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Walkability  analyses  have  gained  increased  attention  for  economic,
environmental and health reasons, but the methods for assessing walka-
bility  have  yet  to  be  broadly  evaluated.  In  this  paper,  five  methods  for
calculating  walkability  scores  are  described:  in-radius,  circle  buffers,
road network node buffers, road network edge buffers and a fully inte-
grated  network  approach.  Unweighted  and  various  weighted  versions
are  analyzed  to  capture  levels  of  preference  for  walking  longer  dis-
tances.  The  methods  are  evaluated  via  an  application  to  train  stations
in  central  Tokyo  in  terms  of  accuracy,  similarity  and  algorithm  perfor-
mance.  The  fully  integrated  network  method  produces  the  most  accu-
rate  results  in  the  shortest  amount  of  processing  time,  but  requires  a
large  upfront  investment  of  time  and  resources.  The  circle  buffer
method  runs  a  bit  slower,  but  does  not  require  any  network  informa-
tion  and  when  properly  weighted  yields  walkability  scores  very  similar
to the integrated network approach. 

Keywords: walkability,  accessibility,  transportation networks, 
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Introduction1.

Walkability,  the  ability  to  access  area  resources  by  foot,  has  recently
gained  increased  attention  for  economic,  environmental  and  health
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reasons.  More  broadly,  the  term  “accessibility”  is  an  umbrella
concept  that  includes  any  assessment  of  the  ability  to  reach/use  sur-
rounding  resources.  The  resources  could  be  jobs,  other  people,
healthy  food,  entertainment  or  parks,  and  each  leads  to  a  distinct
notion  of  accessibility  [1–3].  Early  development  of  accessibility
research  focused  on  efficiency  and  energy  consumption  [4],  while
recent  research  has  focused  more  on  personalized  metrics.  For  exam-
ple,  Quercia  et  al.  [5]  identifies  the  paths  between  points  in  London
that  are  more  beautiful,  quiet  and  happy.  Using  data  about  slopes,
steps,  ramps,  elevators  and  so  on,  we  can  determine  how  well  people
with  specific  disabilities  can  access  a  location  as  well.  All  of  these
count as accessibility scoring, and in this paper,  we refer to accessibil-
ity via walking as “walkability.”

This paper is, as the title indicates, focused on comparing method-
ologies for measuring walkability rather than on the specific  walkabil-
ity  scores  obtained.  We  compare  five  alternative  methods  based  on
their accuracy,  similarity and runtime performance. Using walkability
scoring  of  train  and  subway  stations  in  central  Tokyo  as  an  example
application,  we  evaluate  differences  among  the  methods  and  among
different  weighting  schemes.  Although  there  is  no  ground  truth  for
the  true  walkability  against  which  to  compare,  we  assess  the  relative
merits  and  downsides  of  each  method  and  the  degree  to  which  they
match known features within central Tokyo.  

Despite  an  increased  attention  to  accessibility  (and  walkability
scores  in  particular),  there  has  been  little  comparative  analysis  of
accessibility  methods  or  measures.  One  often-used  measure  of  walka-
bility in particular is Walk Score [6], which is focused on North Amer-
ica but partially validated for Japan by [7]. That  measure’s  details are
not  public,  so  we  cannot  exactly  reproduce  them  for  comparison;
however,  one  of  the  methods  we  do  compare  uses  the  same  apparent
general approach. The  Walkability  Index of [8] uses a uniform buffer
on  the  edges  of  a  fine-grained  network,  which  matches  a  different
method  compared  here,  but  includes  other  considerations  (such  as
diversity of establishments) that we do not yet consider.  No available
method  leverages  a  fully  integrated  network  approach  as  we  do  here,
nor  do  any  methods  discount  the  contribution  of  establishments  that
are  farther  away  to  better  capture  people’s  preferences  for  shorter
walking times/distances. This  work aims to fill  in this methodological
gap by establishing a baseline comparison of these five classes of meth-
ods:  distance-based,  circle  buffers,  road  network  node  buffers,  road
network edge buffers and a fully integrated network approach. 

We find that the results of all the methods are similar in their distri-
butions of walk scores, but there are important (albeit nuanced) differ-
ences that favor some methods over others depending on the context.
The  fully  integrated  network  runs  the  fastest  and  provides  the  most

540 A. Bramson, K. Okamoto and M. Hori

Complex Systems, 30 © 2021



accurate  assessments  of  walkability,  but  requires  a  large  upfront
investment  in  collecting  and  integrating  various  kinds  of  data.  The
simplistic  circle  buffer  method  performs  better  than  any  other
distance-  or  buffer-based  method,  and  when  properly  weighted  yields
walkability  assessments  extremely  close  to  the  most  sophisticated
method. 

