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Abstract

fter the emergence of the term “walkability” in the 1990°s, many
metrics have been developed with the aim of evaluating the quality of
the built environment for pedestrians. More recently, researchers have
also sought an association of these metrics with pedestrian behavior:
do better sidewalk conditions and their surroundings correspond with higher
pedestrian activity? To study the association of the built environment with the
share of pedestrian movements, two different indexes, one at the city level (macro)
and one at the neighborhood level (micro), were proposed using georeferenced
data from S&o Paulo (Brazil). Once the available built environment and transport-
related data were incorporated in a linear regression model, the neighborhood-level
index (micro) and the share of pedestrian movements presented a strong positive
correlation (adjusted R2 = 0.797). In addition to the contributions to the
relationship of walkability scores with data from developing countries, the
discussions presented in this paper intend to provide insights into the territorial
disparities in pedestrian mobility, mainly those related to socio-spatial segregation.
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Resumo

Desde o surgimento do termo “caminhabilidade™, na década de 1990, muitas
métricas foram desenvolvidas com o intuito de avaliar a qualidade do
ambiente construido sob a ética do pedestre. Mais recentemente, alguns
pesquisadores tém buscado uma associacao dessas métricas com o
comportamento dos pedestres: melhores condicfes das calcadas e de seus
entornos estdo alinhadas com mais atividades de pedestres? A fim de
investigar a relacdo do ambiente construido existente com a proporcéo de
deslocamentos a pé, um indicador no nivel da cidade (macro) e outro no nivel
do bairro (micro) foram desenvolvidos a partir de dados georreferenciados da
cidade de Sdo Paulo. Uma vez que os dados disponiveis sobre o transporte e 0
ambiente construido foram incorporados em um modelo de regresséo linear, o
o indice na escala do bairro (micro) e a propor¢do de deslocamentos a pé
apresentaram uma forte correlacdo positiva (R2 ajustado = 0,797). Além da
contribuicéo acerca da rela¢do de métricas de caminhabilidade com dados de
paises em desenvolvimento, as discussdes apresentadas neste artigo
pretendem fornecer subsidios para a avaliacdo de desigualdades territoriais
na mobilidade a pé, em especial as relacionadas a segregacao socio-espacial.

Palavras-chave: Mobilidade urbana. Ambiente Construido. Transporte ativo.
Caminhabilidade.
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Introduction

An integrated consideration of both natural and
built environments in transportation planning brings
attention to the importance of data and its outcomes
in identifying, discussing, and anticipating
problems not only among scholars and
municipalities but also for non-governmental
organizations (NGO) and other civil organizations.
Due mainly to the absence of accessible datasets,
the diagnosis and implementation of the most
fundamental parts of the planning process lack
methods regarding the analysis of pedestrians and
other active modes. Large cities amplify this
shortage since the scale of pedestrians requires a
degree of detail that hampers the analysis by public
managers.

The incorporation of the characteristics of
pedestrian movements can be grouped into two
main approaches. In project-oriented studies, at
smaller scales and with a more refined level of
analysis, the attributes are normally summarized
according to concepts from traffic engineering, such
as the associated level of service (LOS) for
pedestrian flows (GONCALVES, 1978; NZ...,
2009). For more aggregated data regarding large-
scale patterns of pedestrian movements, however,
some studies tend to comprise sets of indicators that
are more related to physical conditions, such as the
road network and land use. The latter, which is the
focus in this paper, is referred to as the walkability
(of a neighborhood, district, or city), term that
emerged in the 1990s (BRADSHAW, 1993) and
has been used by different metrics with the aim of
evaluating the quality of the built environment for
pedestrians. The sets of indicators present a
diversity of factors, different levels of analysis, and
several contexts and approaches towards
performing studies on active mobility.

Through walkability metrics, some authors have
sought to identify areas with high potentials for
walking (ACKERSON, 2005; RODRIGUES et al.,
2014; TALEN; KOSCHINSKY, 2013), while
others have focused on access to public
transportation (PAIXAO; DELGADO, 2014;
PASSMORE, 2007) and on the association with
socioeconomic elements and the built environment
(AMANCIO, 2005; CERVERO et al., 2009;
CERVERO; KOCKELMAN, 1997). These metrics
have been developed with the aim of better
designing diagnoses regarding the conditions for
pedestrians (GRIECO; PORTUGAL; ALVES,
2016).

