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Abstract: Urban planning has a crucial role in helping cities meet the United Nations’ Sustainable
Development Goals and robust datasets to assess mobility accessibility are central to smart urban
planning. These datasets provide the information necessary to perform detailed analyses that help
develop targeted urban interventions that increase accessibility in cities as related to the emerging
vision of the 15 Minute City. This study discusses the need for such data by performing a comparative
urban accessibility analysis of two university campuses and their surrounding urban areas, here
defined as the Stanford District, located in the San Francisco Bay Area in the United States, and
Distrito Tec in Monterrey, Mexico. The open-source tool Urban Mobility Accessibility Computer
(UrMoAC) is used to assess accessibility measures in each district using available data. UrMoAC
calculates distances and average travel times from block groups to major destinations using different
transport modes considering the morphology of the city, which makes this study transferable and
scalable. The results show that both areas have medium levels of accessibility if cycling is used as the
primary mode of transportation. Hence, improving the safety and quality of cycling in both cities
emerges as one of the main recommendations from the research. Finally, the results obtained can be
used to generate public policies that address the specific needs of each community’s urban region
based on their accessibility performance.

Keywords: urban accessibility; smart cities; smart mobility; open-source technology

1. Introduction

Cities around the world are diverse, yet face similar challenges. Despite their sundry
cultural, political, and economic trajectories, all cities must ensure livability for their
residents, reduce their ecological footprint, and reinvent their economies to achieve welfare
if they seek to be sustainable [1]. Some cities have progressed in this transformation more
than others. Hence, it is important to understand where each city stands and work within
that context to present appropriate solutions.

As urban areas are intricate and complex social, economic, environmental, and political
systems, developing these solutions requires robust and up-to-date data. This has become
increasingly important, as many planning tools rely on the quality and availability of data
to analyze the current state of a given city and then propose specific interventions based
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on the particular needs of the area [2]. Nevertheless, creating and updating such datasets
requires not only considerable financial and time investments, but in many cases requires
appointing a specific entity (such as the Census authorities) to collect, process, handle, and
publish the data. Consequently, many countries, especially Less Economically Developed
Countries (LEDCs), are yet to develop such datasets, whilst More Economically Developed
Countries (MEDCs), which already have datasets, encounter the continuous challenge of
disaggregating and updating their data to understand and address upcoming challenges [3].

One example of a very data-hungry sector of urban transformation is transportation
accessibility. Assessing urban accessibility has become an important part of the urban
agenda in many cities due to the transformative potential of such an approach. The
concept explores “the extent to which the land-use-transport system enables (groups of)
individuals or goods to reach activities or destinations by means of a (combination of)
transport mode(s)” [4]. This approach has also been supported recently by the “15 Minute
City” concept, developed by Carlos Moreno [5]. However, most of the tools used to
measure urban accessibility require up-to-date and fine-grained urban data to perform
the analysis. Such is the case with Urban Accessibility Computer (UrMoAC), a software
program developed by the German Aerospace Centre (DLR) to compute accessibility
measures [6].

The objective of this study is to conduct a preliminary analysis of urban accessibil-
ity levels, using UrMoAC and public datasets, to main destinations in two study areas:
Distrito Tec of the Technological Institute of Monterrey in Monterrey, Mexico, and the
Stanford University District (i.e., Stanford District) in the San Francisco Bay Area in the
United States of America. Both are university districts located in very large and impor-
tant metropolitan areas within their countries. The significance of this work is rooted in
its accounting of the current morphology of each city using open-source data and tools.
The use of such accessible data allows for our proposed framework for automated urban
accessibility analysis to be implemented in different urban centers, in this case impacted
by university communities’ accessibility needs, which makes it a replicable and scalable
study approach.

The computation of urban accessibility is performed only considering sustainable
transportation modes, aiming to see how prepared each area is to shift from using cars as
the main mode of transport to active mobility (walking or cycling). Due to the lack of data,
it was not possible to compute measurements with public transport, as there is no General
Transit Feed Specification (GTFS) [7] data available for the city of Monterrey. Naturally, this
is an important limitation of the current research, as commuting distances in both study
areas go well beyond walkable or cyclable distances. Nevertheless, the results intend to
demonstrate the immense capability of urban analysis tools to understand the current state
of cities, as well as to identify underperforming areas based on the variables of interest.
Additionally, social preference is discussed, as the authors of the paper are well aware that
individuals tend to frequent certain destinations not only based on proximity, but also on
preference [8].

It has been noted in the urban accessibility field that most of the reported studies
explore highly specific topics at particular scales. Although this type of approach is able
to model to a certain extent urban accessibility, a multiscale approach is preferred since
urban systems are not isolated and their dynamics are the result of a more complex network
structure [9]. Another important feature of our work is the transferable approach, validated
with a comparison between different cities. It has been previously noted that a drawback
of urban indicators is that they are often specific and not applicable to other cities [10].

Examples of recent urban accessibility studies were presented in [11,12]. In [11], an
analysis of the urban accessibility of museums (for pedestrians) in Seoul was performed
using travel angle and walking distance. The results of the study showed that, although
museums were within walking distance (2 km), they were isolated from primary spaces
where citizens walk. Although the study showed interesting results, the authors mentioned
that future research should consider other traveling modes. In [12], the availability of urban
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green spaces (UGSs) in Ilorin (Nigeria) within a 300 m distance was evaluated. The authors
obtained an availability indicator as a ratio of the UGS area (in a ward) divided by the
population of that ward. The results showed that there was an alarming lack of UGSs in
the city, which should be addressed to follow the path of a sustainable and liveable city.

Contrary to the aforementioned studies, which focused on one travel mode, one scale
of analysis, and one type of destination, one important remark is that our proposed work
follows a multiscale approach since multiple scales (blocks, districts, city), travel modes
(walking, bicycle), and types of destinations (schools, hospitals, parks) are included, as well
as a comparison of all these factors between two cities of two different countries.

Finally, the research serves as a reflection of the importance of governments and
decision-makers actively engaging and investing in developing high-quality datasets that
enable academics and practitioners to understand how the urban structure of a given city
is performing and the local community’s needs [13]. The research also demonstrates the
great value of having standardized tools and data formats to compare how different urban
areas are performing in terms of urban accessibility [14].

