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Abstract

As the COVID-19 crisis has forced people to adhere to social distancing, the proximity to
each other of pedestrians on the sidewalk suddenly becomes meaningful: do pedestrians
have enough space to safely move within cities¢ With decades of urban planning prioritizing
roads and automobiles, the answer is ‘no’. Cities all over the world have been forced to
make urgent changes to pedestrian infrastructure in order to make it safe for people to
move about public spaces during the pandemic.

In this study, using the sidewalk infrastructure from the Canadian city of Calgary as an
example, we model sidewalk widths and then analyse the spatial patterns across the city.
Ourresults reveal that Calgary's sidewalk widths vary substantially and form clusters of narrow
sidewalks among residential zones, while wide sidewalks are typically found in downtown,
and in some parks and recreational areas.

We recommend that the City of Calgary, and all cities, re-evaluate their sidewalk and
pathway development patterns, and upgrade sidewalk infrastructures in those narrow-
sidewalk communities. By developing more robust methods for modelling and analysing
sidewalk width, paired with adequate sidewalk data, cities can make informed decisions
that lead to more inclusive, pedestrian-safe, cities.
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1 Introduction

The global COVID-19 pandemic has forced us to rethink the role of pedestrian spaces, such
as pathways and sidewalks, in an urban environment to keep the community safe and healthy.
Local governments across the globe are taking decisive action to support pedestrian safety
during the pandemic. For instance, traffic signals are set to be automatic for pedestrians,
without the need for their physical contact with the traffic light buttons, in Brisbane, Australia
(Brisbane, 2020). The Mayor of London, England announced the ‘StreetSpace Plan’ creating
temporary cycling lanes (Simon, 2020). Thousands of kilometers of temporary ‘corona’
cycleways have popped-up across BEurope, and arguments are being put forward to
permanently adopt these as improvements to pedestrian and cyclist infrastructure (Reid, 2020).
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In Canada, local policies are also adapting to ensure pedestrian and cyclist safety in response
to COVID-19. The City of Toronto has opened kerb-side pedestrian lanes in areas that are
identified as walking hotspots (Rider, 2020); the City of Winnipeg is reserving some automobile
lanes for pedestrians practising physical distancing (Frew, 2020); and the City of St. John’s
council voted to widen the lanes for pedestrians’ and cyclists’ safety (Mercer, 2020). As early
as March 2020, the City of Calgary closed roads to vehicular traffic in order to accommodate
pedestrians who were going out for fresh air (Castillo, 2020). More recently, the mayor of
Calgary announced that only pedestrians and cyclists will be allowed on certain popular
downtown streets (Knight, 2020). As part of their COVID-19 relief plans, some local
governments have gone as far as limiting public access to pedestrian sidewalks and bikeways
in order to avoid overcrowding (District of North Vancouver, 2020).

Who do, and do not, have access to safely use the pedestrian infrastructure varies
geographically, and the patterns relate directly to health equity (i.e. fair access for all to reach
their full health potential). Spatial health inequality occurs when fair and safe access is restricted
by social, economic and cultural forces, such as income, gender, race and disability. For
example, areas where there is a higher incidence of road traffic accidents involving pedestrians
have been associated with low-income neighbourhoods, where there is already lower spatial
accessibility to active modes of transit (Khakh et al., 2019; Khakh, Fast, and Shahid, 2019). In
studying our often racist urban past, Klein (2020) observed that 90% of high-income areas
have sidewalks, while less than 50% of low-income communities do. Scholars have attributed
systemic inequality, rather than simply high density, to the spread of COVID-19 (Jacobson,
2020). Observationally, COVID-related pedestrian interventions, such as street closures to
cars, have disproportionately favoured downtowns and frequently-used public spaces over
suburban or lower-income areas.

Motivated by gaining a better understanding of the spatial inequality of sidewalk interventions,
we ask: where do pedestrians have enough space to safely move within cities? To answer this
question, we use the City of Calgary to model the width of sidewalks and pathways for
pedestrians (Section 2). Next, using aggregates (Section 3.1) and clusters (3.2), we analyse
sidewalk-width patterns in order to reveal the spatial distribution of sidewalk widths across the
city. Overall, a better understanding of sidewalk systems can contribute to more equitable
planning in response to the pandemic and beyond for local government.

2 Modelling Sidewalks

The sidewalk represents one of the most common infrastructures for pedestrian use in an
urban setting. Typically, a sidewalk occupies the space between residential (or other) buildings
and the roadway proper. In some extreme cases, residential sidewalks can be found in the
middle of a ten-lane road in Calgary (Figure 1a), further highlighting that the movement of
cars has been the focus of transportation engineering and urban planning.