More recently, researchers have sought an
association of these metrics with pedestrian
behavior, i.e., whether better sidewalk conditions
and their surroundings correspond with higher

pedestrian activity. Apart from some recent
contributions (CRANEA; CREPEAUB, 1998;
KRIZEK; HANDY; FORSYTH, 2009; VALE;
PEREIRA, 2016), there is not a consolidated view
on the relationship between built environment
measures and the walking characteristics in the
field. In addition, studies are lacking that assess the
walking conditions of pedestrians in developing
countries, which is a focus of this study.

Through the development of an Attractiveness
Index (Al) for pedestrian movements for the city of
Séo Paulo (Brazil), some discussions regarding the
association of walking and walkability are
proposed:

(a) the diversity of relationships according to the
neighborhood and region within a city; and

(b) the importance of Origin-Destination (OD)
surveys to support the comparison between waking
and walkability indexes, through the correlation
analysis between attractiveness of the built
environment and the pedestrian movements.

To do this, this paper is structured as follows: first,
a data description is provided with the scale of
analysis, and methods adopted to develop the index
at both the city and neighborhood levels. Second,
the results of the Al and its relationships with
pedestrian movement data (OD survey) are
presented, and the verification and the validity of
the adopted regression model are evaluated
followed by a critical discussion. Finally, the
conclusion includes suggestions, limitations, and
possible considerations for future research. In
addition to highlighting the importance of
discussing the urban mobility of cities in developing
countries, the proposed approach is also adaptable
to diverse environments and could be tested in other
cities.

Methodology

Pedestrian trips to pedestrian
movements

The analysis of pedestrian movements through OD
surveys involves many issues since most of the
surveys are oriented towards public transportation
agencies and usually only include movements more
than 15 minutes or 5 blocks long. This approach
eliminates short trips and reduces the number of
actual movements assigned to pedestrians
(VASCONCELLOS; MENDONGCA, 2017). The
consideration of an alternative concept (pedestrian
movements) rather than the trips typically
considered in transport planning was required since
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the conceptualization via transport planning
traditionally undermines considerations of short
trips as trips per se, especially in active modes such
as walking and cycling (VASCONCELLOS, 2017).
In Sdo Paulo’s OD survey, a pedestrian trip is only
incorporated if it covers more than five blocks
(approximately 500 meters) and is performed as a
single mode, i.e., it is not quantified when it is
combined with other transportation modes
(METRO, 2013). To allow for an estimation of the
actual number of pedestrian movements (instead of
pedestrian trips considered by the OD survey) both
the origin and destination of public transportation
trips were used to include two new pedestrian
movements. This methodology was proposed in
2015 by the Brazilian National Association of
Public Transportation (ASSOCIACAO..., 2015),
as shown in Figure 1.

Alongside the pedestrian trips provided by the most
recent OD survey in Metropolitan S&o Paulo
(METRO, 2008), the adopted procedures generated
a new set of pedestrian movements within the zones
previously delimited in the survey. The increased
number of movements is in line with other studies
on this topic (VASCONCELLOS, 2017).

The geographic delineation of the transportation
survey, composed of OD zones, constitutes the
territorial unit used by the Sdo Paulo Subway
System (METRO-SP) to ensure the statistical
validity of the collected data. In addition to
presenting an intermediate scale between the census
tract and the district level, the OD zone’s unit area
makes it possible to aggregate periodic
socioeconomic and transport-related data from both
the Census and the OD survey itself. Moreover, the
limits of OD zones allow for important analyses,
such as road network connectivity and the density
of transit stops in an aggregated level, which cannot
be considered in the census tract level. By
considering the transit system dynamics, the OD
zone enables a more consistent analysis of mobility-
related issues, such as the walkability and Al
discussed in this paper.

