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Abstract: Streets have long been designed to maximize motor vehicle Article history:
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evaluation, and longitudinal tracking of these street space rebalancing Accepted: June 29, 2020
efforts, i.e., assessing how equitable the current street design is, how it Available online: Feb. 2, 2021

can be improved, and how much progress has been made.

This paper develops a needs-gap methodology for assessing the
discrepancy between transportation supply and demand in urban streets
using existing datasets and automated methods. The share of street
space allocated to different street users is measured in 11 boroughs of
Montréal, Canada. Travel survey data is used to estimate the observed
and potential travel demand in each borough in the AM peak period.
A needs-gap analysis is then carried out. It is found that bus riders and
cyclists face the greatest needs-gap across the study area, especially in
central boroughs. The needs-gap also increases if only trips produced
or attracted by a borough are considered. This shows the potential of
applying an equity-based framework to the automated assessment of

street space allocation in cities using large datasets.

1 Introduction

Street design in North America has long been determined by the need to maximize traffic fluidity and
improve vehicle throughput (Hebbert, 2005). However, cities are increasingly turning to street design
policies that benefit all users and consider the street as more than a simple motor vehicle conduit (Hui,
Saxe, Roorda, Hess, & Miller, 2018). Cities like Bordeaux and Berlin, for instance, have declared their
intention to rebalance the distribution of public space so that the space allocated to each mode is pegged
to its modal share (Berlin’s Senate Department for Urban Development and the Environment, 2014;
Communauté urbaine de Bordeaux, 2000). Such a normative approach has the effect of allocating
every road user a comparable amount of space to move through, based on their observed modal choice.
This can be viewed as an application of egalitarianism, where an equitable resource allocation tends
towards a uniform distribution among the population (Di Ciommo & Shiftan, 2017). This approach
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is also used by researchers and practitioners who study street space allocation in urban areas (Agentur
fiir clevere Stadte, 2014; Colville-Andersen, 2018; Gossling, Schroder, Spith, & Freytag, 2016; Lee,
Sener, & Jones, 2017; Szell, 2018). Such an egalitarian approach does not take into account the actual
space needed by different modes—e.g., cars vs. bicycles—or even vehicle types—e.g., SUVs vs. compact
cars (see Bruun & Vuchic, 1995 for a demonstration of the dynamic space required by each transport
mode). Rather, it postulates that space for each mode should be allocated proportionally to the number
of people using it, not the number of vehicles or their size.

There are few, if any, explicit frameworks for assessing the progress of these strategies from an equity
perspective. Hui et al. (2018) observe that while the Complete Streets approach is gaining popularity
around the world, there are no established tools to assess what they call the “completeness of Complete
Streets”, i.e., the progression of street space allocation towards a more equitable state. A simple tool for
evaluating the discrepancy between the needs for a good and its distribution pattern in an egalitarian
perspective is the needs-gap analysis. This analysis consists in identifying a needs variable and a supply
variable and computing the difference between them (Currie, 2010).

Moreover, few research efforts have tried to study the allocation of street space as a resource dedi-
cated to different transport modes. The literature on street space allocation consists of two approaches:
on one hand, an exhaustive, manual measurement approach (Agentur fiir clevere Stadte, 2014; Colville-
Andersen, 2018; Géssling et al., 2016; Hampton, 2013) that accounts for all modes but is hardly scal-
able to large areas and, on the other hand, an automated approach (Martin, 2016; Szell, 2018; van Liere,
Beens, & Knol, 2017) which leverages large-scale datasets but ignores some transport modes, especially
public transit.

This paper seeks to bridge these gaps by evaluating the potential of applying the framework of
transportation equity, specifically the distributive justice principle of egalitarianism (Di Ciommo &
Shiftan, 2017), to the problem of street space allocation using automated and exhaustive measurement
methods. First, this research examines the current situation of street space allocation in the city of Mon-
tréal, Canada. Different time periods and spatial scales are observed in order to take into account the
dynamic nature of street space allocation. Then, a needs-gap analysis is carried out at the borough level
to assess the equity of street space allocation in the study area when compared with different demand
profiles and identify areas in need of priority interventions.
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2 Methods

2.1 Study area
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Figure 1. Study area

This paper uses the city of Montréal, in Canada, as a testing ground for the method. Montréal is

a city of 1.9 million inhabitants in a metropolitan area of 4 million (Statistics Canada, n.d.). The share

of public transit and active modes in Montréal is quite high: on the island of Montréal, 38% of trips in

the AM peak period are carried out by other modes than the private automobile (Secrétariat 4 'enquéte
Origine-Destination, 2015, p. 21).

For reasons of data availability, the selected study area consists of 11 out of the 19 boroughs of the
City of Montréal (see Figure 1). The boroughs are listed in Table 1 together with the abbreviation that
will be used to refer to them for the rest of this paper. These boroughs account for 44% of the area of the
island of Montréal, 62% of its population and 49% of its total linear street length.