The structure of this article begins with the contextualization of the study areas in
Section 2. Section 2.2 describes the methodology used, including the delimitation of the
study areas and the software and the data used. With this information, the results obtained
from each urban district are shown in Section 3. Finally, a discussion is presented in
Section 4, and the conclusions derived from the study are presented in Section 5.

2. Materials and Methods
2.1. Study Areas

Improving urban accessibility is a challenge that both MEDCs and LEDCs face in
meeting the goals set by international treaties such as the Paris Agreement and the U.N.’s
Sustainable Development Goals (SDGs) [15]. Hence, transferable approaches that can
standardize the performance of different cities, across socioeconomic statuses, are needed
to determine the specific challenges of each city and understand how the cites as a whole are
performing in this sense. This does not mean that the approach taken ignores the specific
social, economic, political, and environmental dimensions of each study area, as they are
incorporated in the analysis for each distinct community, as well as social preference factors
that influence which destinations people tend to visit.

2.1.1. Distrito Tec, Monterrey, México

The Monterrey Metropolitan Area (MMA), located in the State of Nuevo León, Mexico,
is comprised of 18 municipalities [16]. According to the National Statistics and Geography
Institute (INEGI, by its acronym in Spanish), the MMA had 5,341,177 inhabitants sprawling
across a 7657 km2 area in 2015.

The entire state of Nuevo León is characterized by concentrations of important and
large-scale industrial facilities; 24% of the Gross Domestic Product (GDP) from the state
comes from industry. Nuevo León also distinguishes itself by being one of the wealthiest
states in the country, reaching a GDP per capita of USD 18,912, which is 88% higher than
the national median [17].

The MMA has been identified as the second-most-polluted city in Latin America and
is the ninth-most-polluted city in the world [18]. These levels of pollution are strongly
related to the industrial activities located in the city, but also to the city’s dependency on
motorized vehicles (see Figure 1).

The weather in the MMA can be very extreme; temperatures during the summer typically
surpass 35 ◦C, making it unpleasant for people to walk or bike as modes of transportation.

With a density of 698 people per square kilometer, the MMA reflects the urban struc-
ture of a sprawling city that is vehicle-oriented [19]. As a result, sustainable transport
modes such as public transport and micromobility have lacked investment and expansion,
contributing to marginalization and access disparities among the population [18].
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Figure 1. Mode share of the MMA. Source: [18].

Historically, housing in the MMA takes two different forms: formal and informal [20].
Formal housing plans usually create monofunctional, single-family, gated-communities in
the suburbs of the city, whereas informal housing is mostly irregular urban settlements in
the city center and suburban areas created by migrant groups and communities displaced
by gentrification. The inner city has become less populated, despite being the historic
center of the city and being home to most services and economic opportunities.

The Distrito Tec is a project led by the Instituto Tecnológico de Monterrey univer-
sity (Spanish acronym: ITESM) in collaboration with the local community and authori-
ties. Its objective is to improve the urban environment in the vicinity of the university
campus [21]. The project is considered one of the City Improvement Districts (CIDs) of
Monterrey; it promotes urban regeneration and sustainability, as well as citizen engagement
and participation in urban projects.

Distrito Tec is located in southern Monterrey in a central area of the MMA. Its area of
4.52 square kilometers has 26,333 inhabitants and comprises 24 neighborhoods surrounding
the university (see Figure 2) [21].

As an urban campus, Distrito Tec has a high demand of services not just from the local
population, but from the university’s students, professors, and workers. As a result, Distrito
Tec is a dynamic economic environment with a high density of commerce and services.

As in many central areas in the city, Distrito Tec’s neighborhoods are very hetero-
geneous. They mix different socioeconomic groups and housing typologies. In terms
of land-use, certain areas are mainly monofunctional, whilst others are characterized by
having many services and commerce.

2.1.2. Stanford District, San Francisco Bay Area, United States of America

With a population of 7,751,700 inhabitants in 2018, the San Francisco Bay Area (BA) is
the fourth-largest metropolitan area in the United States [22]. It extends over 18,130 square
kilometers and comprises nine counties [23].



Appl. Sci. 2022, 12, 12267 5 of 28

Figure 2. Population by block in Distrio Tec, Monterrey.

The BA and the State of California are two of the strongest economies not only in the
United States, but in the world. With a figure of USD 70,662 GDP per capita [24], the State of
California’s per capita GDP is well over the national average of USD 63,543.57 [25]. The BA has
a highly diversified economy; nevertheless, there is a clear trend toward a tertiarization [26]
of the economic activities, mainly fueled by the technology industry. There are 67.2% of
the jobs located in the tertiary sector, 24.2% in the secondary, 5% in the primary, and 3.3%
non-specified [22].

Despite significant efforts to reduce emissions, the BA emits Green House Gases
(GHGs) at a considerably higher rate than the global average [22]. Data from 2015 demon-
strate that transportation is the main source of emissions, accounting for 3.1 metric tons of
per-capita GHG emissions from primary sources [22]. This is no surprise considering that
74.3% of commutes in the BA are made by car (see Figure 3).

The BA usually does not have extreme weather conditions. Nevertheless, low tem-
peratures during the winter, high temperatures during the summer, and rain can prevent
people from walking or biking.

The urban and metropolitan composition of the BA is extremely complex, as it is
formed by 101 cities and various unincorporated communities. Hence, densities are very
different depending on the area, varying from 0–1235 persons per km2 to >9884 persons
per km2.

Even though 57% of the BA’s workers live and work in the same county, job centers
are concentrated in San Francisco and Silicon Valley, making these two areas the main
destinations for commuters [22].

The housing market and middle-income employee housing needs are deeply mis-
aligned in the Bay Area, and this misalignment has begun to result in some forms of
“informal” housing, such as unapproved ADUs and mobile home use by temporary blue-
collar employees [22]. Despite this, and in contrast with the MMA, housing in the BA is
strictly produced under formal processes. As a result of densification policies, multi-family
housing increased in production, reaching a 50–50 ratio with single-family housing in
2018 [22].



Appl. Sci. 2022, 12, 12267 6 of 28

Figure 3. Mode share of the San Francisco Bay Area. Source: [22].