City-level pedestrian Attractiveness
Index (Al-macro) and Comparison
Index (CI)

To develop a pedestrian Al at the city level (Al-
macro) capable of representing how a specific zone
performs in terms of pedestrian facilities (natural
environment, urban infrastructure, and public

services), secondary georeferenced data were
sought together with public agencies, research
centers, universities, and civil society associations
in Sdo Paulo, Brazil. This approach allowed for the
construction of 19 indicators of pedestrian
attractiveness in 320 different zones, constituting
five categories: integrity of road network, diversity
of land use, education, road safety, and access to
public transportation. The development of the Al-
macro index was based on indicators that seek to
develop pedestrian-tailored metrics
(FITZPATRICK et al., 2006; KRIZEK, 2003;
MAGHELAL,; CAPP, 2011; MICHAEL; GREEN;
FARQUHAR, 2011; PARTHASARATHI;
LEVINSON; HOCHMAIR, 2013), which
nevertheless lack representation in pedestrian issues
in developing countries. Besides considering the
variables that seem relevant for the appraisal of
pedestrian mobility in cities in developing
countries, the availability of datasets at the city level
was also fundamental for the development of the
Al-macro. The covered categories and the
indicators that compose them are represented in
Table 1.

The categories and respective indicators therefore
represent metrics that are expected to contribute
positively to the attractiveness of pedestrian
movements in each OD zone. The majority of
pedestrian trips were motivated by education (55%
of trips, not only by children or at the school level),
which determined that related indicators would be
considered in a separate category of attractiveness
(CRUZ et al., 2015; METRO, 2008).

To elaborate a single attractiveness metric from the
built indicators, the Analytic Hierarchy Process
(AHP) was adopted as a multicriteria aggregation
method (LEE; CHAN, 2008). To do this, pairwise
comparisons between the indicators of each
category were performed by the participating team
of researchers, followed by comparisons among the
categories that yielded a Consistency Ratio (CR) of
11.1%. Values of CR below 10% are typically
considered acceptable, and ranges between 10%
and 20% are considered moderately acceptable
(SAATY, 1990; WEDLEY, 1993). The aggregated
attractiveness score, the so-called pedestrian Al at
the city level (Al-macro), was obtained through a
weighted average additive aggregation model and
indicates how appealing each OD zone is in light of
the evaluated characteristics of the built
environment at the city level. The comparison
matrix and respective weights are indicated in Table
2.

Walking and walkability: do built environment measures correspond with pedestrian activity? 25
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Figure 1 - Comparison between the total estimated number of trips (on the left) and the total number
of movements (right) in Brazilian cities by transport mode
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Table 1 - Five categories and their nineteen indicators that guided the development of the Al-macro.
Distribution of indicator values in quartiles (1t quartile / median / 3" quartile) and average value (in

brackets) among OD zones of Sdo Paulo (N = 320)

. . Distribution
Category Indicator [unit] Quartiles (average)
Average slope of streets [%] 4.4/79/9.8(7.3)
Integrity of Density of street length [km] 20/411/66 (48)

road network

Intersection density by street length [n/km]
Intersection density by urban area [n/km2]

7.2/8.2/9.3(8.2)
128 / 154 / 185 (161)

Entropy index [dimensionless]

0.6/0.67/0.72 (0.65)

Diversity of Share of built area for collective use [%] 171722 /30 (26)
land use Share of built area for residential use [%] 53/70/77 (62)

Share of built area non-residential use [%] 23/30/47 (38)

No. of children enrolled per urban area [n/ha] | 346 /565 /828 (634)
Education No. of youngsters enrolled per urb. area [n/ha] | 1166 /2020 / 3142 (2245)

No. of adults enrolled per urban area [n/ha]

107 / 385 / 747 (537)

Road safety

Traffic crashes per street length [n/1000 km]

1187184/ 319 (342)

Traffic crashes per urban area [n/km2] 2.09/3.41/5.84 (6.66)
Available fleet per street length [n/h/1000km] | 799 /1036 /1279 (1072)
Access to PT capacity per street length [pax/h/km] 1106/ 1668 / 2583 (2477)
ublic Available fleet per urban area [n/h/km2] 17.6/23.1/28.4 (24.1)
P PT capacity per urban area [1000 pax/h/km2] | 24 /36 /56 (56)

transportation

PT stops per street length [n/1000 km]
PT capacity per population area [pax/hab]

799 /1036 / 1279 (1072)
1.7/2.91/5.9 (7.5)

Table 2 - Comparison matrix between Al-macro indicators and elicited weights

Integrity of Diversity of Education Road Access to
road network land use safety | pub. transp.

