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Abstract: Walking is the most common, environment-friendly, and inexpensive type of physical
activity. To perform in-depth walkability analysis, one option is to objectively evaluate different
aspects of built environment related to walkability. In this study, we proposed a computational
framework for walkability measurement using open data. Three major steps of this framework
include the web scrapping of publicly available online data, determining varying weights of variables,
and generating a synthetic walkability index. The results suggest three major conclusions. First, the
proposed framework provides an explicit mechanism for walkability measurement. Second, the
synthetic walkability index from this framework is comparable to Walk Score, and it tends to have a
slightly higher sensitivity, especially in highly walkable areas in urban core. Third, this framework
was effectively applied in a metropolitan area that contains three small cities that together represent
a small, old shrinking region, which extends the topical area in the literature. This framework has
the potential to quantify walkability in any city, especially cities with a small population where
walkability has rarely been studied, or those having no quantification indicator. For such areas,
researchers can calculate the synthetic walkability index based on this framework, to assist urban
planners, community leaders, health officials, and policymakers in their practices to improve the
walking environment of their communities.
Keywords: walkability; GIS; data-driven method; open data; shrinking small cities; geospatial big
data; smart cities; urban mapping; urban built environment; urban planning

1. Introduction
Walking plays a key role in promoting healthy communities, increasing economic opportunities,
and strengthening social connections [1]. It attracts attentions of urban planners, health officials,
geographers, social scientists, and policy makers. Besides, walking is the most common form of
physical activity among adults [2]. The extent to which adults will walk in their neighborhoods relies
on a variety of factors in urban environments [3–5]. As a popular term in the urban studies and
public health literature, walkability is increasingly employed to describe the capacity of a community
to support its residents’ walking activity [6,7]. The characteristics associated with neighborhood
walkability have positive impacts on three aspects.
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The first is about health benefits. Walking is an accessible form of physical activity that may be
readily adopted by people of all ages, requiring little skill, and presenting a limited opportunity for
injury [8–11]. This is particularly important in the context of the increasing obesity problem worldwide
and in the U.S. [12]. In 2014, the obesity rate of American adults was over 37% compared to a rate
of less than 15 percent in 1960 [13]. Obesity carries individual as well as collective costs, and it is a
major risk factor for cardiovascular disease, diabetes, depression, sleep apnea, hypertension, bone and
joint diseases, and various cancers [10,14]. Its associated annual medical costs reached $147 billion in
2008 [15]. A lack of physical activity is a primary driver of the growing obesity rate [12]. The World
Health Organization reports that 25% of adults have physical activities less than 150 min per week [16].
This deficit led the U.S. Federal Government published its physical activity guidelines to meet Healthy
People 2020 targets [17,18]. Increasing the proportion of trips made by walking is one of the fifteen
objectives, as recommended by the U.S. Department of Health and Human Service [18].
Social benefit is another outcome of increasing walkability. It is found that walkability is linked to
the component of social capital and quality of life in many studies [19]. Social capital is the networks
of relationships among people, which can enhance the efficiency of society [20,21]. Studies have also
found that neighborhoods with better conditions of walking have higher levels of social capital, as
people there are more likely to know each other, and to be more socially connected [22]. In addition,
high walkability is always associated with an attractive urban built environment, which can be a driver
to restore parts of the cities.
The third is about economic benefit. A highly walkable community could provide a safe and
convenient environment for walking and riding, as such, people are likely to spend less on transportation
(www.pedbikeinfo.org). Health cost could be saved due to sufficient physical exercises [23]. In addition
to personal cost, non-motorized travelling mode may reduce public costs for road and parking services,
traffic congestion, and environmental damages [23–25]. Besides, walkability could affect housing
prices to some extent [26–28]. In the U.S., houses located in more walkable neighborhoods are about
$4000 to $34,000 more expensive than similar houses in less walkable areas [29]. Further, walkability
can promote spending on local businesses to accelerate economic development in communities. Major
beneficial activities, such as socializing, shopping, or dining, may appear in pedestrian environment.
These activities are directly influenced by the quality of the walking environment [23]. The 2012
Benchmarking Report on Bicycling and Walking in the U.S. [30] found that pedestrian and bicycle