Table 1. Boroughs in the study area

Borough Abbreviation Total linear street length (km) | Share of study area street length
Ahuntsic—Cartierville AC 358 12%
Cbte-des-Neiges— CDN 293 10%
Notre-Dame-de-Grice

Le Plateau-Mont-Royal PMR 162 6%
Le Sud-Ouest SO 237 8%
Mercier—Hochelaga— MHM 358 13%
Maisonneuve

Outremont Oou 46 2%
Riviére-des-Prairies— RDP 450 16%
Pointe-aux-Trembles

Rosemont—La Petite-Patrie | RPP 236 8%
Saint-Léonard SL 198 7%
Ville-Marie VM 261 9%
Villeray—Saint-Michel~ VSp 264 9%
Parc-Extension
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2.2

Measuring street space allocation

PMJineral

Figure 2. Possible street use categories [Made with StreetMix, CC BY-SA 4.0]

Street space can be allocated in a variety of ways to different transportation- and non-transporta-

tion-related uses. The following categories, illustrated in Figure 2, were formalized to allow classifying

roadway surfaces for the purposes of this paper:

[P]edestrians: Space allocated exclusively to pedestrians. Consists of the part of the sidewalk
that is not occupied by a buffer zone.

[Clyclists: Space allocated exclusively to cyclists. Includes segregated bicycle infrastructure as
well as painted bike lanes, but not designated lanes (sharrows).

[Clyclist [Plarking: Space allocated to public bicycle parking facilities as well as BIXI bikeshare
stations.

[Clyclists and [D]rivers: Roadway space shared between cyclists and motorists. Consists of a
1.5-meter wide corridor in the rightmost lane of each street without dedicated cycling infra-
structure (segregated path or painted bike lane).

[Pledestrians, [Clyclists and [D]rivers: Roadway space shared between pedestrians, cyclists
and motorists. Consists of a 1.5-meter wide corridor in the rightmost lane of each street with-
out sidewalks and dedicated cycling infrastructure (segregated path or painted bike lane).
[D]rivers: All remaining roadway space allocated to the movement of motor vehicles.
[D]river [Plarking: Roadway space allocated to the parking of motor vehicles.

[Clurb [S]pace: Roadway space located in a parking lane but where parking is not allowed.
Includes bus stops, delivery zones and similar areas where personal vehicles may not park.
[T]ransit: Roadway space allocated exclusively to the movement of public transit vehicles. For
the purposes of this paper, this category only includes transit priority lanes.

[M]edian: Dividers, medians, and other types of similar infrastructure.

[P]lanted [B]uffer: Sidewalk buffer with trees.

[M]ineral [B]uffer: Sidewalk buffer without trees.

In order to classify street surfaces into these categories, a series of open and proprietary datasets, list-
ed in Table 2, is used to build a database of street space allocation on the island of Montréal. The method
used in this paper aims to take into account the dynamic nature of street space allocation throughout

time and the diversity of uses that public street space can support.
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Table 2. Datasets used in this paper

Dataset Source Year Geometry Type (N) | Attributes used | Open data?
Roadway surfaces | City of Montréal 2019 Polygon (111,487) | * Surface type Yes (except
(Ville de Montréal, n.d.-d) * Borough centerline ID
* Roadway attribute)
centerline ID
¢ Construction
year
Roadway center- | City of Montréal (Ville de | 2019 Linestring * Number of
lines Montréal, n.d.-e) (24,001) directions
Roadway center- | Adresses Québec AQpro 2019 Linestring * DPosted speed Yes
lines (23,313) limit
Traffic model City of Montréal 2018 Linestring * Number of No
road network (34,822) lanes
Street signs City of Montréal 2018 Point * Parking restric- | No
(Ville de Montréal, n.d.-h) (282,374) tions
* Activity period
* Type of post
Parking meters City of Montréal 2019 Point * Parking restric- | Yes
(Ville de Montréal, n.d.-i) (66,883) tions
* Activity period
Transit priority Ministére des Transports 2017- Linestring * Location on Yes
and HOV lanes du Québec MTQ), exo, 2019 97) street
Société de transport de * Activity period
Montréal (STM)
Cycling network | City of Montréal 2018 Linestring ¢ Infrastructure | No
(Ville de Montréal, n.d.-g) (3,654) type
* Activity period
BIXI stations BIXI 2019 Point * Number of Yes
(Ville de Montréal, n.d.-c) (554) docks
Public bicycle City of Montréal 2017 Point * Capacity Yes
racks (Ville de Montréal, n.d.-b) (678)
Public trees City of Montréal 2018 Point * Dosition on Yes
(Ville de Montréal, n.d.-a) (269,237) street
* Year of plant-
ing
Tree canopy and | Communauté métropolit- | 2017 Polygon ¢ Land cover Yes
land cover aine de Montréal (CMM) (1,630,430) category
(Communauté métropoli-
taine de Montréal, n.d.)
City and borough | City of Montréal 2019 Polygon * Borough name | Yes
limits (Ville de Montréal, n.d.-f) (11)
2013 Origine-Des- | Autorité régionale de trans- | 2013 Point e Trip origin and | No
tination Survey, port métropolitain (ARTM) (180,174 trip destination
v13.2b observations) ¢ Mode used for
the trip
¢ Departure time
of trip
Census of the Statistics Canada 2016 Polygon * Populationat | No
Population (422) the census tract