The walkability scores here are determined based on the number of
stores  of  a  wide  variety  of  types,  but  in  some  cases  it  is  not  the  mere
number that is important, nor are all types of stores equally relevant.
Whatever  refinements  one  wishes  to  make,  and  we  briefly  discuss
some  in  Section  5,  the  relative  merits  revealed  through  this  analysis
apply.  The  specific  quantitative  results  presented  here  are  certainly
particular  to  the  dense  road,  store  and  station  conditions  of  central
Tokyo,  but  the  methods  themselves  and  our  approach  to  evaluating
them can be replicated and compared across the globe. 

Integrating Network and Point Data 2.

Walking Network Data 2.1

Our base network data is the “road”  network from Open Street Map
(OSM)  [9].  Although  ostensibly  a  network  of  “highways,”  these
highways  include  pedestrian-only  footpaths,  tunnels,  occasional  sta-
tion/store interiors and others. Roads where walking is marked as pro-
hibited  (such  as  expressways)  are  removed.  We  refer  to  this  as  the
“road  network”  (even  as  we  integrate  other  components  into  it)  or
the “walking  network” interchangeably.  This  network includes highly
redundant  information  for  our  purposes;  for  example,  where  side-
walks  are  marked,  we  do  not  also  need  the  road  alongside  those
sidewalks.  Ideally  we  would  use  footpath  network  data  that  includes
sidewalks,  pedestrian  bridges,  multi-use  paths  and  greenways,  and
only  those  roads  for  which  sidewalks  or  walking  areas  are  not
marked  [10].  Unfortunately  such  data  is  not  reliably  available  for
Tokyo  at  present,  and  the  OSM  data  is  highly  irregular  in  its  inclu-
sion of sidewalks and footpaths.

Train  Station Data 2.2

Because our analysis focuses on train stations, we incorporate the loca-
tions  of  railway,  subway  and  streetcar  stations  using  [11]  for  the  sta-
tion and line names and merge this with the station nodes from OSM
[9]  to  get  accurate  locations  for  the  600  stations  within  central
Tokyo.  Stations  for  different  lines  that  share  the  same  name  are  cap-
tured  as  separate  stations.  Because  our  store  data  only  covers  central
Tokyo,  stations near the boundary of this area may have their walka-
bility  scores  unduly  lowered  when  the  walkable  area  extends  beyond
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our store data range. To  keep the analysis fair,  we exclude the 41 sta-
tions  located  within  1500m  of  the  boundary  of  the  surrounding
region, but keep stations near the coast.

Station Exit Data 2.3

We  also collect the nodes for subway and train station entrances/exits
from OSM, which we refer to as “exit  nodes.”  Sometimes these nodes
are  already  integrated  road  nodes  in  the  OSM  data,  so  we  simply
reclassify them as exit nodes. In some cases, an exit node is connected
to some road edges (e.g., stairs or a footpath), but then that network
segment is not connected to the main road network. In these cases, we
connect  the  closest  pair  of  nodes  in  the  exit’s  component  and  the
main  road  component.  Finally,  in  many  cases,  these  exit  nodes  are
disconnected from the road network completely; in these cases we con-
nect the exit node to the closest point on the closest road edge, gener-
ating a new road node at that location and splitting the original edge
to integrate the new connection point.

Exit  nodes  in  the  OSM  data  typically  do  not  specify  for  which
station  they  are  an  exit.  Simply  connecting  each  entrance  node  to  its
nearest  station  node  would  suffice  in  most  cases,  but  for  some  large
surface train stations, doing so leaves them with no exits on one side.
Furthermore,  in  areas  of  dense  train  access,  a  single  exit  can  service
several distinct stations and connect to even more via extensive tunnel
systems.  For  both  these  reasons,  we  chose  to  connect  each  exit  node
to  all  station  nodes  within  200m,  or  to  the  closest  station  node  if
there are none within 200m. 

Store Data 2.4

Our  store  data  comes  from  NTT  Townpage  [12],  a  private  data  ser-
vice  that  provides  lists  of  stores  and  other  entities  by  category  based
on phone numbers. For the current demonstration, we limit our analy-
sis to within Tokyo’s  23 Wards  (central Tokyo)  and to establishments
within  selected  categories.  There  are  a  total  91 798  establishments
within  this  area,  partitioned  into  the  following  categories:  amuse-
ment,  sport,  travel,  religion,  cafe,  supermarket,  laundry,  concern,
cram school, variety store, spa, hotel, hobby,  convenience store, nurs-
ery school, public bath, clinic, shopping, bar,  general hospital, eatery,
sport  shop  and  drugstore.  For  simplicity,  we  refer  to  all  these  estab-
lishments  as  “stores.”  Stores  sharing  the  same  location  (i.e.,  in  the
same building) are stored in a single row/node using lists to track the
individual store information, which we refer to as “store  nodes” even
when they are not integrated into the network. There are 60 076 store
nodes for the 91 798 individual stores.