infrastructure projects create eight to 12 jobs per $1 million of spending, compared to just seven jobs
created per $1 million spent on road infrastructure projects [31]. An example is that pedestrians spend
more money in New York City over the course of a week than users with any other transportation
mode [32].
To perform in-depth walkability analysis, one option is to objectively evaluate the different
aspects of built environment related to walkability. Three dimensions of walking environment in a
community, including density, destinations and design (also known as “3Ds”), were summarized in
the literature [33]. Following this fundamental concept, the Neighborhood Environment Walkability
Survey was conducted in San Diego, California [6]. Two major aspects of walkability, including
connectivity and proximity to destinations, were characterized in [2]. Further, an index was developed
at the census block group level to assess the neighborhood walkability by considering density, land-use
mix and street connectivity [34]. The Neighborhood Environment Walkability Scale was further
improved to measure residents’ perceptions to different environmental characteristics [4,35].
Although existing research effectively reflects walkability to some extent, the metrics in these
studies may be further improved in several ways. First, the selection of some variables, for example,
the weights used in these indicators, rely heavily on local knowledge, which might be somewhat
subjective [34]. Second, some measures used in the literature may not be readily available in other
study areas, due to the limited data access as well as regional differences. Third, most of studies in
the literature place an emphasis on cities with a large population [33,34,36–47], cities with smaller
population and at different development stages are understudied. To address these problems, the
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employment base to 22,000 workers and had more than 20 factories spread throughout the Triple
Cities by the 1940. At its peak it produced 50 million pairs of shoes annually that were consumed
globally [48,49]. EJ was a paternal corporation and created a landscape of social and recreational
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large employment. The first, Endicott-Johnson Shoe Corporation (E-J), expanded its employment base
to 22,000 workers and had more than 20 factories spread throughout the Triple Cities by the 1940.
At its peak it produced 50 million pairs of shoes annually that were consumed globally [48,49]. EJ
was a paternal corporation and created a landscape of social and recreational spaces visible today as
testimony of their position in the urban region (parks, carousels, and former industrial buildings that
are being converted into reusable spaces).
When E-J fell to global cheap labor and competition, the Triple Cities had the good fortune of
the arrival of Thomas J. Watson Sr., a friend of George F. Johnson (the owner of E-J), in Endicott in
1906, where he created a worker’s time clock. This business evolved into the International Business
Machines in the 1920s (i.e., IBM Corporation). After WWII, under the leadership of Thomas J. Watson,
Jr., IBM rapidly became a computer industry leader. The second Watson led IBM until the 1960s and
the family control of the corporation ceased in the 1970s [50]. IBM had become a high tech corporation
that employed nearly 20,000 at its peak. Other tech corporations made the area attractive too, including
Link Aviation, Inc. that produced Link’s famous Blue-Box Pilot Trainer. That invention found success
when the federal government purchased large numbers of Link’s machines for training WWII pilots.
Binghamton factories boomed and eventually Link Aviation evolved into additional high tech products
and was purchased by Singer Corporation.
As a result of the industrial employment provided by these corporations among others, both
highly skilled and unskilled work contributed to the growth of Broome County and The Triple Cities
until 1970, when Broome County reached its peak of 221,815 (according to U.S. Census Bureau,
hereafter). Binghamton had reached its peak population in 1950, 80,674, and continued to fall through
2010 to 47,380. Endicott and Johnson City also reached their population peaks, but in 1970. Since
that time, the Triple Cities have evolved into shrinking cities. Manufacturing jobs disappeared;
out-migration resulted.
Shrinking cities experience dynamic depopulation trends [51]. Key indicators produce additional
shocks that accompany out-migration and continued loss of manufacturing jobs over decades, further
reducing chances for revitalization, and include shrinking per capita income, increasing unemployment,
declining commercial, and a loss of the tax base. This may be more problematic for small shrinking
cities than large ones.
As reported in Table 1, it is clear to observe the trends of depopulation and job losses in the three
municipalities, based on the statistics from the 2010 U.S. Census data, which we consider the most
accurate when compared to the range of error in the yearly ACS estimates. These trends indicate that
the Triple Cities scored high in negative indicators related to the loss of population and employment
opportunities. As such, it is very unique to study walking environment under such a social context.
Table 1. Negative Trends for Indicators in three cities in the Greater Binghamton Area, 1980–2010.
Indicator