level
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A roadway surfaces inventory developed by the City of Montréal serves as the foundation of this
analysis. This inventory classifies street surfaces into different categories, including sidewalks, cycle paths,
medians, roadways and intersections. Each street surface is also associated with the corresponding street
centerline geometry using a common street ID attribute. Through a series of spatial joins in a spatially
enabled PostgreSQL 10.9/PostGIS 2.5.2 database, several attributes from other databases are associated
with each street segment (see Table 2). It is thus possible to know, for each street segment: the posted
speed limit, the number of parking and driving lanes and their operating hours and restrictions, the
number of BIXI bikeshare docks, the location and operating parameters of transit priority lanes as well
as the opening and closing dates of the cycle network.

A particularity of the City of Montréal’s road surfaces inventory is that sidewalk geometries do not
make a difference between the walkable portion of the sidewalk and the buffer zone, usually located next
to the roadway, where trees and street furniture are located. The location and shape of these buffer zones
thus have to be estimated. A unidirectional buffer geometry around the curb side limit of the sidewalk
is created for each sidewalk where trees or signposts are detected. Due to the imprecise geolocation of
trees and signposts in the public datasets, their position on the sidewalk could not be used to determine
the buffer width. As an approximation of the average sidewalk buffer size, a uniform buffer size equal to
33% of the average width of the sidewalk is used. This value was derived from observations carried out
on a series of streets in the study area using satellite imagery. Buffers created on a sidewalk with trees are
classified as planted buffers, while those on sidewalks with only signposts are classified as mineral buffers.
No buffer is created for sidewalks where no trees or signposts are detected.

In order to enable the simultaneous treatment of linear street elements like lanes and point data like
bikeshare docks and bicycle parking racks, a surface footprint is calculated for each street segment, ex-
cluding intersections. To simplify calculations, each street segment is divided longitudinally into 3-me-
ter segments. This length was chosen because it reduces the computational burden while preserving a
granularity that allows capturing variations in street space allocation—parking regulations that apply to
a single parking spot, for instance. Perpendicular axes are created at 3-meter intervals on street segment
centerlines and given a sequential order. The width of every street surface type is calculated for each axis
and ordered according to their position. The surface area for each street surface type, for each axis, can
then be calculated by multiplying its width by 3. It should be noted that this method can create slight
distortions in curved streets, since the distance between perpendicular axes varies according to the lateral
position of the surface in question. Given the aggregation level of the data used in later steps of this
paper, this has been considered as an acceptable imprecision level.

For any chosen half-hour period in the reference year, it is then possible to infer the number of
traffic lanes, parking lanes, transit lanes and cycle lanes on each perpendicular axis according to data
extracted from parking signs as well as the transit priority and cycling networks. An illustration of this
method is shown above in Figure 3.

Once the characteristics of a given street segment are known, it is possible to calculate the surface
area allocated to several categories of street users and usages for any given street in the study area.
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Figure 3. Measuring the width of different street surfaces for each segment

Since the status of parking lanes, bicycle lanes, transit priority lanes and BIXI bikeshare stations var-
ies during the year, this paper focuses on a single date, September 3, 2018, although this analysis could
be repeated for any other date.

23 Estimating observed and potential street demand at the borough scale

The number of trips passing through each borough of the study area is estimated using the 2013 Origi-
ne-Destination (OD) survey data. The 2013 OD survey is the latest available version of a quinquennial
household travel survey that covers the Montréal metropolitan area. The OD survey samples around
4% of metropolitan households and collects information on households and their members as well as
the trips they carried out on the business day before the survey date. Information is collected on differ-
ent household-, person- and trip-level attributes. Survey responses are weighted to represent the total
population, with 410,741 surveyed trips representing almost 9.4 million actual trips on an average fall
weekday (exo, n.d.).

In the present case, information on the origin and destination of trips, their declared departure
time and the mode used for the trip are extracted from the OD survey database. For each survey record
where a trip has been carried out, the shortest-path itinerary between origin and destination is calculated
using the OSRM routing tool (Luxen & Vetter, 2011) with customized routing profiles as well as the
trRouting public transit routing algorithm (Bourbonnais, 2019). Itineraries are calculated for 4 different
modes for each trip record: driving, public transit, cycling and walking. Driving itineraries are calculated
in OSRM using a network where links are weighted with driving times that reflect the intensity of con-
gestion at the declared time of departure. The in-vehicle segments of public transit trips are simulated
in trRouting using the GTES planned service data from the fall 2017 service period. Commuter train
and subway trip legs are ignored since they take place off-street. The access and egress segments of public
transit trips—from the origin to the first boarding stop and from the last alighting stop to the destina-
tion—are calculated in OSRM and considered as walking trips. Cycling itineraries use an OSRM cus-
tom profile that considers factors such as the slope and the presence of cycling infrastructure.