Stanford is a Census-Designated Place (CDP) located at the northwest of Santa Clara
County. It comprises Stanford University Campus, including the university’s buildings and
on-campus housing. The Campus is surrounded by two cities, Palo Alto and Menlo Park.

Palo Alto, in Santa Clara County, has 15 constituent neighborhoods and a population
of 69,700 inhabitants in 2021 [27]. The city is known for being home to technology and
innovation, as it contains important companies and research facilities. As a result, Palo Alto
hosts more than 100,000 jobs, which makes it one of the main destinations for commutes
related to work in the entire BA.

Inevitably, Palo Alto has a very important relationship with Stanford University. It
hosts many housing facilities and commercial areas that are used by the students, alumni,
professors, and other personnel employed by the university. Nevertheless, the local popu-
lation, which has very strong community engagement, has limited the growth of infrastruc-
ture and services related to the university.

Menlo Park, in San Mateo County, has 10 constituent neighborhoods and a population
of 32,026 inhabitants in 2010 [28] (see Figure 4). It shares many of the same characteristics,
such as hosting technology and innovation, as well as having many housing facilities and
services that are used by people from Stanford University. Palo Alto and Menlo Park both
have an extremely ethnically diverse population and a very high income per capita.

2.2. Methodology

Designing a methodology that ensures the comparability of results was a significant
challenge of this study. Hence, different data sources and tools were analyzed in order to
select the most suitable. Open-source data and software were prioritized, as they encourage
the transferability and replication of the current research project to other cities or study
areas. A similar methodology to [29] was implemented in this study, adding a comparative
approach between the two study areas.
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Figure 4. Population by block in Stanford District, San Francisco Bay Area.

2.2.1. Delimitation of Study Areas

Both the Tecnológico de Monterrey and Stanford campuses are encompassed by
metropolitan areas. As a consequence, they are subject to social, environmental, economic,
and political decisions and factors that go well beyond their immediate surroundings. In
addition, both universities are important educational institutions in their cities, attracting a
broad variety of students, professors, and personnel from different parts of their metropoli-
tan areas. Conscious of the metropolitan impact on both campuses, the current research
project was based on the analysis, from a general perspective, of how each metropolitan
area performs in terms of demographics, mobility, GHG emissions, economy, and dwellings.
By doing so, it is possible to comprehend and provide a brief characterization of each study
area, which is crucial to understanding what happens on smaller scales.

Distrito Tec is an urban regeneration initiative that started in 2012 by the Tecnológico
de Monterrey [21] in collaboration with citizens, authorities, and Non-Governmental
Organizations (NGOs). The delimitation of the district polygon was performed by the
stakeholders involved and was based on areas that have a direct urban socio-spatial
relationship with the university campus (see Figure 5). As a result, the polygon has an area
of 4.52 km2 with 26,371 inhabitants, 24 neighborhoods, and 11,206 households [21].

In contrast with Distrito Tec, there is not a formally defined district for Stanford beyond
the university’s campus grounds. Hence, the current research project defined a polygon
called “Stanford District” that includes some of the surrounding areas of the university
campus (see Figure 6). As mentioned before, there are two cities located around Stanford:
Palo Alto and Menlo Park. From each city, a given number of neighborhoods were selected
to form Stanford District, based on their urban socio-spatial relationship to the campus. As
a result, 7 constituent neighborhoods were selected from Menlo Park and 10 from Palo Alto.
Stanford District has an area of 56.54 km2 with 113,378 inhabitants (2010), 17 constituent
neighborhoods, and 46,686 households [30].

Even though both districts, Distrito Tec and Stanford District, are significantly different
in size (see Table 1), the comparison was considered valid because they are comparable
as local areas based on their relative scales within their respective metropolitan areas (see
Figures 7 and 8).
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Figure 5. Delimitation of the Distrito Tec area within Monterrey, Mexico. Tec campus, parks, main
roads, rivers, and urban blocks are also shown.

Figure 6. Delimitation of the Stanford District area within the San Francisco Bay Area, CA, USA.
Stanford campus, parks, main roads, water bodies, and urban blocks are also shown.

Table 1. Essential characteristics of the two study areas.

Characteristic Distrito Tec Stanford District

Neighborhoods 24 17
Households 11,206 46,686

Area 4.52 km2 56.54 km2

Population 26,371 113,378
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Figure 7. Distrito Tec within the Monterrey Metropolitan Area.

Figure 8. Stanford district within the San Francisco Bay Area.

2.2.2. Software

For the current research project, Urban Mobility Accessibility Computer (UrMoAC),
developed by the German Aerospace Centre (DLR), was used as the main tool to compute
accessibility measures.

UrMoAC is an open-source command-line tool, written in the Java programming
language, designed to compute accessibility measures by reading inputs from a Post-
greSQL/PostGIS database [6]. UrMoAC is a flexible and adaptable tool as it calculates,
among other variables, the minimum time and distance required to commute from one
given origin (usually urban blocks) to a particular destination (places such as schools,
hospitals, supermarkets, parks, etc.) using a specific transport mode or a combination
of them (walking, bicycle, motorized vehicles, and public transport). The transporta-
tion modes and their speeds used for computations are shown in Table 2. The com-
putation uses the road network and its constraints (speed limits, direction, and permit-
ted modes of transport) to achieve results based on real distances and close-to-reality
transportation behaviors.
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Table 2. Speeds of transport modes used for computation, as defined in the UrMoAC tool.

Mode Speed (km/h)

Walking 3.6
Cycling 13

Motorized vehicles The road’s speed limit
Public transport Time schedule from GTFS

The results are accurate simulations of commutes from the selected origins and desti-
nations, offering disaggregated data on travel times and distances based on the available
datasets. Further, the results can be aggregated into larger areas (such as neighborhoods,
block groups, or statistical areas) to make the results easier to understand and visualize.
Thus, the open-source QGIS software [31] version 3.18 was used to create thematic maps
based on the databases obtained from UrMoAC.

2.2.3. Data Processing

For both study areas, urban blocks were the origins for all accessibility measurements.
The datasets that contained the urban blocks were downloaded from INEGI for the MMA
and from the United States Census Bureau for the BA; this is specified in Table 3.

Table 3. Urban blocks’ datasets used for the computation of urban accessibility in this study.