Integrity of road network - 0.20 0.33 4.00 0.25
Diversity of land use 5.00 - 5.00 5.00 3.00
Education 3.00 0.20 - 5.00 0.33
Road safety 0.25 0.20 0.20 - 0.20
Access to public transp. 4.00 0.33 3.00 5.00 -

Elicited weight 0.08 0.47 0.15 0.05 0.26
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Figure 2 - Categories of attractiveness for pedestrian movements at the city level
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Higher values in the different categories of
attractiveness (dark orange colors), in Figure 2,
represent a higher contribution towards the
attractiveness index (Al-macro), in Figure 3. By
analyzing the maps in Figure 2, we can see that the
“Integrity of road network”, “Diversity of land use”,
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and “Access to public transportation” are
concentrated in the city center, while Education and
Safety present mainly the opposite spatial pattern,
with higher values in the city periphery.

The prominence of the city's southern region on
road safety can be justified by its particular rural

Walking and walkability: do built environment measures correspond with pedestrian activity? 27
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characteristic, which concentrates a high number of
expressways in low-populated areas with large
water bodies and natural reserves. Since this
category of the Al-macro is greatly based on the rate
of road crashes per street length, the particular
aspect of this region may have affected the
estimation of the safety measures towards higher
values.

Once composed, the Al-macro can be compared to
the proportion of pedestrian movements within the
OD zones; therefore, the relationship of the
measured attractiveness at the city level with the
pedestrian movements was sought. To do this, the
Comparison Index (CI) was proposed to assess the
relationship between the achieved pedestrian
movements and the potential attractiveness of
pedestrians (Eqg. 1).

cl Share of pedestrians movements
B Al —macro

Eq. 1

A higher CI value indicates a greater detachment
between the share of pedestrian movements and the
Al-macro within the OD zone. A lower CI value
indicates a more aligned relationship between the
Al-macro and the share of the pedestrian trips, i.e.,
the attractiveness of the built environment as
represented by the Al-macro is in agreement with
the share of pedestrian movements within each OD
zone. However, different levels of detachment
between the two measurements were identified, as
presented in Figure 4.

The spatial distribution of the CI thus indicates
different influences of the built environment on the
motivations to walk throughout the city in addition
to the assessment of some aspects of social
inequality related to walking, which will be
discussed in the next section.

The ClI is also convenient for the identification of
the most adequate OD zones to perform surveys at
the street level since it works as a proxy of
heterogeneity of the association of the built
environment with the share of pedestrian
movements. Taking advantage of the administrative
division in the city of S&o Paulo in subprefectures
and the compatibility with the OD zones’
boundaries, regions with the highest variations in
the Cl were pursued. In this way, OD zones with
different Cls could be surveyed to seek answers to
the different levels of detachment between the share
of pedestrian movements and the pedestrian Al at
the city level (Al-macro). In this regard, the
pedestrian Al at the neighborhood level (Al-micro)
was proposed and applied to eight OD zones at the
Subprefecture of Sé, in the downtown area (cf.
selected zones in Figure 4). This region was
selected because it yielded the largest difference
between the obtained Cls for the OD zones and
presents a consolidated urban fabric, which could
be assessed further through data collection at the
neighborhood level.