It should be kept in mind that these simulations do not necessarily represent the actual itineraries
used by survey respondents, but a modeled demand based on plausible itineraries calculated using dif-
ferent hypotheses. The phrase “observed demand” used in the rest of this paper should be interpreted
as shorthand for “calculated itineraries for observed trip origins and destinations.” Moreover, since this
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demand is not the result of an equilibrium-based travel demand model but rather of a weighted all-or-
nothing assignment, it is impossible to assess the validity of calculated traffic volumes on individual
street segments. For instance, the modeled volume on a given street segment might exceed its capacity
while there might be no trips assigned to a parallel street segment with equivalent characteristics. For this
reason, trips are aggregated at a borough scale to smooth out such effects.

Observed street demand for a given borough is defined as the sum of all passenger-kilometers trav-
eled (PKT) in a given borough, per mode. This demand is calculated for every borough B and mode M
as shown in Equation 1:

PKT,,= D, #(g,ng,)*W, (1

ilm=M

Where i is a trip record, m, its declared mode, W’ its survey weight and g, the polyline geometry of
its itinerary, while g, is the geometry of borough B and £ (x) represents the calculation of a geometric
length in kilometers.

Four modes M are considered in this paper: driving (includes passengers), on-street public transit,
cycling and walking. For each borough-trip combination, trips are tagged as “internal” if their origin
and destination lie within the borough, “produced” or “attracted” if the origin or the destination, respec-
tively, is located in the borough, or “external” if both of these points lie outside the borough.

Potential street demand for a given borough is defined as the potential demand profile that could
be observed if, in addition to observed active trips, all car and publics transit trips that are practicable
by walking or cycling were carried out using active modes. For each motorized trip in the OD survey
database, a series of criteria—age/gender of the person, length of the trip, structure of the trip chain,
purpose of the trip—are evaluated to assess if the trip could realistically be carried out by walking or
cycling (Morency, Verreault, & Frappier, 2019). Motorized trips that fit in these criteria are considered
latent active trips. The potential demand profile thus includes the following trips:

* Observed pedestrian and cycling trips
* Latent pedestrian and cycling trips
* Observed car and public transit trips that do not qualify as latent active trips

The calculated itineraries corresponding to the potential demand profile are then used to compute
a mode share for each borough using the same method as for observed street demand (see Equation 1),
substituting the declared mode with the potential mode, as well as to determine the trip type (internal,
external, attracted or produced). For the purposes of this paper, only trips carried out in the AM peak
period (6:00 AM to 9:00 AM) are studied, although the same analyses could be applied to other time
periods.

24 Needs-gap analysis

Once both street space supply—i.e., street space allocation for each mode—and demand—i.e., ob-
served and potential trips going through boroughs of the study area—have been computed, they can
be compared in order to assess the gap between them. In line with the egalitarian approach of street
space allocation (Agentur fiir clevere Stidte, 2014; Colville-Andersen, 2018; Gossling et al., 2016; Szell,
2018), the share of street space allocated to transportation modes is compared with the corresponding
observed and potential modal share.

The total area allocated to each street use category is calculated for each borough. Street space
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dedicated to transportation uses includes categories D, DB, T, C, CB, B, CD and PCD as illustrated in
Figure 2. Sidewalk buffers and medians are not considered as transportation space for the purposes of
this paper.

For each borough, the total number of trips per mode is calculated for each type of trip (internal,
external, produced and attracted) and for each period of the day. Trips in a borough are weighted by
the length of the calculated itinerary that intersects the borough in order to represent the total demand
across the borough streets in the form of passenger-kilometers traveled (PKTs).

A needs-gap index (G) for each mode M is then calculated by subtracting the share (%) of mode M
(D,,) from the share (%) of total space supply for mode M (S,,), as shown in Equation 2:

G =S -D @)

3 Results

3.1 Variations in street space allocation within the study area

Figure 4 shows the share of street space allocated to each mode and use of the street in the 11 boroughs
of the study area during the AM peak half-hour (8:00 AM to 8:30 AM). The surface area allocated to
the exclusive use of cyclists and public transit is very low across the study area, ranging from 0.5% (SL)
to 3.2% (RPP). In contrast, half of the total surface area of each borough (48% to 55%) is allocated to
drivers in the AM peak period, as well as between 14% to 18% to on-street vehicle parking (except in
the VM and OU boroughs, where this proportion falls down to 7% of the total street area, most likely
due to parking lanes being converted to driving lanes in peak periods).

P uC mCP »T mD mDP mCS mCD mPCD =M mMB =mPB
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Figure 4. Distribution of street area per borough, per mode and mode combination, AM peak period on a weekday
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The peripheral boroughs of RDP, AC and SL, as well as the central neighborhoods of CDN and
MHM, allocate less street area to exclusive pedestrian infrastructure [P] than the average of 15.4% for
the study area. These boroughs, together with OU, also provide street users with few planted buffers.

