-income
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nuclei, and the low-income drawn out to the periphery. On the other hand, if zoning and land use
are not strongly tied to transportation considerations, such as in Seattle, then the urban form will
mold towards a low-income nuclei and a dispersed economic core.
Urban Economic Form
Briefly, we have touched upon how transit affects the urban economic form. In one case of
transit operations and policy, transit keeps jobs concentrated and accessible. In another case of
transit operations and policy, transit operates towards the resident, and cannot adapt to the everchanging job concentration. The common denominator between the two case studies comes
down to an issue of zoning and integrating transit with zoning. Curitiba has a zoning plan that
has sectioned off parts of the municipality for specialized purposes, but brings all zoning types
together via its transit system. Curitiba planned a city on how different uses will come together
and how they will interact over the municipal space. On the contrary plans in Seattle were
drafted in the early 20th century, moved by aesthetics initially, and then segregated functions.
There was no plan to merge land uses or correlate land uses to transit. As a result, employment
opportunities shift as chance arises, leaving a transit system and ridership playing catch-up to
adjust to the changing employment opportunities. It is in such an environment like Seattle, where
high-income populations and anybody who can own a car, resort to their use, leaving transit
systems to wither due to disuse. This is evident in the high-income neighborhoods that have long
walks to transit services and low stop densities.
Curitiba’s case study, though lauded for its progressive policies in reigning in urban sprawl
and ensuring access to work opportunities, fails to consider access for its ridership. Where
Seattle can boast that its entire municipal area is within a quarter-mile of a transit stop and
Curitiba does boast such a feat, Curitiba cannot provide reasonable transportation access for all
its citizens, especially the low-income populations. Though Seattle can provide transit access for
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its low-income population, it can not provide reasonable transportation access to blue-collar
work opportunities for this same population.
Low-Income Accessibility Redefined
There is a growing dichotomy in transportation policy focus between the two case studies.
The first part of the dichotomy addresses where jobs and populations are located in the city and
how transit engages these two factors in availability. The next part of the dichotomy addresses
the engagement the system operations have on the rider.
What the two case studies provide is two city archetypes on the basis of their public transit
accessibility towards the user. In the first archetype, as demonstrated by Curitiba, the affluent
and employers have priority and are catered to in transit services. The low-income concentrated
areas suffer due to the lack of transit service, followed by the long average distances to/from the
transit stop from their homes. It is in this population we find low-income users beyond the scope
of the transit system walkshed. Even if the low-income user gets on the transit system there is
still the issue of getting across the geographical space, the second part of the accessibility
definition.
The second archetype that became evident within the Seattle case study is the direct
opposite of Curitiba’s type. Public transit is existent in locations of low-income concentrated
populations. Flow of the transit system is geared towards conformance of the topography and the
fixed residential sectors of the city. Transit is distributed equitably over an area, ensuring that the
municipality can enjoy access to transit within the prescribed quarter-mile walkshed.
Unfortunately, having distributed transit across the spectrum of geographic coverage does not
guarantee access to work. Because of many direct routes operating within Seattle, operating to
the topography and homes versus routing that works together and with the aim of harnessing
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economic activity to the resident, Seattle’s transit system becomes an impediment towards public
transit accessibility towards the low-income user.
Another aspect to evaluate, beyond the scope of the geo-spatial and statistical trends
exhibited between and within the case studies, is the aspect of affordability to transit. Each case
study had a discussion on transit fares. Based on currency conversion, the fare in Curitiba is
markedly cheaper than that of Seattle. This would indicate affordability of the Curitiba transit
system. What this discussion and this document did not go into too much detail, so as to not go
beyond the scope of the research, is the issue of purchasing power parity between low-income
users in both case studies to their respective transit system. In Curitiba’s transit system, we find
that transit affordability for low-income users becomes out of reach. Users have to use at
minimum, 35% of their income to use the transit system. This does not take into detailed
consideration the multiple transfers that Curitiba low-income residents have to do, in order to get
from the urban fringe, lacking in much transportation coverage, to get to the urban core.
This transit fare reality in Curitiba is in stark contrast to the experience of Seattle lowincome transit users. With transfers free and interconnected through the whole system, Seattle
low-income users spend approximately 3% of their income (if earning $34,000 / annually), to use
transit. This disparity in purchasing power parity between these two distinct low-income
populations, adds on a new dimension for further research to the spatial mismatch problem;
affordability of services.
Case Study Transit System Criticisms and Innovative Strategies
So what constitutes public transit accessibility for low-income workers, based on these two
case studies? One initial aspect of accessibility is the availability to transit stops and services.
This fact is something that is exemplified in Seattle and lacks in Curitiba. The other aspect to