Year

Binghamton

Endicott

Johnson City

Percent
Unemployed

1980
1990
2000
2010

4.98
4.98
6.47
3.95

5.61
6.42
4.57
6.91

4.4
4.99
6.41
9.2

Percent Below
Poverty

1980
1990
2000
2010

30.73
44.37
41.46
49.11

13.2
23.76
23.78
19.24

22.88
17.24
27.98
37.1

In terms of data, multiple open datasets were employed to characterize different dimensions of
walkability. The amenity data were used to characterize various types of points of interests (POI)
that have either positive or negative impacts on walkability. These POI amenities include fine dining
restaurants, fast food restaurants, bars, pubs and taverns, groceries, convenient stores, shopping stores,
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health services, banks, auto services, parks, local landmarks, bus stops, and post offices. Addresses of
these amenities data were directly extracted from the website of Yellow Pages (www.yellowpages.com),
and then converted to point data by geocoding. Unlike the POI data used in most studies, which
might
have
been2020,
acquired
fewREVIEW
years ago, web scrapping of online results can provide the5most
ISPRS Int.
J. Geo-Inf.
9, x FORaPEER
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Flowchart of the proposed data-driven framework for walkability quantification.
Figure 2. Flowchart
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followed by the parsing location information in each html file. The latitudes and longitudes of target
POIs were extracted and converted into shapefile. Web scrapping was repeated to derive all amenity
locations (regardless attracting or discouraging walking). We then grouped a collection of amenities
with similar functions into a general category. For example, clothing stores, furniture stores and auto
stores were grouped as the “shopping stores” class. Hospitals and dental clinics were grouped as
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the parsing location information in each html file. The latitudes and longitudes of target POIs were
extracted and converted into shapefile. Web scrapping was repeated to derive all amenity locations
(regardless attracting or discouraging walking). We then grouped a collection of amenities with similar
functions into a general category. For example, clothing stores, furniture stores and auto stores were
grouped as the “shopping stores” class. Hospitals and dental clinics were grouped as “health services”.
Overall, seven generalized categories were obtained, including dining services, food markets, shopping
stores, daily services, bus stops, local landmarks, and parks. The detailed subcategories of various
amenities are listed in Table 2. The amenity density was then calculated as the total count of a type of
amenity within a 1-km network-based buffer, following previous studies [19,34].
Table 2. Detailed categories of various amenities.
Generalized Categories

Detailed Levels of POIs

Dining services

Full Service Restaurants
Fast food Restaurants
Bars, pubs and taverns

Food markets

Groceries
Supermarkets

Shopping stores

Department stores, furniture stores, clothing stores
and discount stores

Daily services

Health services
Banks
Auto services
Post offices

Bus stops

Bus stops

Landmarks

Local landmarks

Parks

Parks

Land use mix was employed to characterize the degree of variation of land uses [34,58]. Shannon
diversity index was used to quantify richness and divergence in a group. In this study, this measure
was specifically used to quantify the mixture degree of land use types that are closely related to human
daily activities. With an emphasis on residential, commercial and office lands following the literature,
the Shannon entropy index for land use mix is calculated as follows:
Pn
M=−

i=1 pi log pi

log n

(1)