Variable Database Institution URL (All Data Was Accessed
on 10 January 2022)

Blocks (MMA) INEGI INEGI
https://www.inegi.org.mx/
app/biblioteca/ficha.html?

upc=702825218867

Blocks (BA) 2020 Census
Redistricting Data United States Census Bureau

https://www.census.gov/
geographies/mapping-files/
time-series/geo/tiger-line-

file.html

The destinations considered for the computation were public education centers (public
elementary, middle, and high schools), health care facilities (general acute care hospitals
and primary care clinics), supermarkets, and public parks. The datasets were obtained from
the National Statistical Directory of Economic Units (DENUE, by its acronym in Spanish)
and Urban and Rural Geostatistical Cartography by Blocks, both sources published by
INEGI, for the MMA, whereas for the BA, several sources were used: United States Census
Bureau, California State Geoportal, California Health and Human Services Open Data,
and OpenStreetMap (OSM). The datasets used for the destinations of both study areas are
presented in Table 4.

It is important to mention that there are socioeconomic factors, such as social preference
and willingness to pay, that can affect people’s decision to travel to one destination over
another. In addition, public services often have access limitations related to building
capacity, opening hours, working days, and demand, among others. Such variables will
be briefly discussed, as their complete analysis goes beyond the scope of this research
project, given that the objective of the research is to provide a preliminary approach to
urban accessibility based on the availability of land-uses and transportation networks at
different scales according to public datasets. Hence, only public health care facilities and
schools were taken into account for the computation, as public facilities are available to
everyone regardless of their income.

The road networks of both study areas were downloaded from OSM and are presented in
Table 5.

https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=702825218867
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=702825218867
https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=702825218867
https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html
https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html
https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html
https://www.census.gov/geographies/mapping-files/time-series/geo/tiger-line-file.html
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Table 4. Destinations’ datasets.

Variable Database Institution URL (All Data Was Accessed
on 10 January 2022)

Supermarkets, Public
Elementary, Middle, and High

Schools and General Acute
Care Hospitals (MMA)

DENUE INEGI https://www.inegi.org.mx/
app/descarga/default.html

Parks (MMA)
Urban and Rural

Geostatistical Cartography
by Blocks

INEGI
https://www.inegi.org.mx/
app/biblioteca/ficha.html?

upc=702825218867

Supermarkets (BA) OSM Geofabrik
https://download.geofabrik.

de/north-america/us/
california/norcal.html

Parks and Public Elementary,
Middle, and High

Schools (BA)
California Schools 2020-21 California State Geoportal

https://gis.data.ca.gov/
datasets/CDEGIS::california-

schools-2020-21/explore

General Acute Care Hospital
and Primary Care Clinic (BA)

Licensed and Certified
Healthcare Facility Listing

California Health and Human
Services Open Data

https:
//data.chhs.ca.gov/dataset/
healthcare-facility-locations

Table 5. Road Network Datasets.

Variable Database Institution URL (All Data Was Accessed
on 10 January 2022)

Road Network (MMA) OSM OSMF
https:

//www.openstreetmap.org/
#map=10/24.6488/-100.5263

Road Network (BA) OSM Geofabrik
https://download.geofabrik.

de/north-america/us/
california/norcal.html

In order to make the individual results from each block readable, understandable, and
useful, they were aggregated into areas and then mapped with QGIS. For the MMA, Basic
Geostatistical Areas (AGEBs) were used; for the BA, block groups were used. Both are
widely utilized units of analysis for cartographic purposes (see Table 6).

All the datasets collected for the study (origins, destinations, road network, and
aggregation areas) were uploaded to PostgreSQL. Once this step was completed, UrMoAC,
with access to the database, ran the computations. In order to do so, for each accessibility
measure, it is necessary to write a command that specifies the variables to use, the transport
mode, and the constraints for each measurement. The constraints used for the current
research project were nearest destination and first three destinations.

Table 6. Datasets of aggregation areas.

Variable Database Institution URL (All Data Was Accessed
on 10 January 2022)

AGEBs (MMA) INEGI INEGI
https://www.inegi.org.mx/
app/biblioteca/ficha.html?

upc=702825218867

Block Groups (BA) 2020 Census Redistricting
Data United States Census Bureau

https://www.census.gov/
geographies/mapping-files/
time-series/geo/tiger-line-

file.html
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The output of the computation is a table with the travel time and distance required to
reach the desired destination for each aggregation area. These results are then mapped in
QGIS using the cumulative opportunity accessibility metric (where more opportunities in
the environment relate to higher levels of accessibility [32]). A standardized rating scale for
accessibility (low, medium, and high), related to different times and distances, is presented
in Table 7. In this scale, a high accessibility is considered if a destination can be reached
within 15 minutes, according to the concept of the 15 Minute City.

Table 7. Standardized rating scale.

Scale (Accessibility) Time (min) Distance
Cycling (km)

Distance
Walking (km)

Low >30 >6.5 >1.8
Medium 16–30 3.26–6.5 0.9–1.8

High 0–15 0–3.25 0–1.8

3. Results

The following section will assess urban accessibility to destinations that most people
commute to in their daily lives. UrMoAC also has the capability to compute accessibility
measurements to other destinations that could be considered to expand the current research
and that are indeed very important to fully understand accessibility levels in a given area;
nevertheless, they go beyond the scope of work of this research. In the same way, this
study analyzed one-way trips as a starting point to evaluate the accessibility of a city, and
although it was not implemented in this study, one way to improve the implemented
methodology is by including the analysis of round trips [33], activity paths, and travel
times into the simulation with the help of other open-source tools such as SUMO [34] and
TAPAS [35].

As the research was based on the concept of the 15 Minute City, the two transport
modes used to assess accessibility were walking and cycling. Many cities are encouraging
more people to walk or cycle, as they bring about important benefits to society (noise
reduction, exercise, safe and comfortable streets), to the environment (reduction of GHG
emissions), and even to the economy (pedestrian and cycling infrastructure is less expensive
to build and maintain than that of motorized transport). However, there are important
factors that can impact the decision to use one transport mode or another, one of them
being the geography of the city. The inclusion of such factors is beyond the scope of this
article and can be added to the limitations of the study. However, a more realistic estimate
could be obtained by adding the “steepness” [36] of the streets in the city as another factor
to the OSM dataset.