Figure 4 - Development of the Comparison Index (Cl) from the proportion of pedestrian movements (on
the upper left) and the city level Attractiveness Index (Al-macro, on the lower left). The inset shows
selected OD zones to develop the neighborhood-level pedestrian Attractiveness Index (Al-micro)
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Neighborhood-level pedestrian
Attractiveness Index (Al-micro)

At the neighborhood level, the development of a
pedestrian Al required metrics at scales smaller than
most of the available datasets, which demanded the
development of indicators through data collection at
the street level. In search of open-source and user-
friendly devices that lead to a shorter duration of
surveys and lower associated costs, the primary data
gathering methods combined functionalities from
open-source QGIS software and Google Maps
devices (Street View and MyMaps) that could be
easily adopted by advocacy and public stakeholders
(BLECIC et al.,, 2015). Eight parameters were
surveyed in 829 features (street links) in the selected
OD zones (cf. Figure 5), resulting in 82 kilometers
of road network. The considered parameters
included the physical characteristics of sidewalks
(existence, width, continuity, and quality of
pavement) and the aspects of the pedestrian
surroundings (vegetation coverage, road signage,
active facades, and number of traffic lanes),
convergent with similar researches (MAGHELAL,;

CAPP, 2011; CAMBRA, 2015; STOCKTON et al.,
2016).

Within the selected OD zones, the physical
characteristics of sidewalks and the aspects of the
pedestrian surroundings were collected according to
Table 3.

The data collection vyielded values of each
component that portray the characteristics of the
pedestrian environment in the selected OD zones at
the neighborhood level, as indicated in Table 4.

Similarly, the AHP additive aggregation method
was adopted to elaborate a single attractiveness
metric through pairwise comparisons between the
gathered indicators, which also yielded consistent
results, according to Table 5, with Consistency
Ratio equal to 5.0%, which is considered consistent
(SAATY, 1990; WEDLEY, 1993). Two attributes
comprised 56% of the assigned weights and were
considered therefore the most relevant for
pedestrian policy at the neighborhood level: active
fagade (32%) and continuity of sidewalks (24%).
The matrix obtained for the comparison of the Al-
micro components is indicated in Table 5.

Figure 5 - Selected OD zones whose data was collected at the neighborhood level

~
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Table 3 - Eight categories and their codification that guided the development of the Al-micro

Category

Codification (description)

Existence of

0 - No sidewalks
1 - Sidewalk on only one side of the road

sidewalks 2 - Sidewalks on both sides of the road
Width of . . L . .
. Approximate dimension in meters, discretized every 0.5 meter.
sidewalks
. 0 - Poor (no pavement or poor quality in practically the whole extension of the sidewalk)
Quality of 1 ) g i lity i hes of the sidewalk
sidewalk - Bad (pavement in poor quality in most stretches of the sidewa ) _
avement 2 - Regular (pavement with similar proportion between good and poor quality)

P 3 - Good (pavement with few stretches in poor quality)
0 - Sidewalk without any continuity: pedestrian is forced to walk off the sidewalk in most
of its extension
1 - Sidewalk with almost no continuity: pedestrian is brought to walk off the sidewalk in

Sidewalk great part of the path

continuity 2 - Pedestrians can walk entirely on the sidewalk, but still have to make significant
deviations
3 - Pedestrians must make a few deviations along the sidewalk
4 - Pedestrians can do their route along the sidewalk without significant deviations
Inversely proportional to the number of road lanes in both directions of the road:
0 — Four (4) road lanes or more

Narrowness

of 1 - Three (3) road lanes

the roadway

2 —Two (2) road lanes
3- One (1) road lane
4 - no road lane (pedestrian zone)

0 - No trees along the sidewalk
1 — Few trees along the sidewalk

gge\?ei?;'eon 2 - Similar proportion pf stretches_with and without t_rees
3 - Much of the extension of the sidewalk covered with trees
4 - Trees covering along the entire sidewalk
0 - No signage

Road 1 - Horizontal signaling only

signage for 2 - Horizontal and vertical signaling

pedestrians

3 - Horizontal and vertical signaling, traffic lights
4 - Horizontal and vertical signaling, traffic lights, pedestrian signs

Active
facade

0 - No buildings with active facades along the entire extension of the sidewalk
1 - Up to 20% of the extension of the sidewalk present buildings with active facade
2 - 20% to 40% of the ext. of the sidewalk present buildings with active facade
3 - 40% to 60% of the ext. of the sidewalk present buildings with active facade
4 — More than 60% of the ext. of the sidewalk present build. with active fagade