Overall, the boroughs of SL and OU are those that offer the least amount of dedicated space to cy-
clists, which explains the inversely proportional part of space shared between cyclists and drivers [CD].
The RDP borough, a mostly suburban area, shows the highest proportion of street space shared between
pedestrians, cyclists and drivers [PCD], indicating that several residential streets in the borough do not
have any dedicated pedestrian infrastructure. The significant presence of PCD space in the central SO
and VM boroughs, on the other hand, is mostly due to the presence of industrial areas and service roads
and to the absence of sidewalks on the road network of the Jean-Drapeau park. It should be noted that a
bike path is present on the city’s Formula 1 circuit, but this path does not appear in the roadway inven-
tory dataset since it is only separated from automobile traffic with temporary bollards. This is a known
limitation of the street surface allocation detection tools used in this paper.

3.2 Temporal variations in street space allocation

Street space allocation is dynamic and can vary according to the month, the day or even the time of day.
Parking regulations and transit priority lane operations can have an important effect on the distribution
of street space within a day. Figure 5 shows the variation in total surface area for different roadway uses
for 4 periods on a weekday (Monday, September 3, 2018) in the Ville-Marie (VM) borough, which
encompasses downtown Montréal. The reference period in this chart is the first period, 4:00 AM to
4:30 AM.
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Figure 5. Variations in street space allocation in the Ville-Marie (downtown) borough during a weekday

The largest variation in street space allocation for motorized modes occurs during the AM peak pe-
riod. At 8:00 AM, on-street parking capacity in the Ville-Marie borough is decreased by 27%, just over
6,300 parking spaces. Most of that space, which represents over 300 hectares of public space, is dedi-
cated to drivers by adding extra driving lanes on several downtown streets. A small increase in “other”
curb space [CS] is also visible, a category which includes delivery zones and other types of restricted
parking areas.

Most of this space returns to driver parking after the AM peak period is over. The midday and
PM peak periods seem to rely less on the reduction of parking space to accommodate drivers, with
respectively 85 and 135 hectares of street space, or around 2,000 and 3,000 parking spaces, transferred
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to drivers.

In comparison, the total area allocated to transit priority lanes in the AM and PM peak periods
across the whole borough represents respectively around 6% and 12% of the extra space allocated to
drivers. This contrasts with the mode share of both modes, with bus trips originating or ending in the
downtown area for the same periods representing 28% of all on-street motorized trips (cars and buses)
produced or attracted by the area.

33 Needs-gap analysis of street space supply and demand

The relationship between transportation demand and supply is not uniform across the study area. Table
3 and Figure 6 present the needs-gap for each mode (G) in the study area as well as in each of the 11
boroughs. Transportation supply and demand in this context are understood respectively as the portion
of street space area allocated to a given mode (S)) for the 8:00 AM to 8:30 AM period on the reference
date and the demand profile of the corresponding mode (D) for observed or potential trips intersecting

the borough in the AM peak period (6:00 AM to 9:00 AM).

Pedestrians - Observed Pedestrians - Potential Cyclists - Observed Cyclists - Potential
Needs-gap

Transit users - Observed Transit users - Potential Drivers - Observed Drivers - Potential

Tiles by CartoDB, CC BY 3.0.; Base data by OpenStreetMap, CC BY-SA

Figure 6. Spatial distribution of the needs-gap, per mode, AM peak period on a weekday

The proportion of surface area allocated to pedestrians across the whole study area is higher than
the observed share of pedestrian PKTs, while the proportion of exclusive cycling space is 50% lower than
the observed share of cyclist PK'Ts. When looking at exclusive transit space, i.e., bus priority lanes, they
represent a meager 0.2% portion of the total street surface in the study area while bus riders make up
14% of observed PKTs. This leads to a major gap in the needs-gap index. Conversely, the proportion
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of street space allocated to car drivers (and passengers) is higher than the associated observed demand.

When looking at the potential demand profile, which represents the potential for active modes for
trips recorded in the 2013 OD survey, the gap becomes more obvious: pedestrian supply is still higher
than potential needs, but cycling space is notably underrepresented with a gap of 7 percentage points.
Due to the transfer of some motorized trips towards active modes, the needs-gap is reduced for transit
but increased for drivers.

Table 3. Needs-gap analysis of street space allocation in the study area, AM peak period on a weekday