where M is the degree of land use mix, pi is the proportion of land use type i within a buffer, and /n is
the total number of major land use types (n = 3 in this study). Comparing with just the total count of
types of mixed land use within a buffer, this metric can more effectively describe the variation due to
different geographical areas but with the same number of mixed land use types [34].
In addition, several types of “density” variables were calculated. These include density of housing,
crime, population, intersection, and street. Housing density was calculated as the total count of housing
within a 1-km network buffer. We derived the amount of residential housing units directly from the
parcel and zoning data. Similarly, population density was calculated as the population total over the
residential area. However, the Census data only provide demographic information at the Census tract,
block group, and block level, and the boundaries of these scales are inconsistent with that of the buffer
zone. Therefore, population totals within the 1-km buffer zone were estimated using the housing unit
method [59]. With this method, the total amount of population is estimated as the total counts of
housing units multiplied by the average person per household, then adding the population of group
quarter. This was done by implementing the remotely sensed data assisted housing unit approach.
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More details of small area population estimation are referred to the literature [60,61]. Intersection
density is a useful indicator of street connectivity [19]. A community with higher degree of street
connectivity would encourage residents to walk or cycle frequently [19,34,54,55]. The intersection
density is calculated as the total counts of intersections of the street centerlines within a 1-km network
buffer, street density is calculated as the total length of street segments in a buffer with the same size.
Highways were not considered when calculating these two indicators.
Finally, two topographical variables were included to examine whether walkability is affected by
topographical features, especially due to the fact that the Greater Binghamton Area is located in valley.
Two variables, i.e., the average elevation and the average slope within a local buffer, were considered.
Elevation was directly obtained from the SRTM DEM dataset, and the average elevation was calculated
within the immediate 1-km network buffer. Slope was calculated based on DEM, which was further
averaged within each buffer zone.
3.2. Synthetic Walkability Index from the Proposed Framework
Based on this framework, a synthetic walkability index was developed to quantify the walking
environment in the study area. This index can be calculated at individual location. It is synthesized by
integrating a number of variables capturing different aspects of walking environment using principle
component analysis (PCA). Prior to conducting PCA, communality of each variable was calculated to
remove variables with fewer contributions. Input variables with a communality score less than 0.5
were removed. Components with an eigenvalue greater than 1 were identified and kept as the primary
components in the pool. The synthetic walkability index was then derived as a weighted sum of all
primary components, by using the explained variance as their respective weights. This index can be
formulated as follows:
n
X
S=
Vi Fi
(2)
1

where S is the synthetic walkability index, n is the number of components created; Fi is the score of
component I; Vi is the variance of component i from PCA, and is used as the weight of a component.
3.3. Comparative Analysis
To evaluate the performance of the synthetic walkability index based on the proposed framework,
values of Walk Score were extracted from its website (www.walkscore.com). Walk Score is a walkability
metric with a range from 0 to 100 in a limited number of countries. Five categories of amenities are used
to obtain Walk Score, including retail (e.g., convenience, drug, grocery, and bookstores), educational
(e.g., schools), dining (e.g., restaurants), entertainment (e.g., movie theaters), and recreational (e.g.,
gyms and parks). It is calculated as a weighted score of Euclidean distances to various nearest
amenities, but it remains unknown how the weights are decided. This metric has been used in several
applications in different fields [7,52,53]. For comparison purposes, five hundred samples of different
addresses in the Triple Cities Area were randomly selected. Values of Walk Score of these random
samples were retrieved using the API provided by their website. The synthetic walkability indices of
these samples were then compared with the values of Walk Score at the same location. Comparisons
between synthetic walkability index and Walk Score were performed for evaluation by using the same
random samples.
4. Results
4.1. Results of PCA
Communality of the input variables was calculated prior to performing PCA (see Table 3).
Variables with a threshold less than 0.5 were removed, and the rest were kept for further analysis.
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Table 3. Variable selection based on communalities.
Variables
Housing density
Population density
Land-use mix
Dining services
Bus stops
Crime density
Intersection density
Food markets
Shopping stores
Daily services
Street density
Parks
Local landmarks
Slope
Elevation