Table 4 - Median value and range (in brackets) of the Al-micro components within the selected OD

zones
oD Exist. of Width of Qu_allty of Sidewalk No. of Veget. _Road Active
zone - - sidew. Lo sign. for
sidewalks | sidewalks pav, continuity lanes* coverage ped, facade
FAAP 2(1-2) | 25(0.5-4) 2 (1-4) 2 (0-4) 2 (1-5) 2 (0-4) 1(0-3) 0 (0-3)
Higiendpolis 2 (2-2) 3(2-35) 3 (1-4) 2 (0-3) 2 (0-4) 3 (0-4) 1(0-2) 0 (0-3)
Mal. Deodoro | 2 (0-2) 2.5(0-4) 3 (0-4) 3 (0-4) 2 (1-4) 1 (0-4) 1(0-3) 1(0-4)
Pacaembu 2(1-2) 2 (1-35) 2(1-3) 1(0-3) 2(1-3) 3(0-4) 0 (0-1) 0 (0-1)
Rudge 2 (0-2) 2 (0-4) 2 (0-4) 2 (0-4) 2 (0-5) 1(0-4) 1(0-3) 0(0-2)
Cto. Cultural 2(1-2) 2 (1-4) 3 (1-4) 2 (1-4) 2 (1-5) 2 (0-4) 1(0-3) 0 (0-4)
Liberdade 2 (0-2) 2 (0-5) 3 (0-4) 2 (0-4) 2 (1-6) 1 (0-4) 1(0-3) 1(0-4)
Pires da Mota | 2 (2-2) 25(1-4) 3 (2-4) 4 (1-4) 2 (1-4) 1 (0-4) 1 (0-4) 1(0-4)
Total 2 (0-2) 2.5(0-5) 3 (0-4) 2 (0-4) 2 (0-6) 2 (0-4) 1(0-4) 0 (0-4)

Note: *indicates the number of lanes, which is a primary source for the estimation of the narrowness of the roadway.
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Table 5 - Comparison matrix between Al-micro components and elicited weights

1WS | 2QP | 3.5C | 4NR | 5VC | 6.SP | 7.AF | 8.ES
1. Width of sidewalks (WS) - 020 | 0.14 | 033 | 0.20 | 0.20 | 0.11 | 1.00
2. Quality of sidewalk pav. (QP) 5.00 - 0.33 | 1.00 | 1.00 | 1.00 | 0.20 | 6.00
3. Sidewalk continuity (SC) 7.00 | 3.00 - 5.00 | 3.00 | 1.00 | 1.00 | 8.00
4. Narrowness of the roadway (NR) 3.00 1.00 | 0.20 - 0.25 | 1.00 | 0.14 | 4.00
5. Vegetation coverage (VC) 5.00 1.00 | 0.33 | 4.00 - 1.00 | 0.20 | 5.00
6. Road signage for ped. (SP) 5.00 1.00 | 1.00 | 1.00 | 1.00 - 0.50 | 4.00
7. Active facade (AF) 9.00 | 500 | 1.00 | 7.00 | 5.00 | 2.00 - 8.00
8. Existence of sidewalks (ES) 1.00 0.17 | 012 | 025 | 0.20 | 0.25 | 0.12 -
Elicited weight 0.02 | 010 | 0.24 | 007 | 0.12 | 0.12 | 0.32 | 0.02

The collected attributes were then additively
aggregated by feature (road link), according to the
multicriteria weights and then by OD zone,
weighted according to the road length. This resulted
in the pedestrian Al at the neighborhood level (Al-
micro). Similar to the city-level index (Al-macro),
the Al-micro could be compared to the share of
pedestrian movements within the OD zones, which
yielded the results that are presented in the
following section.

The methodology previously described is
summarized schematically in Figure 6.

Results and discussion

Through the different levels of adherence of the
city-level pedestrian Al (Al-macro) with the
effective realization of pedestrian movements, the
Cl highlights the inappropriateness of a single
attractiveness metric to represent the influence of
the built environment on the motivations to walk in
different parts of the city. Moreover, the Cl enables
the assessment of some aspects of social inequality
related to walking: lower CI values indicate zones
with individuals that walk little, although living in
a rather attractive neighborhood (around the city
center and along the economic and business
expansion area in the southwest zone), and higher
Cl values reveal regions that, despite having poorly
walkable conditions, present very high shares of
walking (especially in the low income outskirts).
The value of CI is proportional to the share of
pedestrian movements and inversely proportional to
the Al-macro. In this sense, a lower ClI can be
obtained both by increasing the Al-macro value and
lowering the share of pedestrian movements.