One of the most simple but powerful indexes of sidewalk design, illustrated by the architect
Meli Harvey for New York City (Harvey, 2020), is sidewalk width. In the context of the global
pandemic, sidewalk width is a direct indicator of the potential for pedestrians to maintain
appropriate social distancing. A distance of 2 metres or 6 feet was adopted by the City of
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Calgary (2020), and cities and public health agencies across the world, as a safe distance to
reduce the spread of COVID-19. However, before pandemic-distancing measures, sidewalk-
width standards had already established 2 metres as being appropriate for people with
disabilities and wheelchair users (see Table 1). This width classification system is also checked
against the accessibility standards specified by the Americans with Disabilities Act (ADA;
2010) and the guidance by the Rick Hansen Foundation when taking wheelchairs into
consideration (Rick Hansen Foundation, 2020).

Table 1: Classification scheme for sidewalk width

Width Sidewalk Width Standard

<0.9m Wheelchair inaccessible, difficult to maintain physical distancing

0.9 m (36 inches) is minimum sidewalk width legislated by the ADA

.9-1.5m (Americans with Disabilities Act, 2010)

1.5 metres is meaningfully accessible for people with disabilities because
1.51-2.0 m | it enables 2 wheelchair users to pass each other (Rick Hansen Foundation,
2020)

2.1-3.0m 2 metres required for COVID physical distancing (City of Calgary, 2020)

3.1-4.0m Enough pedestrian space

>4.0m Abundant pedestrian space

We used the City of Calgary’s 2019 sidewalk data, which include polygons of sidewalk shapes
and sidewalk centrelines that were digitized from aerial surveys (Figure 1a). Open-source data
such as OpenStreetMap’s footway data were not used (as we had initially intended) due to their
inconsistency and lack of width values. Inspired by Harvey & Whong (2020), we calculated the
average sidewalk width by 1) creating a midpoint from each centreline segment using Feature
Vertices To Points in ArcGIS (ESRI, 20202); 2) using Split Line at Point in ArcGIS (ESRI,
2020b) to split each centreline segment into two parts; 3) repeating steps 1 and 2 until
midpoints of centrelines could be found on all sides of street blocks; 4) converting sidewalk
polygons into polylines (edges only) and calculating the ‘Near’ statistics (ESRI, 2019) from

each point to the closest edge (% W); 5) multiplying the neatrest proximity (perpendicular to the
edge) of each point by two to get the full sidewalk width (W).

To facilitate viewing the sidewalk-width data in detail, we created a web-map application:
https://arcg.is/1fj4LK1. While the map should not be used for navigation (the data is out of
date, and the model does not represent all walkway types), an interactive view supports data

browsing at ‘pedestrian’ level, and the data is useful for analysing overall sidewalk patterns
throughout the city.
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Figure 1: a) An aerial view of the sidewalks (yellow) and their centrelines (dashed line, red) in Silver Spring,
Calgary; b) Sidewalk centrelines split by mid-points; c) sidewalk ‘width’ (W) generation from the mid-
point of each segment of the centreline.

3 Analysing Sidewalk Patterns

Calgary is known for its unusual population density patterns due to its sprawling growth (Guo
and Fast, 2019), especially compared to other major Canadian cities (Guo and Fast, 2020).
Using aggregates and clusters, here we investigate how Calgary’s sidewalk widths vary across
the city.

3.1 Aggregated Sidewalk Widths

First, we analysed the average sidewalk widths by aggregating individual sidewalk segments
into different enumeration areas: by community (a neighbourhood governed by a community
association); 400 x 400m grid; and the finest-grained census unit in Canada, the dissemination
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block (Statistics Canada, 2017). The average sidewalk widths in Calgary vary substantially
(Figure 2). At all viewing levels, downtown Calgary contains the widest sidewalks in the city.
At dissemination-block level, we observe many blocks that do not meet the threshold for
meaningfully accessible sidewalks (<1.5m), or even the absolute minimum sidewalk width of
0.91m required for wheelchair access (in red). The instances of red blocks, especially in the
northeast of Calgary, align with patterns of traffic accidents involving pedestrians observed in
Calgary by Khakh et al. (2019). Further study is required to test the strength of the association
between sidewalk width and road accidents involving pedestrians.
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Figure 22: Calgary’s average sidewalk width for three different aggregation units: community, 400m
grid, and dissemination block.