Communality

Communality

(15 Variables)

(11 Variables)

0.935
0.928
0.896
0.884
0.836
0.803
0.789
0.762
0.748
0.745
0.603
0.424
0.381
0.238
0.217

0.955
0.951
0.905
0.895
0.878
0.797
0.878
0.787
0.71
0.787
0.748
/
/
/
/

Table 4 lists the initial eigenvalues and total variance explained by each component. Four major
components were selected as shown as bold fonts. Table 5 displays the rotated loading of each variable
to each component. A rule of thumb is that loadings higher than 0.70 are considered excellent, between
0.55 and 0.7 are good, between 0.45 and 0.54 are fair, and lower than 0.45 are poor [50]. The first
component has strong positive loadings (all higher than 0.8) on four POI variables: dining service, food
markets, shopping stores and daily services. The first component is “amenity attractions”. With high
positive loadings on housing density (0.967), population density (0.966), and crime density (0.686) the
second component characterizes the “urbanization status”. The third component has strong positive
loadings on “transportation connectivity”, with intersection density (0.901), bus stops density (0.880)
and street density (0.753). The fourth component has strong positive loadings on land use mix (0.807),
which can be interpreted as “land use diversity”. In addition, the correlation coefficient matrix in
Figure 3 also supports the grouping of these variables in different components. Variables of amenity
attraction have significant positive relationships with each other, with correlation coefficients ranging
from 0.484 to 0.799. The two variables of urbanization density, i.e., housing density and population
density, highly correlate to each other (with a correlation coefficient of 0.725). The three transportation
variables, i.e., street intersections, intersection density and bus stops density, also correlate to each
other with correlation coefficients ranging from 0.363 to 0.812. Nevertheless, the relationships between
elevation/slope and other variables are not very strong, indicating that elevation might not have a great
impact on walkability in this study area.
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Table 4. Eigenvalues and variances (components with an eigenvalue greater than one are bold).
Initial Eigenvalues

Component
1
2
3
4
5
6
7
8
9
10
11

Total

% of Variance

Cumulative %

4.091
2.331
1.403
1.118
0.649
0.447
0.351
0.242
0.2
0.114
0.053

37.187
21.195
12.759
10.16
5.904
4.065
3.191
2.199
1.822
1.034
0.485

37.187
58.382
71.141
81.301
87.205
91.269
94.46
96.659
98.481
99.515
100

Table 5. Rotated loading matrix
Components

Variables
Dining service
Food markets
Shopping stores
Daily services
Intersection density
Street density
Bus stops
Land use mix
Crime Density
Housing density
Population density