Figure 7 presents some east zones with low income
profiles that have high CI values (dark orange
colors); most of the zones closer to the Central
Business District have low CI values (dark blue). In
transport planning, this can assist the definition of
specific public policies. In zones with higher CI

values, policies should be oriented towards the
qualification and upgrading of existing pedestrian
movements since these movements occur in rather
inadequate conditions for pedestrians. In regions
with lower CI values where the built environment
presents a rather consolidated level, the low
performance in the share of pedestrian movements
can be addressed through activities that seek to
promote walking as a mode of transportation, e.g.,
advocacy and campaigns on pedestrian mobility.

The analysis of the proportion of pedestrian
movements and the proposed Als (Al-macro and
Al-micro, i.e., at the city and at the neighborhood
level) raise some questions concerning pedestrian
behavior in the urban environment: should greater
attractiveness of the built environment be correlated
with higher pedestrian shares? The CI indicates no
correlation between the two variables at the city
level. To verify whether the detachment observed
through the CI also applies to the neighborhood-
level index (Al-micro), a new assessment was
proposed. Four econometric models were proposed
to assess the relationship between the share of
pedestrian movements (dependent variable) and the
obtained measures:

(c) with Al-macro only (model 1);
(d) Al-macro and Al-micro (model 2);
(e) Al-micro only (model 3); and

(f) the logarithmic transformation of Al-micro
(model 4).

As stated by the CI, the Al-macro is not a good
predictor of the share of pedestrian movements.
However, the composition of the Al-macro and Al-
micro presents a much-improved goodness-of-fit,
with an adjusted R2 increased to 0.760. The Model
3 with only Al-micro yields better results (adjusted
R2 = 0.797), which fit even better with the adoption
of the logarithmic transformed Al-microi.e., In (Al-
micro), as presented in Table 6.
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Figure 6 - Schematic representation of the adopted methodological steps
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Table 6 - Relevant goodness-of-fit measures (above dashed line) and coefficients of inserted dependent
variables (below dashed line) for linear regression models (dependent variable: share of pedestrian

movements)

Model 1 Model 2 Model 3 Model 4
Adjusted R2 -0.009 0.760 0.797 0.861
Durbin-Watson 1.787 2.716 2.818 2.820
F (ANOVA) 0.935 12.096** 28.474%** 44 .430***
(constant) 0.418** 0.193 0.206** 0.848***
Al-macro 0.172 0.026
Al-micro 0.798 0.816***
In (Al-micro) 0.337***

Note: *, ** and *** show significance at a level of 10%, 5%, and 1%, respectively.

Regarding the verification of the distribution of
disturbances, only model 1 presents no normality of
the disturbances and certain heteroscedasticity of
disturbances with the predicted values. Regarding
the non-autocorrelation of disturbances, indicated
by values of the Durbin-Watson statistics around
2.0 (WASHINGTON,; KARLAFTIS;
MANNERING, 2010), the models yielded values
between 1.8 and 2.6, thus indicating that no strong
autocorrelation is present.

The results therefore reveal that indicators at the
neighborhood level, such as active fagade and
sidewalk continuity, may be better predictors of the
share of pedestrian movements than the ones at the
city level, such as diversity of land use and access
to public transportation, which are highlighted in

similar studies (MARINS, 2017). Moreover, they
seem to highlight some aspects concerning the way
in which the proportion of pedestrian movements
relate with the built environment. The logarithm-
like relationship between the two variables suggest
that upgrades in attractiveness indicators in poorly
qualified areas would perform better in terms of an
increase in pedestrian shares than the ones that
already present high scores in the same region. This
relationship is similarly outlined in recent studies
(CAMBRA, 2015).