accessibility is to guide transit services towards activity centers. In this regard, Curitiba becomes
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quite successful and Seattle fails to orient economic activity towards transit centers. Transit
planners need to merge two planes of the social urban fabric as one fabric. Both cities have yet to
merge the plane of the low-income worker and economic demands. A balance between molding
transit towards the residential fabric of the worker and using policy and transit routing to harness
employment and economic activity into concentrated centers of employment has to be
converged, so as to make the transit system efficient and attractive for all workers.
Curitiba has a two-tiered transit system addressing accessibility for different purposes. The
Municipal transit system gears its operations in providing access to all users in the system. On
the other hand, the Integrated Transit System is geared towards the employment concentrations
of the city. Intersecting the two systems better, and expanding municipal service into areas of
low coverage can assist in improving public transit accessibility for the low-income populations,
and guide them towards more economic opportunities that the Integrated Transit system is
prepared to deal with. Adopting a Seattle type transit networking of parallel corridor routes,
could help address expanding Curitiba’s Municipal transit system to address low-income
accessibility. Using parallel transit routes that are spaced equitably and feeding into the satellite
terminals, a larger swath of the low-income population can be captured in the transit walkshed,
and can have transit accessibility. To benefit Seattle and other cities in Seattle’s situation, an
overlaid integrated transit system, focused on circulating between the activity centers would
bring low-income transit users closer to work opportunities.
Summary
Much of the trends exhibited in the case studies and highlighted throughout this chapter
and document are reaffirmations of John Kain’s spatial mismatch theory. Kain’s theory
discussed the mismatch between employment and population concentration. What Kain did not
strongly develop in his theory was the connection of public transit accessibility and the role it has
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in creating the spatial mismatch between employment and population concentrations. It is this
public transit accessibility, by way of access and geographic coverage defined by Murray and
Wu, where spatial mismatch can take on a defined typology. In the typology, common factors in
employment and population concentrations as well as transit service accessibility can be
identified to define the cause of the typology. Defining the root factors in a spatial mismatch
typology, can there be policies drafted and implemented to shape population, employment, and
transit characteristics.
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CHAPTER 9
CONCLUSION
Summary of Research Findings
In the course of this research, exploration has been on the issue of public transit
accessibility for low-income users in select cities in the Americas. The intent of the research was
to explore if there was a trend within the Americas as to how transit accessibility for low-income
workers is conceptualized. Through the study of Seattle, Washington, and Curitiba, Brasil, one
can conclude from the findings that there is no one way low-income accessibility issues
materialize in the Americas. Low-income accessibility to transit comes down to two issues:
Workers access from home to transit and access from the job to transit.
Studying the two case studies, it can be concluded that there are two archetypes portraying
public transit accessibility deficiencies, each of which have their success in addressing the other
archetype’s deficiency. The first archetype refers to an urban form that has job concentrations in
the urban center. Within the urban center, high-income population concentrations also reside. In
the periphery of the municipality, low-income populations with few job opportunities in their
vicinity reside. In addition, since these low-income populations are dispersed around the urban
core, it is hard to define providing access to a distributed population over a large area. On the
other hand, high-income populations enjoy excellent transit services, because of their close
concentration.
The second archetype highlights the deficiency of transit accessibility to/from the
workplace. The transit system usually is well established, and provides walkable transit access
for residents across the municipal area. In relation to high versus low-income populations, highincome populations see less transit access, since they rely on the auto for their travels. On the
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other hand, low-income populations see excellent transit services, but transit not going towards
economic activity centers beyond the traditional urban core directly, if at all.
Limitations of Research
Over the course of this research, there have been setbacks and limitations to the depth and
scope that this research could take. First, factors that affect the walkability to transit is a setback
in this research. How to operationalize the impact of walkability on transit accessibility was a
problem in addressing true walkability to transit, a component of access in the accessibility
definition. In the scope of this research, walksheds are defined as a benchmark distance from the
transit stop outwards along the road network. This does not take into account the modes of travel
to get to a transit stop, nor the walking conditions if walking is the mode of travel.
Furthermore, there is the issue of the low-income population. Through the course of the
research, low-income populations, low-income households, and low-income workers have been
used interchangeably. Due to limitations in the data sets, it is hard to conceptualize the number of
low-income workers in the municipality.
Another issue that comes to play is the surrounding jurisdictions and their impact on the
case study city in question. For purposes of this investigation, the geographic focus was aimed at