P =PEDESTRIANS T = TRANSIT USERS Demand (D;) Supply (S;) Needs-Gap (G;)
C = CYCLISTS D = DRIVERS N % OF PKTS % OF SURFACE PERCENTAGE POINTS
Borough Demand Profile P ¢ T D P C T D P C T D
STUDY AREA Observed 74 27 140 759|164 18 02 8l6| +9.0 -09 -138 +56
Potential 8.0 93 e 712 " " " " +8.4 -74 -114 +104
AC Observed 41 14 136 809|144 15 03 838| +103 +0.1 -133 +29
Potential 4.5 64 115 77.5 " " " " Y -5.0 BERNIIY  +6.2
CDN Observed 10.0 18 99 782|153 25 01 821 e  + 0.6 e +39
Potential 109 102 66 723| " " " " +4.5 BNS78 - 6151 IR0
MHM Observed 5.5 1.2 132 802|156 17 01 826 +102 +05 -131 +24
Potential 519 (0 EHIR B s et i i i i +9.8 -43 -118 +6.3
ou Observed 11.7 61 97 725|194 13 00 793| +77 -48 -97 +68
Potential 132 220 44 605 " " " " +6.2 | -20.6 -44
PMR Observed 110 103 96 692|208 29 01 761| +98 -73 -95 +70
Potential TN 188 461646 " " " " +89 -16.0 -45 +11.5
RDP Observed 2.5 03 140 832|120 1.0 0.0 87.0 +95 +07 -140 +38
Potential 28| 43 iRl | P9 ¢ " " " HONN -3 EENEEN  + 7.1
RPP Observed 8.6 58 197 659|198 36 02 764 +11.1 - 2.2 IR +10.5
Potential 98 184 142 577| " " " " +10.0 -14.8 -139
SL Observed 4.1 03 152 804 144 05 01 850 NS -+ 0.1 IEEESEE +4.6
Potential 50 109 125 716 " " " " +94 -104 -124 +134
so Observed 41 23 220 716|182 13 04 80.1| +141 -09 -216 +84
Potential 4.4 73 2610 " " " " +13.8 -6.0 ] -209 +13.1
VM Observed 14.7 44 128 682|196 16 02 78.6 +49 -27 -126 +104
Potential 15.2009.4 T 1127 64. 20| " " " +44 -7.7 [ -11.0) SEEES
VSP Observed 7.5 22 127 775|169 16 0.2 813 i G -0.7 B-125| +38
Potential 84 93 97 727| " " " " #0850 -7.7 BR-94NN+8.6

The needs-gap between cycling space and observed demand is positive in 4 boroughs: AC and
CDN, dense boroughs somewhat removed from downtown, as well as RDP and SL, boroughs with
a suburban structure, which means that exclusive cycling space is overrepresented when compared to
the observed share of cycling PKTs. In all other boroughs, this relationship is inverted: exclusive cycling
space is underrepresented when compared to the share of observed PKTs. This is most evident in the
PMR borough, a dense, mixed-use, downtown-adjacent borough with the highest share of observed cy-
cling PKTs (10.3%) among all boroughs. Looking at the potential demand profile for cycling reinforces
this observation, with the gap reaching over 15 percentage points in 3 boroughs with a strong cycling

potential (OU, PMR and RPP).
34 Influence of trip types on the needs-gap analysis

Figure 7 shows an example of a comparison between transportation supply and demand in the Ville-
Marie (downtown) borough for both the observed and potential demand profiles. In the AM peak
period, 79.5% of street space dedicated to transportation uses (excluding buffer zones and medians) is



A needs-gap analysis of street space allocation 163

allocated to drivers, whether parked or in motion. Another 19.5% is allocated exclusively to pedestrians,
while the remaining 1% is allocated to the exclusive use of cyclists, parked or in motion.
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Figure 7. Needs-gap analysis of street space allocation in the Ville-Marie (downtown) borough per trip type during the AM
peak period on a weekday

In comparison, drivers and their passengers represent 68.2% of all observed passenger-kilometers
traveled (PKTs) in the borough and pedestrians, 14.7%. Cyclists represent 4.3% of observed PKTs, a
value roughly 4 times greater than the percentage of the street surface area exclusively allocated to them.
The gap between PKTs and street space is even larger when considering potential cycling PKTs, i.e.,
observed cycling trips as well as motorized trips that could plausibly be carried out by cycling. Potential
cycling PKTs represent 9.35% of total potential PKTs during the morning peak in the Ville-Marie bor-
ough, which is almost 10 times greater than the portion of public street space exclusively allocated to
parked or moving bicycles. Conversely, the portion of street space allocated to pedestrians is larger than
both the proportion of observed and potential pedestrian PKTs.

Analyzing different types of trips brings some nuance to these findings. When looking only at
internal PKTs, for instance, i.e., PKTs from trips that are entirely carried out within the same borough,
the relationship between street space supply and needs changes. For all boroughs but the suburban RDD,
the portion of street space allocated to pedestrians is lower than the portion of PKTs (observed and
potential) carried out by pedestrians. In Ville-Marie, as shown in Figure 7, 44.2% of observed internal
PKTs are carried out by pedestrians in the AM peak period, which is over two times greater than the
proportion of pedestrian street space.

When looking at all trips except through trips, the picture varies between central and peripheral
boroughs. For instance, in central boroughs (CDN, PMR, SO, MHM, OU, RPE, VM and VSP), the
proportion of both observed and potential pedestrian PKTs is higher than the corresponding proportion
of the street surface area, whereas the opposite is true for peripheral boroughs (AC, RDEP, SL).