Among the obtained models, although presenting
the greatest fit and inserting the transformed
variable In (Al-micro), model 4 presents an
estimated constant that does not seem reasonable:
the range of Al-micro values, i.e., from 0 to 1,
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results in non-consistent pedestrian shares, between
0.85 and 1.33. Therefore, model 3 is selected to
better predict the share of pedestrian movements.
Besides presenting relevant  goodness-of-fit
measures in the model validation (i.e., adjusted R2
of 0.827 and similar estimated coefficients in 20%
of the sample data), model 3 indicates interesting
outcomes concerning the attractiveness of the built
environment and the modal share. Areas with the
minimal conditions for walking, i.e., an Al-micro
equal to O (zero), nevertheless present 21% of
movements made by foot, whereas optimal
conditions of attractiveness in a region, i.e., an Al-
micro equal to 1, lead to pedestrian shares of 97%.

Conclusions

In the search for the incorporation of pedestrian
mobility into transport policies, the attractiveness of
the built environment was believed to endorse the
elaboration of methods focused on active modes of
transportation. By relating the OD survey
pedestrian data of S&o Paulo (Brazil) with the
proposed pedestrian Al at the city level (Al-macro),
it was possible to develop an indicator, the
Comparison Index (Cl), to guide two types of
strategies for upgrading the built environment. High
Cl values suggest prioritizing the upgrading of
existing pedestrian movements performed under
inadequate conditions (mostly in the low income
outskirts), and low CI values indicate a better match
of strategies for promoting walking (e.g.,
marketing, advocacy, campaigns) in regions with a
low pedestrian share and a rather consolidated
infrastructure (mostly located around the city
center).

The assessment of the built environment was hence
conducted at the neighborhood level (Al-micro),
which yielded a strong positive correlation
(adjusted R2 = 0.797) with the share of pedestrian
movements, thus indicating the potential of
aggregated measures at the scale of the
neighborhood to reveal a correlation with the
performance of walking movements. Besides
highlighting the importance of collecting data at
lower scales (e.g., the street and the neighborhood)
to guide suitable pedestrian-oriented strategies, the
findings also indicate different attractiveness
indexes according to the region of the city and to
pedestrian groups, possibly due to different
perceptions, as suggested in recent findings
(MOURA; CAMBRA; GONCALVES, 2017).

The adopted aggregation method to compose the
Attractiveness Indexes (Al-macro and Al-micro)

was found to be appropriate to indicate the
fundamental role of three factors in attracting
pedestrian movements: active facade, narrowness
of streets, and sidewalk continuity. These factors
differ from the usually emphasized width of the
sidewalks as the single indicator for upgrading
sidewalks. A major limitation of this method
concerns its unsuitability to observe important
differences in the evaluation of the built
environment parameters according to gender. As
indicated by Harkot et al. (2017), the selection of
the parameters and the assignment of weights were
performed by male researchers only. When
evaluated by female researchers, the set of
categories resulted in a greater importance
associated to the active facade (40%) and the
narrowness of roadways (23%), in which the
analysis yielded lower values of the Al-micro in all
OD zones from the perspective of women (ibid.).

The pertinence of the active fagade in pedestrian
assessments here identified demands nevertheless
special attention in further studies. Although the
selected OD zones were located in a consolidated
area and close from each other, the proposed
measures might not fully reflect possible spatial
idiosyncrasies, such as the contrast between a
typical residential only zone (e.g. Pacaembu) and a
commercial district (e.g. Liberdade). The
consideration of distinct urban contexts (such as
low-income communities, industrial districts, and
university campuses) might then underlie analyses
at the neighborhood level that are stratified by land
use.

To develop further studies, some suggestions are
proposed:

(a) continuity of data collection at the
neighborhood level in OD zones of other regions
(subprefectures);

(b) the appraisal of alternative data collection
methods that properly consider the scale and
viewpoint of pedestrians;

(c) the collection of pedestrian movement data
instead of their estimation from the provided
pedestrian trips;

(d) the consideration of non-compensatory, i.e.,
non-additive aggregation methods, to compose the
proposed Al; and

(e) the adoption of participatory assessment
methods that consider gender-related issues and
subjective dimensions of pedestrians, as well as
other relevant aspects for the appreciation of
disparities in pedestrian mobility.
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