1

2

3

4

0.904
0.811
0.842
0.879
0.196
0.076
0.293
−0.01
0.027
0.037
0.041

0.086
0.028
−0.015
0.038
0.07
0.291
0.115
−0.173
0.768
0.967
0.966

0.262
0.359
−0.015
0.134
0.901
0.753
0.88
−0.168
0.274
0.084
0.081

0.037
−0.008
−0.002
0.069
0.153
0.302
0.069
0.807
0.301
0.105
0.097
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4.2. Results of Comparative Analysis
Visual comparison and correlation analysis were used to evaluate the performance of the
synthetic walkability index. For illustration purposes, the values of synthetic walkability index of all
addresses in each block were averaged. A map showing this new index at the block level was created
to display the patterns in the Greater Binghamton Area (see Figure 4). The overall map at the base of
Figure 4 shows that most areas of this study area have a relatively low level of walkability (shown as
light green). It can be observed that the blocks with a high value of synthetic walkability index were
concentrated in the urban center of each of the three cities. As the distances to urban centers increase,
the index values substantially decrease. Most suburban areas have a low index value, which indicates
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4.2. Results of Comparative Analysis
Visual comparison and correlation analysis were used to evaluate the performance of the synthetic
walkability index. For illustration purposes, the values of synthetic walkability index of all addresses in
each block were averaged. A map showing this new index at the block level was created to display the
patterns in the Greater Binghamton Area (see Figure 4). The overall map at the base of Figure 4 shows
that most areas of this study area have a relatively low level of walkability (shown as light green).
It can be observed that the blocks with a high value of synthetic walkability index were concentrated
in the urban center of each of the three cities. As the distances to urban centers increase, the index
values substantially decrease. Most suburban areas have a low index value, which indicates that such
areas are highly car-dependent. The three detailed inset maps show that the downtown Binghamton,
the Central West Endicott and the Southside Riverview Endicott were all highly walkable. In the
inset map on the right, the areas in downtown Binghamton tend to be the most walkable area of
this region (with the highest values shown as dark green). As the commercial and political center of
Broome County, downtown Binghamton is occupied by a large number of restaurants, hotels, shopping
stores and government services. In addition, the Greater Binghamton Transportation Center and
Binghamton City School District are also located in downtown. As such, it is not surprising that
downtown Binghamton is highly walkable. In Johnson City (see the upper right inset in Figure 4),
the blocks around the neighboring Oakdale Mall and the UHS Medical Center display a moderate
level of walkability. There are also numerous food markets and shopping stores located around these
two amenities. Walkability was affected by the highways (as shown in Figure 1) which cut across the
Johnson City somewhat reduced the pedestrian connectivity. In downtown Endicott (see the upper
left inset in Figure 4), since many small businesses and daily services are located around the Central
West Endicott, Southside Riverview Endicott, the synthetic walkability index is also high in these areas
along
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relationships between these two indicators, the synthetic walkability index was plotted against Walk
Score. In addition to Figure 5, the distribution of this index is also created and shown in Figure 6.
Overall, about 25% of blocks are highly walkable with a walkability index greater than 70, while the

Figure 4. Spatial pattern of synthetic walkability index of the Greater Binghamton Area (showing the
mean value at the block level, for illustration purposes only).
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Figure 5 illustrates the spatial pattern of the 500 random sampled of individual locations (in
contrast to the block level) of both the proposed index and Walk Score in Binghamton. Visual
comparison
comparison finds
finds that
that the
theoverall
overall distribution
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Figure 6. The distributions of synthetic walkability index (blue) and Walk Score (orange) with the
same random samples in Binghamton.
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Figure 7. Scatterplot of synthetic walkability index against Walk Score using 500 random samples at
individual
in the
study area.
Figure 7. location
Scatterplot
of synthetic
walkability index against Walk Score using 500 random samples at

individual location in the study area.