the primary municipality in the metropolitan area. According to the literature, there are
documented trends of reverse commuting to the suburbs (Pugh, 1998). This could be the case in
Seattle, with low-income workers going out to the surrounding jurisdictions to seek work. These
surrounding jurisdictions impose sprawl impacts on the municipal city by attracting the worker
out. The reverse trend can be true as well, in the case of Curitiba, where inter-jurisdictional lines
bring in workers from surrounding jurisdictions into the city to work. Either way the jurisdictions
behave with the primary metropolitan city, not much is known about their exact interaction.
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Another issue that comes to mind is deficiency in employment data. Sometimes data is
available to pinpoint employment numbers by neighborhood. Sometimes one had to estimate
population by the square footage of commercial and industrial parcels. From this, we estimate
absolute job concentrations and relative job concentrations. This was done with existing job
numbers involving employed persons. These statistics do not look at the vacancies in the sectors
either. There may be a hidden neighborhood with job opportunities, but was ignored due to
having low employment numbers at the time the data was collected.
In the realm of the isochrones generated, there were issues in defining them to actual time.
In the current methodology, the isochrones were generated based on ideal transit conditions
across the system at the system travel speed, translated to relative distances. This methodology
did not consider transit operation conditions, vehicle speed, ridership and stop interactions, and
other traffic conditions. These factors have a say in influencing the extent of the time isochrones.
Future Research Endeavors
To continue to refine this question and answer on public transit accessibility for lowincome users, there are several avenues and notions to explore. Among such notions, as
expressed a few times, is to explore the walkability conditions to transit, and how it influences
the walkshed to transit stops. Another idea for studying public transit accessibility is to explore
the geographical coverage of accessibility. This would involve exploring defining a methodology
to generate, analyze, and compare travel time isochrones within and between municipal
neighborhoods and municipalities.
Another issue to consider for further investigation is the multi-jurisdictional relationships
in the metropolitan area. How is transit accessibility defined and spatial mismatch characterized
from a metropolitan point of view? This issue goes into population and employment
concentrations that are concentrated or dispersed in the metropolitan area. In the case of Seattle,
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we find that blue-collar employment is dispersed in the metropolitan periphery of municipal
Seattle. Likewise, there is a disproportionate number of low-income workers located in the
metropolitan periphery of municipal Curitiba that are not factored into the accessibility and
spatial mismatch discussion presented in this research.
Affordability of transit services was an element that was not considered in the scope of
accessibility to transit for low-income workers. In as much as walkability and geographic
coverage play a role in accessibility for the user, so does the economic aspect of using the service
(i.e. the fare value in relation to median income of low-income populations).
Much has been said about either public transit accessibility issues or low-income
employment opportunities. To link these two issues to a sample of neighborhoods, not only
studying time isochrones within and between neighborhoods, but also evaluating commute
trends, successes, and deficiencies in low-income concentrated neighborhoods could help open
up literature on how to address the problem.
Conclusions and Final Thoughts
Public transit accessibility is a fluid concept, especially when trying to apply it to a select
population, such as low-income workers. In trying to define and assess transit accessibility for a
population, one has to look at the general population and economic demographics. One then has
to assess the varying relationships accessibility to transit can have in the dynamic of the lowincome worker getting to and from work. For some cities, their transit systems are oriented
towards getting people to and from work. In such a setting, this ideally occurs over concentrating
employment in clusters, and orienting concentrated transit services from satellite collection
points into these employment clusters. Evaluating public transit access based on the connection
from work to transit is a crucial piece left overlooked.
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Just as much as we need to pay attention to where the work is located in relation to transit,
we have to consider where population clusters are, and whether they can go about pursuing the
essence of their adult life working to sustain a lifestyle.
Going forward, the challenge planners will have to face and move to the top of their
priorities, is to grasp an understanding of the unique spatial mismatch typology within their
jurisdiction. It is from this investigation, which outlined a methodology in evaluating spatial
mismatch typologies, where planners can start to understand their unique spatial mismatch
typology in their jurisdiction. With this understanding, policies can be drafted, services and
facilities planned, and operations implemented to mitigate gaps in transit service for low-income
workers and any other specific population within any jurisdiction.
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APPENDIX A
CURITIBA STATISTICAL TABLES
Table A-1 Curitiba population characteristics table. Compiled from data provided by IPPUC, 2009.
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Table A-1 Continued
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Table A-2 Curitiba employment characteristics table. Compiled from data provided by IPPUC, 2009.
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Table A-2 Continued
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Table A-3