4 Discussion

4.1 Street space allocation in the study area

The portrait of space allocation varies from one borough to another and varies the most between bor-
oughs that have been part of the City of Montréal for a long time and former suburban municipalities
which were merged with the City of Montréal in the last 50 years. For instance, it is possible to observe a
disparity in the provision of planted street buffers between, on one hand, the former independent cities
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of SL, OU and RDP and, on the other hand, the remaining boroughs in the study area. Planted buffers
are almost non-existent in former independent cities (trees are rather planted in front of buildings, on
private properties), while they are frequent in older boroughs. This seems to result from different green-
ing strategies: the construction year attribute in the public trees dataset shows a steadily increasing num-
ber of trees being planted on sidewalks since the 1980s in the central boroughs. The absence of planted
buffers often results in narrower sidewalks and less perceived protection from vehicular traffic, which
can reduce their appeal to pedestrians (Adkins, Dill, Luhr, & Neal, 2012). The same dynamics can be
observed when looking at the presence of sidewalks: the RDP borough, composed of two former inde-
pendent cities, has the highest quantity of PCD space, i.e., space shared between pedestrians, cyclists and
drivers. This is due to a lot of residential streets not having sidewalks, a unique situation in the study area.

'The dynamic nature of street space allocation is also very important when assessing the gap between
transportation needs and supply. While exclusive pedestrian space is mostly fixed, space allocated to
other modes can vary according to the time of the day, the week, the month or the year. Dynamic alloca-
tion currently seems to favor drivers in the downtown area, since the total area of the roadway reallocated
from parking to driving lanes is much greater than the one reallocated to transit priority lanes, even if the
demand for the latter is much greater. The analysis of parking lanes allocation also shows that while over
a quarter of downtown on-street parking space is reallocated to other functions in the AM peak, only
half as much is reallocated during the PM peak. This can be explained by a will to balance the needs of
commuters with those of shoppers during the later periods of the day.

42 Needs-gap analysis

Observing the gap between street transportation supply and demand across different boroughs of the
city of Montréal highlights a series of imbalances in street space allocation in the study area, but also gaps
in the methodological framework of street space allocation assessment.

The most recurrent observation is that the share of city street surfaces provided exclusively to cyclists
and bus riders is proportionally lower than the observed demand in almost all boroughs. This is strik-
ing, especially since bicycle mode shares are on the rise on the Montréal Island (Vélo Québec, 2016, p.
15) while public transit use is among the strongest in North America (Observatoire Grand Montréal,
2018). Moreover, cycling demand can be expected to be higher in 2018, the reference year for the data-
sets used to measure street space allocation, than in 2013, the reference year for the estimation of modal
shares. Moreover, the OD survey is carried out over the fall and the number of surveyed households
increases as the survey period goes on, which tends to skew the mode share of cycling towards its (lower)
winter values (Morency et al., 2015). The proportional imbalance of exclusive cycling space allocation
is even greater when looking at the potential for cycling using the potential demand profile. This can
be explained in part by the fact that only exclusive cycling space—segregated paths and on-street bike
lanes—is considered in this paper. Space shared between cyclists and drivers [CD], while legally open to
cyclists, has been shown to be avoided by certain categories of cyclists because it constitutes a high-stress
type of facility (Dill & McNeil, 2016). However, this reluctance to ride in space shared with drivers var-
ies with the characteristics of the street (lane width, speed limit) and its traffic volume (Imani, Miller, &
Saxe, 2018), which hints at the relevance of considering some shared space as cycling space in further
needs-gap analyses. The same dynamic is at play in the case of public transit: only exclusive bus priority
lanes have been considered. This can lead to a distortion in the needs-gap analysis, since buses also have
access to the general roadway, although it could be argued that in the congested AM peak period, buses
operate at much more inefficient and non-competitive commercial speeds in the absence of dedicated
infrastructure.

From a methodological point of view, the use of a needs-gap measure appears as an efhicient meth-
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od to represent the consistency between a street’s space distribution and its current and potential de-
mand patterns. The modal needs-gap index (G)) developed in this paper should be interpreted with care,
especially when considering exclusive pedestrian space. In most boroughs, the portion of street space
allocated to exclusive pedestrian use is greater than the observed and even the potential pedestrian de-
mand. This could be interpreted as a sign that pedestrian space in these boroughs should be transferred
to other street users since there is what could be considered as an oversupply of pedestrian space. Such
a conclusion would ignore important aspects of pedestrian space: sidewalks, like other transportation
infrastructure, have minimum design guidelines regarding the width of the walking corridor. Narrower
sidewalks could fall under these guidelines, making these sidewalks impractical and possibly dangerous
to pedestrians. This hints at the potential of developing more nuanced needs-gap indices that integrate
the varying needs and constraints of all transportation modes.

Moreover, the pool of street users for whom streets are designed is also an important consideration
to keep in mind. Removing through trips from the street demand in the Ville-Marie borough modified
the assessment of the needs-gap between supply and demand. Planners and decision makers should ask
themselves which users they should have in mind when designing streets: people who cross the area on
their way to another borough, people who participate in different activities within the area, or residents
of the area? And should the same street user groups be prioritized in every borough whether central or
peripheral? The varying answers to these questions will dictate different approaches to street space al-
location.