5. Discussion

5. Discussion
By developing a computational framework and a new walkability metric, the contributions of this
research include: (1) The provision of an explicit mechanism for walkability measurement comparable
By developing a computational framework and a new walkability metric, the contributions of
with existing indicator, (2) the data-driven nature for adaptive determination of weights from open
this research include: (1) The provision of an explicit mechanism for walkability measurement
data, and (3) the extension of a topical research area in the literature.
5.1. Further Comparisons with Existing Indicator
Despite the comparable results and high correlation between the synthetic walkability index and
Walk Score, it can be clearly observed in Figure 7 (as highlighted with the orange boxes and arrows)
that Walk Score tends to stop responding at locations with relatively high walkability (e.g., it does not
go beyond a score of 80), where the synthetic walkability index remains responding. This may suggest
a higher sensitivity of the proposed synthetic walkability index than Walk Score in our study area.
Also, by examining the scatterplot in Figure 7 together with the distributions in Figure 6, Walk Score
seems to slightly underestimate most of the locations in our study area, while the synthetic walkability
index, on the contrary, appears to match our local knowledge that three urban cores of this area should
be associated with a relatively high walkability value. In New York State, depopulation occurred in a
range of cities of the state’s regions, including the New York City metropolitan region and Upstate
New York communities. The impacts are striking in many ways, including differential reinvestments
by both public and private sectors. This realization led to Governor Cuomo’s recognition that Upstate
communities lagged behind Downstate communities, and a State policy was needed to address the
differential. A New York Upstate Revitalization Strategy involved a competition for financial awards
exclusively for the Upstate area. The grand prize involved an award of $500 million for revitalization
of a single region. That award was made to the Southern Region of New York, which includes Broome
County and the Triple Cities. The Southern Tier Regional Development Council created the regional
development project. One of the most important goals involved a strategy for creating three innovation
districts (or iDistricts), one in each of the Triple Cities, with the intention of redevelopment of the old
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urban core by “Placemaking” and “Downtown Revitalization”. This meant locating in the areas in
and near the old central business districts (CBD) and their nearby surrounding neighborhoods that
had been hard hit by the depopulation that had suffered from the concomitant negatives expressed
by the indicators previously noted in Table 1. The literature has increasingly paid attention to the
differential spatial impacts within cities, small and large [62,63]. Some neighborhoods within the city
suffered more from the forces associated with depopulation and job losses than others. Certainly,
these include neighborhoods in old industrial and near-CBD areas. The Council defined the three
iDistricts and the newly defined iDistricts contain such neighborhoods. The revitalization plan focuses
on the attracting innovative businesses and an innovative anchor that drives the attraction of new
business and employment to the area. Binghamton University provides an anchor for each of the
iDistricts and became the driver of redevelopment based on its professional schools. This observation
from comparisons in Figures 6 and 7 suggests that the performance of Walk Score may be adequate
in cities with high population density, but might need further improvements and adjustments in
areas with a small population [52], such as the shrinking metropolitan area in this research. In areas
with very different social and economic structures, fewer neighborhood amenities can be derived, the
primary inputs to calculate Walk Score, which might lead to a less satisfactory estimate in such areas.
Alternatively, the synthetic walkability index does not rely heavily on amenity, but also considers the
impacts of other relevant factors, such as population density, crime, and land use mix.
In addition, the proposed framework provides an explicit mechanism for walkability measurement.
This is done by scrapping online open data followed by data cleaning and data mining processing
steps. Its mechanism is relatively simple and straightforward for calculation, especially nowadays the
amenity and socioeconomic records become more and more readily available online. Comparatively,
some existing walkability metrics tend to have a black-box mechanism. For example, Walk Score is
calculated based on the distance from the target location to the closest surrounding amenities by using
a distance decay function [7,52]. The details of its complete algorithm, however, remain implicit to
the public. Although an application program interface (API) is provided for data retrieval, it only
allows limited daily requests. Accordingly, it is less likely to obtain data for a large area (e.g., at the city
level, or an even larger geographic coverage). Moreover, Walk Score only supports four countries of
the world at the time when this research was conducted, i.e., the U.S., Canada, Australia, and New
Zealand. When walkability quantification is, i.e., in great need in certain cities in countries where
there is no immediately available walkability measures (e.g., Walk Score), it is practical for researchers
to calculate the synthetic walkability index based on the proposed framework, and to provide such
information to local officials in support of urban planning and health practices in these regions.
5.2. The Data-Driven Nature of this Framework
Compared with previous studies in the literature, another advantage of this proposed framework