Store nodes are integrated into the network in the same manner as
disconnected  station  exits:  (1)  we  identify  the  closest  point  on  the
closest  road  network  edge  to  the  store  (which  may  be  a  node);
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(2)  create  a  new  road  node  at  the  connection  point  (if  not  already  a
node); (3) split the original edge to integrate the new connection point
onto that road edge; and (4) integrate the store with the road network
by  creating  a  “store  access  edge”  between  it  and  the  connection
point’s  node.  Although  this  approach  may  not  be  entirely  accurate
(e.g., connecting a store to a side alley instead of the main road where
its entrance is actually located), it is far superior in walk time and rep-
resentative  accuracy  than  connecting  stores  to  their  nearest  existing
road node. 

Further Network Details 2.5

Our analyses use two versions of the network: with and without inte-
grated stores. The integrated stores are only necessary for the pure net-
work traversal-based method, but clearly integrating the stores adds a
large  number  of  nodes  and  edges  that  need  not  be  touched  by  the
buffer-based  methods.  The  integrated  network  including  stores  has
839 672  nodes  and  1 003 892  edges,  while  the  network  without  them
has 730 916 nodes and 893311 edges.

The  lengths  of  all  edges  are  calculated  in  meters  using  Euclidean
distance  on  the  nodes’  longitude  and  latitude  coordinates  converted
into a distance-preserving coordinate reference system (CRS)  centered
on  Tokyo  Station  (specifically,  +projeqc  +lat_0  35.6825  +lon_0
139.7671  +unitsm).  The  traversal  time  is  calculated  using  a  uniform
walking speed of 4.8 kph (80 meters per minute). 

Note that the station and exit data are only necessary here because
we use the stations as the focal points of our walkability scoring. We
chose  train  stations  because  their  locations  are  publicly  available  and
the Tokyo  urban area is highly train-centric: half of all transportation
uses  the  rail  system  and  urban  development  is  planned  around  sta-
tions [13, 14]. Considering this, it is natural to focus on train stations
to assess and compare walkability.  

Methods 3.

The methods for collecting and combining our data into an integrated
network  are  described  in  the  previous  section.  Here  we  describe  our
methods  for  analyzing  the  walkability  of  the  stations  using  that
network.

Weighting the Store Contributions 3.1

We  calculate  the  walkability  score  of  a  station  as  the  time-weighted
total  number  of  stores  reachable  from  that  station.  Each  store  node  j

has mj ≥ 1 stores located there. The contribution ωj  of store node j to
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the  walkability  of  station  node  i  is  discounted  using  a  cosine-based
function  (equation  (1))  that  reaches  zero  at  T.  We  chose  this  func-
tional form because it allows us to control the willingness to walk via
the λ parameter to emulate objectively measured moderate and vigor-
ous physical activity (MVPA) data by age cohort [4, 15]

ωj 

mj

2
1 + cos

πtij
λ

Tλ
. (1)

Lower  λ  values  correspond  to  those  who  prefer  shorter  distances
while  larger  λ  values  delay  the  reduction  in  score  contribution.  Obvi-
ously,  the cosine function rebounds after T, so we prune t > T. Using
a  threshold  of  T  15  (and  t  in  minutes),  the  resulting  weight  across
time  for  the  three  values  of  λ  used  here  are  shown  in  Figure  1.  The
threshold  parameter  T  need  not  be  time:  we  use  the  same  functional
form  with  T  1200  and  t  in  meters  to  scale  the  scores  for  the  dis-
tance-based  methods.  Further  adjustments  to  T  and  λ,  or  alternative
functional forms, could capture other means of transportation.

Figure 1. A  plot  of  the  function  for  discounting  the  number  of  reachable

establishments  by  the  time  needed  to  reach  them  using  T  15.  Distance-

based  methods  use  T  1200  to  scale  distance  instead  of  time.  Higher  λ  val-
ues delay the score reduction.

Note that the λ parameter is adjusted to reflect  preferences in how
far  away  something  can  be  to  be  considered  walkable.  This  could  be
used  to  capture  differences  in  mobility  (such  as  the  elderly,  people
with  luggage  or  baby  carriages,  etc.),  but  that  is  better  accounted  for
by  changing  the  traversal  speed.  In  [16]  it  is  shown  that  decreasing
the λ parameter has the effect of giving higher scores to stations with
stores  clustered  around  the  station  rather  than  sprawling  around  it,
and gives an advantage to subway over surface stations because more
stores can be located literally on top of the station (although note that
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some  surface  train  stations  also  have  department  stores  built  directly
above them). 