43 Generalization potential of the needs-gap analysis method

The needs-gap methodology presented in this paper can be replicated in a diversity of urban contexts,
as long as a certain minimal provision of data is available. On the space supply side, a city looking to
apply such a needs-gap analysis to its territory should at least have access to datasets that list the loca-
tions of transportation facilities for each mode (driving and parking lanes, HOV and transit lanes, cycle
lanes and sidewalks). For a static analysis of street space allocation, i.e., one that does not consider the
temporal variation due to parking regulations, transit priority lane availability and so on, this could be
accomplished with data from OpenStreetMap (OpenStreetMap, 2019), providing that the contributed
data is exhaustive. In this scenario, street surfaces could be calculated by estimating widths for each linear
street element based on different properties of the street, as done by Szell (2018). In order to capture
the dynamic dimension of street space allocation, detailed data has to be collected from the municipal
authorities, namely hours of operation of HOV and transit priority lanes, parking regulations, bikeshare
dock activity status and seasonal availability of the cycling network.

On the demand side, the method could be applied using either count data or travel survey data.
The use of count data allows for a street-by-street analysis but limits the analysis to certain locations since
borough—or citywide counts on every street are rare. Moreover, count data does not allow the analyst to
discriminate between internal, external, attracted and produced trips since count data does not provide
information on the origin and destination of the observed trip. On the other hand, survey data allows
for a deeper analysis of the adequation between street supply and demand according to the origin and
destination of the trips. Survey data also offers the opportunity to calculate potential active trips and the
associated potential mode shares by taking person-, trip chain- and trip-level information into account.
However, the spatial resolution of simulated travel survey trip itineraries does not allow for a street-by-
street analysis, since each trip in the database is weighted by an expansion factor but contains only one
origin and destination. For an expansion factor of 25, for instance, where one recorded trip in the survey
sample represents 25 trips in the population, a deterministic shortest-route calculator like OSRM will
produce 25 identical trips emanating from the same location at the same time and using the same streets.
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An in-depth, street-by-street analysis of the needs-gap between street supply and demand would thus
require spatially and temporally disseminated travel survey data.

4.4 Limitations

A certain number of limitations of this paper must be acknowledged. First, the method used to measure
street space allocation depends on the accuracy of several datasets that do not share the same update
schedule. Most datasets published on the City of Montréal’s open data portal are an aggregation of da-
tasets collected by each individual borough, which can mean that the accuracy and reference period of
certain street elements—parking regulations, notably—can vary depending on the borough.

This paper also considers all space shared with drivers [CD and PCD] as exclusive automobile
space for the purposes of the needs-gap analysis. This could be nuanced, with certain shared spaces be-
ing considered as pedestrian or cycling space if it meets low-stress criteria. Also, the mode share used to
represent the transportation demand in the needs-gap analysis does not currently include the pedestrian
segment of car or bicycle trips, i.e., the pedestrian access and egress that are implicit to anchored modes,
although this is very difficult to estimate without data on the parking location associated with these trips.
Moreover, this paper looked at the relationship between supply and demand in the streets of the study
area on a fall weekday during the AM peak, but the results could be different off-peak, on the weekend
or in another season, particularly if driving and parking lanes were analyzed separately.

It should also be noted that the trip data used in this paper comes from a survey that samples only
residents of the Greater Montréal area. This means that a number of actual trips are missing from the
database, most notably trips carried out by tourists. This could change the portrait of the needs-gap,
especially for pedestrian space, in boroughs that attract a lot of tourists like VM or PMR. The survey pe-
riod extends from September to December, which also has an effect on the mode share of active modes
given the increasingly cold weather. Furthermore, phone-based travel surveys using proxy respondents
like the OD survey are known to underreport certain categories of trips, especially short, non-work or
school-related trips carried out by respondents other than the proxy (Badoe & Steuart, 2002). Last, but
not least, the choice of a borough-level analysis can only give an average view of the needs-gap between
supply and demand at the street level within a given borough.

5 Conclusion

This paper has shown the potential of applying a needs-gap analysis for the assessment of street space
allocation. A detailed database of street space allocation was built using several open and government
datasets for a study area composed of 11 boroughs of the city of Montréal. Space allocated to pedestri-
ans, cyclists (moving or parked), drivers (moving or parked) and transit users, as well as sidewalk buffers
and medians, was measured for all streets of the study area in an automated manner for different periods
of a fall weekday in 2018. A needs-gap analysis was then carried out for each borough in the study area
in the AM peak period to assess the gap between street supply, i.e., street space area, and street demand,
i.e., passenger-kilometers traveled (PKTs), for three types of street users: pedestrians, cyclists and drivers.
Disparities between space allocation for different street uses were found across the study area as well
as between different periods of the day. The largest discrepancy between transportation needs and street
space allocation was found to be faced by bus riders and cyclists, with the greatest gaps occurring in the
boroughs with the highest observed mode share for these modes. When considering potential trans-
portation demand, the gaps increased across the study area for cycling and decreased for public transit.
Further research will look at the consideration of shared space into the assessment of street space
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allocation. The needs-gap index will be enhanced with the integration of different constraints for each
infrastructure type as well. Assessment of the needs-gap at a finer scale, at the corridor and street level,
will also be carried out. The impact of weighing the demand profiles with their dynamic space demand
will also be ascertained.
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