Nevertheless, it is important to state that, today, cities and societies still rely heavily
on motorized transport such as public transport and private vehicles to reach certain
destinations. Consequently, this study should be extended by incorporating accessibility
measures to the chosen destinations using such modes of transport. To do so, it is necessary
to develop datasets that provide the average speed of cars on the entire road network
throughout the day, as well as GTFS datasets of the whole public transport system of
the given city. Currently, such datasets are not available for both cities, eliminating the
possibility to make such comparisons in the following section.

3.1. Access to Supermarkets

Cities around the world offer a variety of options for people to buy their groceries;
nevertheless, in both the MMA and BA, supermarkets are the most popular choice. It is
important to note that, in low-income neighborhoods in the Bay Area with fewer supermar-
kets (so-called food deserts [37]), convenience stores (i.e., small retail businesses) are often
relied upon for most groceries, so for this study, convenience stores were also considered
for this study area.
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Supermarkets in both cities tend to be large-scale buildings belonging to transnational
companies such as Walmart, Sam’s Club, Costco, Target, and H-E-B, among others. At these
stores, people buy a variety of goods such as food, beverages, personal care products,
medicines, house cleaning products, home appliances, etc.

Most of the supermarkets in both cities are designed for people to access by car, offering
extensive parking areas. Additionally, people tend to buy large amounts of products to
avoid going to the supermarket more than once per week, and most buy groceries for more
than one person. As a result, most people that have a car use it to go to the supermarket.
Changing this behavior, i.e., encouraging people to walk or cycle to the supermarket, poses
an important challenge, as both modes of transportation reduce the capacity of people to
carry large quantities of goods. Such a modal shift would cause people to require going
to the supermarket more frequently, and this would only be feasible if supermarkets are
very accessible.

Figures 9 and 10 assess the accessibility levels traveling by bicycle in the Stanford
District and Distrito Tec. All measurements are made to the closest supermarket, assuming
most people value proximity above other factors to such destinations.

Figure 9. Stanford District average travel time to the closest supermarket or convenience store
by bicycle.

Figure 9 demonstrates that, according to the OpenStreetMap database, most of the
supermarkets and convenience stores are concentrated in the central and eastern areas of
the Stanford District.

Nevertheless, the accessibility results when traveling by bicycle to supermarkets and
convenience stores are promising, with 88.61% of the aggregation areas complying with
the 15 min standard. The remaining nine are located at a medium range (see Table 8).

According to the DENUE database, Distrito Tec has four supermarkets located in the
northern and eastern areas.

In contrast with the Stanford District, all aggregation areas of Distrito Tec have a high
level of accessibility when traveling by bicycle to the closest supermarket (see Table 8).
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Figure 10. Distrito Tec average travel time to the closest supermarket by bicycle.

Table 8. Accessibility level to supermarkets traveling by bicycle per aggregation area.

Accessibility Level Stanford District
(Block Groups) Distrito Tec (AGEBs)

Low (>30) 0/79–0% 0/11–0%
Medium (16–30) 9/79–11.39% 0/11–0%

High (0–15) 70/79–88.61% 11/11–100%

Based on the results for both study areas, the density of destinations is adequate to
make a modal shift from cars to bicycles. Nonetheless, many people will still prefer to use
alternative modes of transport such as cars, taxis, or even public transport, as these make
it is easier to carry the goods. Additionally, many people will not be willing to go more
than once per week to the supermarket because they are unable to carry everything on a
bike. Such factors represent a strong constraint to convince people to stop using their cars,
especially in cities where the car culture is strong.

In terms of data quality, the authors noticed, based on their personal experience
visiting both study areas, that some destinations were missing. Therefore, the decision was
made to manually map missing locations based on Google Maps data.

Figure 11 shows a significant change in the number of destinations, demonstrating
that the original data source for the Stanford District, OSM, has not been updated. In
contrast, the database from DENUE for Distrito Tec showed no missing locations. Hence,
running UrMoAC with the data shown in Figure 11 would surely bring new and better
results, as accessibility levels in the Stanford District would increase. Such faults represent
a considerable constraint in planning processes and can mislead decisions regarding urban
interventions that aim to improve accessibility levels.

3.2. Access to Educational Centers

The current section is dedicated to analyzing access to public educational centers. The
section is divided into three parts, starting with public elementary schools, followed by
public middle schools, and ending with public high schools.
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Figure 11. Location of supermarkets and convenience stores in Stanford District merging Open-
StreetMap and Google Maps databases.

It is important to mention that, in contrast to other destinations, schools are meant for a
given age group. Therefore, the demand for schools depends, to a high extent, on the existence
of a respective population in a given area. To analyze whether such a population exists or not
in the study area goes beyond the scope of work of the current research project; hence, we
assumed that such a population exists in both Stanford District and Distrito Tec.

As students are not always capable of going to the closest school due to capacity
limits, social preference, or other constraints, the accessibility measurement was performed
considering travel time to the thee closest destinations (schools).

3.2.1. Access to Public Elementary Schools

Elementary schools are usually meant for children aged 5 to 11 years old. Therefore,
most of the pupils arrive at schools with their parents or by school bus. When parents
bring their kids to school, they tend to trip chain, as they usually continue their commute
to work or elsewhere. As a result, public transport and cars represent attractive transport
modes for many people. Nevertheless, if the level of access to elementary schools is
high enough, such trips could be easily made by walking and, therefore, not relying on
motorized transport.

Figure 12 shows that the Stanford District has 14 different public elementary schools
within its boundaries. Even though the number is considerably high, most of them are in
the northeastern and eastern sides of the polygon. As a result, when considering walking
as the transport mode, none of the aggregation areas meets the 15 min parameter. The
were 58.23% of the block groups having a medium level of accessibility and the remaining
41.77% a low level (see Table 9).

Distrito Tec has only two elementary schools (see Figure 13), but the surrounding areas
have a higher density of destinations. Consequently, 72.72% of the aggregation areas within
Distrito Tec have a high level of accessibility and the remaining 27.27% a medium one
(see Table 9).
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Figure 12. Stanford District average travel time to the 3 closest public elementary schools by foot.

Table 9. Accessibility level to elementary schools traveling by foot per aggregation area.