Curitiba transit stop characteristics table. Compiled from data provided by IPPUC, 2009.
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Table A-3 Continued
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Table A-4 Curitiba Residential to/from transit walking distance statistical table. Compiled from data provided by IPPUC, 2009.
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Table A-4 Continued
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Table A-5

Curitiba Commercial to/from transit walking distance statistical table. Compiled from data provided by IPPUC, 2009.
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Table A-5 Continued
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Table A-6

Curitiba Industrial to/from transit walking distance statistical table. Compiled from data provided by IPPUC, 2009.
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Table A-6 Continued
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Table A-7

Curitiba Municipal Transit walkshed characteristics table. Compiled from data provided by IPPUC, 2009.
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Table A-7 Continued
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Table A-8

Curitiba Integrated Transit walkshed characteristics table. Compiled from data provided by IPPUC, 2009.
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Table A-8 Continued
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APPENDIX B
SEATTLE STATISTICAL TABLES
Table B-1 Seattle population characteristics table. Compiled from data provided by the US Census, 2005.
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Table B-1 Continued
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Table B-2 Seattle employment characteristics table. Compiled from data provided by the US Census, 2005.

183

Table B-2 Continued
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Table B-3

Seattle transit stop characteristics table. Compiled from data provided by King County GIS, 2008.
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Table B-3 Continued
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Table B-4 Seattle Residential to/from transit walking distance statistical table. Compiled from
data provided by King County GIS, 2008.

187

Table B-4 Continued
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Table B-5

Seattle Commercial to/from transit walking distance statistical table. Compiled

from data provided by King County GIS, 2008.
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Table B-5 Continued
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Table B-6

Seattle Industrial to/from transit walking distance statistical table. Compiled from

data provided by King County GIS, 2008.
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Table B-6 Continued
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Table B-7
GIS, 2008.

Seattle Municipal Transit quarter-mile walkshed characteristics table. Compiled from data provided by King County
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Table B-7 Continued
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Table B-8
GIS, 2008.

Seattle Municipal Transit eighth-mile walkshed characteristics table. Compiled from data provided by King County
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Table B-8 Continued
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