is the data driven nature to handle geospatial big data. This framework is designed to use a large
amount of relevant variables to cover different dimensions of urban built environment related to
walkability. When a variable is not available for walkability quantification in a certain case, this aspect
that this variable describes may be still characterized by the major component when numerous variables
(and some may be highly correlated with each other) are used as inputs of PCA, as illustrated in this
research. In contrast, missing a variable may prevent the calculation when using traditional methods
and existing metrics. Admittedly, although PCA is a powerful statistical method, the understanding of
what the factor is (or what the factor describes) is left to the researcher.
Moreover, the weight of each component is adaptively determined based on this proposed
framework. This is done by using the variance derived from PCA as the weights for synthesizing
the index. Comparatively, weights are determined in two ways in existing studies. The first is the
usage of equal weights, which, for example, is used for Walk Score [52]. It is based on an assumption
of equal importance of different categories of amenities. This may not adequately characterize the
reality due to their considerably different impacts on walking. The second limitation is the subjective
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assignment of weights, which heavily relies on researchers’ local knowledge. Especially when studying
different cities with different social structures and economic status, it may be very difficult to decide
the appropriate weights in different study areas manually. Therefore, this framework helps adaptively
determine weights of variables from online open datasets which characterize the varying impacts of
different aspects of walkability.
5.3. Extension of Topical Study Areas and Future Studies
This study extends the research topical areas in the literature. A variety of metropolitan
areas have been investigated in previous walkability studies. Examples include New York
City [36], Atlanta [34,37,38], Los Angeles [39], Seattle [19,40], Portland [41], Indianapolis [42],
San Francisco [33,43,44], San Diego [45,54,56], Gainesville [46], Minneapolis–St. Paul [47], and Adelaide,
Australia [35]. Unlike existing studies using cities with a large population, our study focuses on a
metropolitan area with three typical small shrinking cities in the northeastern U.S. with a smaller
population and high obesity prevalence. Population size differences are one issue, and depopulation
hits harder on cities with a small population. Due to the relatively low socioeconomic status in many
small shrinking cities in the U.S. and other countries, the research outcomes from this study could
provide guidance for quantifying walkability in a data-driven manner in these post-industrial cities.
In future studies, we will further improve the proposed framework on the following three aspects.
First, we will extend this framework with more geospatial big data by implementing automated
extraction of multiple open sources, for example, subjective user generated contents [64], including
online review and social media. Second, we will test this framework in different cities of the world
where the urban designs and structures substantially vary from the U.S. cities. It is challenging to access
and determine the availability and compatibility of open sourced data in differing cities, especially
when scrapping online contents written in different languages. Third, in terms of clustering POIs, it is
worth trying to use the general categories provided by the websites, such as “Trip Advisor”, so as to be
easier to polarize the detailed groups of POIs.
6. Conclusions
A computational framework for walkability measurement is proposed in this research. Three major
steps of this framework include web scrapping of publicly available online data, determining varying
weights of variables, and generating a synthetic walkability index. This method was implemented in
the Greater Binghamton Area in upstate New York, and the result was compared with the existing
walkability metric. The results of this research suggest three major conclusions. First, the proposed
data-driven framework provides an explicit mechanism with geospatial big data. Specifically, relevant
variables of built environment can be derived from extracted online contents, and their varying weights
can be adaptively determined. Second, the synthetic walkability index based on this framework is
comparable to the Walk Score, and it even tends to have a slightly higher sensitivity than its counterpart
from comparisons. Third, this framework was effectively applied in a U.S. shrinking metropolitan
area, which extends the topical area in the walkability literature. It indicates that this approach has the
potential to quantify walkability in any city, especially cities with small population where walkability
has rarely been quantified and studied. Urban planning strategies, such as land development, street
density, and public transit, will indirectly affect urban inhabitants’ physical activity and obesity.
The proposed framework, as well as the synthetic walkability index, provides a general, explicit, and
comprehensive method to capture different aspects of the walking environment in a city. For areas that
have rare walkability studies, researchers can calculate the synthetic walkability index based on the
proposed framework, to assist urban planners, community leaders, health officials, and policymakers
in their practices to improve the walking environment of their communities. Examples include making
new re-development plans and policies in order to improve the public health of urban inhabitants.
Despite the aforementioned strengths, future studies with this data-driven method are warranted in
different cities outside the U.S. for a more comprehensive understanding of the proposed framework.
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