Accessibility Level Stanford District
(Block Groups) Distrito Tec (AGEBs)

Low (>30) 33/79–41.77% 0/11–0%
Medium (16–30) 46/79–58.23% 3/11–27.27%

High (0–15) 0/79–0% 8/11–72.72%

The lack of accessibility in the Stanford District stems from the area being much
larger than that of Distrito Tec. It also relates to the methodology for the measurement
considering the three closest destinations and not the shortest one. Before arriving at
a specific conclusion or intervention to solve such an issue, more research should be
conducted, such as evaluating the unit capacity of each elementary school and the demand
for them from the local population.

It is also important to mention that, in order to achieve a modal shift from cars to
walking, safety plays an important role. Parents greatly value their children’s safety, so if
they perceive that walking may be unsafe (because of theft, narrow sidewalks, etc.), they
will avoid walking. Therefore, making walkable cities and streets is crucial. Additionally, it
is important to mention that complementing commutes with sustainable motorized trans-
port modes such as school buses represents a strong alternative to encourage sustainable
mobility for educational commutes.

3.2.2. Access to Public Middle Schools

Middle school students’ ages usually vary between 11 and 13 years old. Therefore, in
many cases, they are still too young to commute fully by themselves to schools. Hence, their
commuting patterns are similar to primary school students, where their parents usually
drop them off at school, with a car or with public transport, or they arrive by school bus.

Figure 14 shows the five public middle schools located within the Stanford District.
These are located in the eastern and western areas of the polygon. Only 20.25% of the block
groups have a high level of accessibility with the remaining 79.75% a medium level (see
Table 10).
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Figure 13. Distrito Tec average travel time to the 3 closest public elementary schools by foot.

Figure 14. Stanford District average travel time to the 3 closest public middle schools by bicycle.

Table 10. Accessibility level to middle schools traveling by bicycle per aggregation area.

Accessibility Level Stanford District
(Block Groups) Distrito Tec (AGEBs)

Low (>30) 0/79–0% 0/11–0%
Medium (16–30) 63/79–79.75% 0/11–0%

High (0–15) 16/79–20.25% 11/11–100%

Distrito Tec has only two public middle schools (see Figure 15). However, all the
aggregation areas have a high level of accessibility (see Table 10).
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Figure 15. Distrito Tec average travel time to the 3 closest public middle schools by bicycle.

Stanford District clearly has a reduced density of middle schools and, consequently, a
lower level of accessibility than Distrito Tec. Once again, before suggesting any interven-
tions, it is necessary to further understand the conditions of both study areas to determine if
the demand for such destinations exists. In the case that it does, the destinations should be
located in the vicinity of the areas that have a considerable population of children between
11 and 13 years old.

Children between 11 and 13 years old are able to use a bike to commute, but for
parents to allow them to do so, street and city safety must be ensured. If the city does not
align with people’s perception of safety, other sustainable transport alternatives can be
promoted such as school buses.

3.2.3. Access to Public High Schools

Unlike students from elementary and middle schools, the ones attending high schools
are much more independent concerning their mobility (14 to 18 years old). As a result, they
do not rely as heavily on other persons assisting them to go to school (such as their parents),
so walking or cycling to schools stand as very attractive mobility alternatives. Both modes
of transport can also be easily complemented with school buses or public transport if the
commutes are long.

Figure 16 shows the number of public high schools within the Stanford District.
Immediately, it can be noticed that the density is very low, with only three destinations
inside the district, two located at the center and one at the eastern corner. Consequently,
only 7.59% of the aggregation areas have high accessibility levels, 91.14% medium levels,
and 1.27% low levels (see Table 11).

Table 11. Accessibility level to high schools traveling by bicycle per aggregation area.

Accessibility Level Stanford District
(Block Groups) Distrito Tec (AGEBs)

Low (>30) 1/79–1.27% 0/11–0%
Medium (16–30) 72/79–91.14% 2/11–18.18%

High (0–15) 6/79–7.59% 9/11–81.81%
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Figure 16. Stanford District average travel time to the 3 closest public high schools by bicycle.

Figure 17 shows that like in the Stanford District, in Distrito Tec, there is an extremely
low density of public high schools, with only one destination available within the area.
Nevertheless, 81.81% of the aggregation areas have a high level of accessibility and the
remaining 18.18% a medium level (see Table 11).

It is clear that the density of high schools for both areas is very low, and thus, there is
a significant reduction in accessibility levels. Nevertheless, exactly as in the previous cases,
it would be necessary to further assess the demand for such destinations to determine
whether an increase in their density is required.

To promote the use of bicycles by students, it is important to have safe streets, as well
as parking spaces for bicycles at schools. For students with longer commutes, sustainable
transport modes such as school buses or public transport can be used.

3.3. Access to Parks

According to Jordi Borja, the “public space is the city” [38], public spaces are where
relationships between citizens, power structures, and citizenship materialize. Therefore,
public spaces play a key role in building communities.

In social terms, public spaces, including streets, parks, plazas, etc., have an important
social cohesion function as these are places where individuals meet and where culture and
collective expression are fostered [39]. Therefore, a city that lacks quality public spaces
threatens one of its crucial functions: being a liveable space.

In the environmental dimension of sustainability, public spaces provide a crucial
ecological service to cities. Parks bring nature back to cities, helping reduce the creation
of microclimates and improve the air quality of the area, as well as facilitating rainwater
permeation underground and filling natural water deposits.

Consequently, access to high-quality public spaces, such as parks, should be one of the
priorities on the urban agenda. Nevertheless, historically, many cities have had a lack of
investment in such spaces, and many urban morphologies and typologies have prioritized
private space over public space.

Figure 18 shows the parks within the Stanford District. The vast number of parks are
located throughout the entire area, excluding the south. As a result, most of the aggregation
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areas (79.75%) comfortably meet the 15 min time parameter, and the remaining 20.25%
have a medium level of accessibility (see Table 12).

Figure 17. Distrito Tec average travel time to the 3 closest public high schools by bicycle.

Table 12. Accessibility level to parks traveling by foot per aggregation area.