3.2 Clusters of Similar-width Sidewalks

Recognizing that sidewalks vary not just across the city but within local neighbourhoods, we
next applied spatial autocorrelation (SA) to test for local clusters of similar-width sidewalks.
We used the average sidewalk widths at a 50 x 50m aggregation level, with searching distances
of 1,500 m and 3,000 m. SA is a fundamental concept in spatial analysis: it reveals how
geographical objects are correlated or uncorrelated with each other (Getis, 2008). Using
Anselin Local Moran’s I index (Anselin, 1995), SA can reveal the ‘spatial inequality’ of sidewalk
width across a study area (Zhang, Luo, Xu & Ledwith, 2008) (see Figure 3). A positive local
Moran’s I value represents a location with a high or low value similar to that of its neighbours,
which together are also known as ‘spatial clusters’ (Yuan, Cave, and Zhang, 2018). SA was
calculated as follows:

Zi—Z —
li = =5 X1 jilwij (7 — 2)] M
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where zi represents the value of variable z at location i; Z is the average value of z with n
samples; 02 is the variance of all z variables; zj represents the value of z at all other locations
within a certain radius; and wij is the weight as the inverse of distance dij between zi and zj
(Zhang et al., 2008).

In this study, the high and low values are wide and narrow sidewalks, respectively. The results
show that various sidewalk widths are clustered throughout the city, and that narrow or wide
sidewalks are often surrounded by each other (Figure 4). In particular, clusters of wide
sidewalks (high Moran’s I value; green) can be seen distinctly in downtown Calgary and near
large public green spaces (such as Fish Creek Provincial Park and Nose Hill Park), at both
search distances. Neighbourhoods that have clusters of narrow sidewalks are found
throughout the city limit, but they are typically located in suburban areas. These results suggest
that different areas of the city are differently, and unequally, served by sidewalk infrastructure.
Residents living in areas with narrow sidewalks would have to travel to a different part of the
city to walk safely without worrying about physical distancing issues. Our analysis can be
extended further by overlaying sidewalks with population distribution.
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Figure 3: The spatial autocorrelation product of sidewalk widths using Anselin Local Moran's | with two
searching distances at 50m x 50m resolution. Statistically significant positive Moran's | values are classified
into: 1) wide sidewalks, and 2) narrow sidewalks. Statistically significant negative Moran's | values are
classified into: 3) wide sidewalks surrounded by narrow sidewalks, and 4) narrow sidewalks surrounded
by wide sidewalks. 5) Statistically non-significant Moran's | values (close to 0) are classified as random.
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4 Discussion and Recommendations

During GI_Forum 2021, organizers asked how data and spatial analytics can support the
achievement of Sustainable Development Goals (SDGs). Informed by this research, in order
for urban data science to reduce inequalities (goal 10) and create more sustainable cities and
communities (goal 11), we need: 1) better pedestrian-level data, and 2) to analyse the entire city
system. We heard during the conference that many participants do not have access to sidewalk
data, and often use roads as proxies in their city or community. Roads do not capture the
pedestrian perspective, and even sidewalk width is an oversimplified way of understanding
pedestrian space. Data and urban mobility analysis have served the automobile for far too long.
It is time to put all pedestrians first. Data on sidewalks, ramps, stairs, public washrooms and
pathway obstacles, among other features, are required to properly model pedestrian space. As
spatial scientists, we need to create, share and advocate for data that are inclusive of the
pedestrian perspective to make the SDGs measurable and to inform future urban
interventions.

Second, we need to consider the entire city system in our analyses. In response to the COVID
pandemic, the City of Calgary has prioritized pedestrian initiatives, such as road closures, only
in only selected parts of the city (e.g. downtown). While an extensive network of pedestrian
pathways and bridges have made the city’s downtown iconic, the pandemic has reminded us
that pedestrian mobility must extend beyond the core, because the city’s historic development
strategy has promoted the expansion of low-density, automobile-oriented communities. This
is where the majority (80%) of residents live. Wherever there are residents, there needs to be
equitable sidewalk infrastructure to create a pedestrian-friendly environment. We suggest that
the City of Calgary, and all cities, should re-evaluate — and prioritize — development plans for
sidewalks and pedestrian infrastructure more broadly (e.g. pathways and bikeways) by taking
into account population densities and distributions in the city. Overall, urban data science
needs to measure and analyse the pedestrian infrastructure within our cities, with a view
beyond the COVID-19 pandemic, to achieve urban livability improvements for all pedestrians.
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