Accessibility Level Stanford District
(Block Groups) Distrito Tec (AGEBs)

Low (>30) 0/79–0% 0/11–0%
Medium (16–30) 16/79–20.25% 0/11–0%

High (0–15) 63/79–79.75% 11/11–100%

Figure 18. Stanford District average travel time to the closest park by foot.
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Figure 19 shows the parks within Distrito Tec. Most of them are located in the north,
west, and south of the polygon, leaving the east with few destinations, as well as the center.
It is important to note that the ITESM does have many green areas, but they are not mapped
because they are not public nor accessible to everyone. Despite this, Distrito Tec has a very
high level of access to parks with all its aggregation areas meeting the 15 min parameter
(see Table 12).

Figure 19. Distrito Tec average travel time to the closest park by foot.

Unlike many other areas in the MMA and SFBA, both study areas are privileged
in terms of access to parks. As a result, even if people decide to walk, for most of the
areas of both districts, people can visit and enjoy a park in less than 15 min travel time.
Nevertheless, just because parks are easy to access does not necessarily mean people are
going to use them. In both study areas, many houses have gardens; hence, parks need to
offer very-high-quality spaces and a variety of activities (such as cultural events, commerce,
and other complementing activities) in order to be attractive to the local population.

3.4. Access to Public Hospitals

The COVID-19 pandemic has been an important reminder of the importance of having
a well-structured public health system. Unfortunately, many cities have failed to establish a
robust, accessible public health system, resulting in access disparities to such destinations [39].

As most health infrastructure tends to be expensive to build and maintain, traditional
planning has focused on creating high-capacity health facilities in certain areas of the city.
Consequently, commutes to hospitals are usually long for patients and hospital workers
that do not live nearby. Additionally, many people that visit hospitals have disabilities and
rely on private motorized transport modes.

It is important to mention that, in both study areas, it is common that many people
that work in or visit hospitals use private motorized vehicles to get there. Nevertheless,
infrastructure should not be designed around those users, but for people that commute
using sustainable modes of transport such as public transport, bicycles, or walking.

This section will analyze how both study areas perform in terms of access to hospitals,
considering general public Hospitals in Distrito Tec and non-profit general acute care
hospitals and primary care clinics in the Stanford District.

Figure 20 shows the location of public general acute care hospitals and public primary
care clinics in the Stanford District. There are six destinations, all concentrated in the center
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of the polygon. Consequently, only 7.59% of the aggregation areas have a high level of
accessibility, 26.58% medium, and 65.82% low (see Table 13).

Figure 20. Stanford District average travel time to the closest public general acute care hospital or
public primary care clinic by foot.

Table 13. Accessibility level hospitals traveling by foot per aggregation area.

Accessibility Level Stanford District
(Block Groups) Distrito Tec (AGEBs)

Low (>30) 52/79–65.82% 8/11–72.72%
Medium (16—30) 21/79–26.58% 3/11–27.27%

High (0–15) 6/79–7.59% 0/11–0%

Figure 21 demonstrates that Distrito Tec does not have any public general hospitals
within its area, nor in the vicinity. Consequently, the levels of accessibility to such destina-
tions are mainly low (72.72% of aggregation areas) and the remaining 27.27% medium (see
Table 13).

Figure 21. Distrito Tec average travel time to the closest public general hospital by foot.
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The reduced number of destinations in both cities results in low accessibility levels to
hospitals when people walk. Nevertheless, most people that visit hospitals in both cities do
not often walk to them and instead use cars or public transport. Assessing access levels
with those transport modes would be important before suggesting any urban intervention
to improve access levels. Additionally, it is important to take into consideration the nature
of hospitals: many of them require large buildings or clusters of them to complement the
services offered to the patients. Therefore, it would be hard to downsize such infrastructure
just to increase the number of destinations.

4. Discussion

The results presented in the previous section demonstrate that the social, political,
environmental, and economic factors that have historically shaped each urban area have
drastic consequences on the way cities are inhabited and how they respond to people’s and
the environment’s needs. Therefore, the decisions that create a given urban form and arise
from both formal and informal urbanization processes cannot be taken lightly.

It is important to repeat that the results are a preliminary evaluation of how two local
areas are performing in terms of urban accessibility, but to achieve a full diagnosis and
analysis of the specific interventions that each area needs, further information must be gath-
ered. More detailed exploration of the variables concerning demographics, infrastructure
capacities, social preference, willingness to pay, and others that prove to be relevant to each
region must be included [4].

In both MEDC and LEDC cities, access disparity remains one of the most significant
urban issues that must be tackled. Therefore, there is an urgent need to change urban
planning paradigms from creating car-centered cities to creating proximity-based cities.
Such an approach would result in more inclusive cities that enable individuals or groups
of individuals to access the city’s opportunities easily and comfortably, regardless of
socioeconomic situation or even disabilities.

The previous results show that the car-centered urban planning approach that both the
MMA and SFBA have taken during the Twentieth Century has resulted in car dependence
and an unsustainable urban structure as a result. Therefore, neither the MMA nor the
SFBA are ready to become 15 Minute Cities if only micromobility transport methods
are considered.

Enabling such urban transformation in both cities is not an easy task. There are
important social, cultural, economic, and political factors that have to be tackled. Hence,
the transformation must be planned actions that are well articulated in the short, medium,
and long term.

One of the biggest challenges in both cities is to change social preference related to car
use. Among the population of the MMA and SFBA, the car serves as a symbol of freedom
and even status; thus, people often buy a car as soon as they can afford it. This is one of the
main reasons people refuse to use public transport, as they have to plan their day based on
given transport schedules. However, such a preference for individual transport represents
an important opportunity to convince people to shift from cars to sustainable individual
transport modes such as walking, cycling, or using any other micromobility transport
modes that bring them freedom while they commute without significant greenhouse
gas emissions.

Safety is another important barrier for people to make a modal shift from cars to
micromobility. Therefore, cities have to build the required infrastructure, such as bike
lanes and wide-enough sidewalks, to guarantee that people can safely and comfortably use
micromobility transport alternatives to move around the city. Additionally, it is important
to reduce crime rates as people feel more exposed when they are walking or cycling.

Finally, in terms of mobility, it should be noted that the scale and structure of both
cities currently forces people to travel long distances to access different opportunities.
Redesigning such urban structures requires medium to long time interventions; thus,
intermodal transport networks should be utilized to make such commutes shorter and
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more convenient for people. This means that a robust and high-quality public transport
system has to exist.

In terms of redesigning and rethinking the urban structure of both cities regarding
the availability of opportunities (destinations), there is also much work to be done. As
mentioned, many of the destinations have been built thinking people will use cars to get to
them; hence, they tend to operate on large scales. To keep that economic model running,
many people have to go to only one destination to do their shopping, work, study, or
get medical assistance. However, downsizing some of these destinations would make it
feasible to have a larger number of smaller establishments located in a given area, which
would reduce travel distances and times and would encourage people to move without
using a car.

Naturally, there are certain infrastructures, such as hospitals and university campuses,
that require large-scale buildings that complement the different activities happening. Such
is the case of the Stanford District and Distrito Tec. Hence, it is crucial to create urban plans
that integrate such spaces into the rest of the region and that enable access to such locations
using sustainable transport modes.

In terms of data, this study demonstrated the continuous challenge in that cities have
to capture, process, and publish up-to-date high-quality data for analyzing the urban
conditions and developing targeted solutions. The study also demonstrated to what extent
planners and decision-makers can fully rely on public datasets, sending an important
message that current datasets, at least the open-source ones, are not robust and updated
enough to be the unique source of information.

It also underscored the importance of investing in developing data, such as GTFS
files that can simulate and understand the performance of public transport systems. With-
out such information, planners and decision-makers lack the information necessary to
understanding the needs of the city and the hierarchy in which they have to be solved.

Finally, it is important to argue that urban accessibility stands as one of the most
important analytical tools and approaches to rethink location patterns in urban areas.
It also allows the comparison of different cities’ performance in terms of accessibility,
becoming a transferable approach that can be used to improve urban conditions in different
cities around the world and respond to the social, environmental, and economic challenges
that society faces.

5. Conclusions

Cities are fragile social, environmental, economic, and political creations. They are
also systems made of many subsystems and elements that relate to one another. There-
fore, any intervention can affect the stability, adaptability, and resilience of the city as a
whole. Unfortunately, traditional urban planning has failed to recognize the complexity
of cities and has created rigid, unadaptable, and non-resilient cities. This problem was
also discussed in [40], which examined the importance, theoretical understanding, and
empirical measurement of urban accessibility and made two main recommendations: to
place accessibility at the center of the study of urban development and to focus urban
policy-making more directly on specific problems, such as congestion, pollution, and traffic
fatalities, which the authors of this paper fully agree with. Similarly, the results of the two
studies show an inefficient misallocation of the two most-important urban consumption
goods: housing and transportation.

This study serves as an example of how these planning processes have shaped cities
in both LEDCs and MEDCs. Consequently, despite the different social, political, environ-
mental, and economic backgrounds of the MMA and the SFBA, both study areas show
similar challenges in terms of urban accessibility based on the active mobility needs of
local communities, in particular university districts. In general, the results show that
the Stanford District has, on average, a medium level of urban accessibility [41] and the
Tec District shows a high level of accessibility [29]. Some of the problems that must be
addressed in both study areas are safety for cyclists [42] and pedestrians [43], the density
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of some establishments (e.g., public schools, hospitals, etc.), and the promotion of public
transportation use [44] and/or the incorporation of private transportation for employees or
students, such as school buses.

The results identified in this work are similar to those found in [45], which identified
the close link between transportation and urban form and the direct and indirect costs
of the choices made, as well as identifying the turning points that may allow moving
from dispersed urban development and conventional motorized transportation to more
compact cities characterized by innovative mobility options configured around public
and shared transportation. The examples used are based on cities around the world to
illustrate emerging trends in both developed and developing countries, as this article
sought to illustrate.

Understanding and demonstrating that cities at different economic development
stages have similar challenges is a significant step in undertaking urban projects that
reduce GHG emissions, access disparity, segregation, and marginalization on a worldwide
scale. Additionally, having tools and standardized rating scales to assess how different
cities are performing in terms of urban accessibility is crucial.

It is also clear that extremely disaggregated information about how a given urban area
is performing in terms of accessibility, like the one obtained with UrMoAC, is critical to
understand the specific needs of each local community and urban region. This information
is valuable for designing targeted solutions that tackle specific local issues and avoiding
generic urban interventions and landscapes.

Urban accessibility stands as an urban planning tenet. It is inherently people-centric
and based on local considerations and the unique characteristics of communities for as-
sessing mobility and access in cities. It redefines the urban planning and decision-making
processes by making the community’s needs an intrinsic part of the analysis to enhance
project implementation. Therefore, maximizing urban accessibility is at the core of active
mobility (i.e., walking and cycling).

Further research in this area could assess accessibility performance on selected routes
to have a more precise dataset of travel times to target destinations. This would be an
enhancement of our initial use of average travel times within some of the very large
block groups that may misrepresent this dimension. A proximity assessment tool, for
instance a route and travel mode time system, would be more appropriate for the travel
time calculations. Thus, the 15-minute proximity bubble or “buffer” around each location
could then have its demographics calculated by pulling data from the census block groups
and calculating based on the percentage of the block groups included in the proximity
bubble. This would in turn provide more representative demographic data and much more
representative travel time data than the block group approach does, in theory.

Another way to obtain information even closer to reality would be to apply the
methodology presented in [46] in which the TransCAD GIS system was used for the analysis
of urban accessibility in Dallas/Fort Worth and Austin, where one of the outputs of the
tool is a color-coded map indicating areas of relatively high and low accessibility. Unlike
the UrMoAC tool, the gravity/log sum measure is chosen to calculate urban accessibility,
so future research can be conducted comparing the results using the two tools.

The final reflection from this study is a call for more flexible urbanism, both in theory
and in practice. Planners need to better respond to the constantly evolving, indeterminate,
and unpredictable nature of cities. This requires more holistic, interdisciplinary approaches
to problem solving. It also invites decision-makers to embrace the notion of a more
ephemeral urbanism, not in the sense of implementing spontaneous interventions, but in
the sense of accepting that urban interventions will not last forever and that they will need
to adapt, transform, and evolve based on environment change and societal needs. Only by
doing so will the urban realm have the ability to adapt and address climate change risk,
while enhancing local communities’ resilience to face and overcome this global challenge.
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