Distances Only3.2

The  simplest  method  is  to  calculate  the  distance  from  each  station  to
each  of  the  store  nodes.  Then  the  walkability  score  of  a  station  uses
the store information of all store nodes within a given threshold (here
1200m).  This  method  does  not  require  any  network  information  at
all,  and  there  are  many  highly  optimized  algorithms  for  calculating
distances.  Distances  cannot  be  reliably  calculated  directly  from  stan-
dard  latitude  and  longitude  coordinates;  they  must  first  be  converted
to a distance-preserving CRS, as discussed in Section 2.5. 

Circle Buffers3.3

Only  slightly  more  sophisticated  than  the  distance  method,  this
method  first  creates  a  1200m  radius  circular  buffer  around  each  sta-
tion,  then  filters  the  stores  to  within  that  buffer.  For  an  unweighted
walkability  assessment,  this  method  essentially  trades  the  distance
calculations  of  every  store  to  each  station  for  a  polygon  intersection
calculation.  For  weighted  assessments  (where  the  distance  is  needed
anyway),  this  method  reduces  the  number  of  distance  calculations
that  need  to  be  made  to  only  those  within  the  1200m  radius  at  the
expense  of  the  polygon  intersection  determination.  Note  that  neither
the circle nor the distance method requires the road network.

Node Buffers3.4

The  circle  buffer  uses  a  single  large  buffer  centered  at  the  station  to
capture  surrounding  stores,  and  the  node  buffer  method  refines  that
idea by identifying the reachable road nodes and then buffering them
by a smaller amount. This  method therefore more closely matches the
walkable  area  while  still  being  simple  to  implement  and  fast  to
calculate.

The largest risk in using node buffers is that stores located near the
middle  of  long  edges  are  going  to  be  missed.  This  risk  can  be  attenu-
ated  by  using  a  large  buffer  and  by  filling  in  gaps  (areas  fully  sur-
rounded  by  reachable  areas  but  not  within  any  node’s  buffer).  To
construct a node-buffered walkable area for a station, we run the sin-
gle-source Dijkstra’s  algorithm from the station node with a threshold
of  15  minutes.  This  returns  the  time  to  all  nodes  in  the  network  that
are  reachable  within  that  time  threshold.  For  each  road  node  in  the
set  of  reachable  nodes,  we  add  a  buffer  of  the  appropriate  size  to  its
geometry  projected  onto  the  distance-preserving  CRS  discussed  in

Section 2. The size of the node buffers bN  is set at 160m for all nodes

within  13  minutes  of  the  station,  then  the  size  linearly  decreases  to
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zero over the last two minutes using the conditional equation (2): 

bN(i) 

160, if ti ≤ 13

160 - 80ti - 13, if 13 < ti ≤ 15

0, otherwise.

(2)

The  individual  node  buffers  are  then  merged  into  a  single  geometry
object,  the  external  boundary  of  that  geometry  is  extracted  to  fill  in
any  holes,  and  then  the  geometry  object  is  re-projected  back  to  stan-
dard lat/lon coordinates.

The  set  of  walkable  stores  is  determined  by  finding  which  store
nodes intersect the merged node buffer polygon. Although  the traver-
sal  time  is  used  to  determine  the  node  buffer  size,  the  final  node
buffers lose their traversal time information when merged. In order to
weigh  a  store  node’s  contributions  to  walkability,  we  need  to  use  the
Euclidean  distance  between  the  station  and  the  store  node.  This  can
only  overestimate  the  contribution  of  a  store  node  because  the  actual
walking time/distance is always greater than the straight-line distance.
Figure 2 shows the node buffer of one example station. Note that the
buffer  (light  blue)  extends  beyond  the  traversed  network  (dark  blue)
at  the  periphery  because  an  edge  is  only  included  when  both  end-
points are within 15 minutes. 

The  Walk  Score  web  application  [6]  appears  to  use  a  node-buffer-
ing  method  along  these  lines;  however,  it  only  traverses  major  roads
and  does  not  fill  in  holes  in  the  merged  polygon,  resulting  in  many
reachable  stores  dropping  through  the  gaps.  Perhaps  these  choices
were  made  to  speed  up  the  response  time.  We  also  developed  an
alternative version of the node buffer method that identified  stores in
the buffer of each node instead of merging the buffers so that accurate
walking  times  could  be  determined,  but  it  was  prohibitively  slow
to run. 

Edge Buffers3.5

As already mentioned, the drawback of using node buffers is that if a
road  segment  is  too  long,  then  stores  located  near  the  middle  of  the
edge  are  going  to  be  missed.  To  prevent  this  issue,  a  buffer  can  be
added to the edges rather than the nodes, as seems to be done by [8].
In this way,  a smaller buffer size can be used, because there is a limit
to  how  far  away  a  store  can  be  from  the  road  used  to  access  it.  For
our  application,  we  chose  a  uniform  edge  buffer  of  80m  (equivalent
to  1  minute)  in  light  of  the  facts  that  the  mean  store  access  link
(which connects a store to the closest point on the closest edge) length
in  our  region  is  15.5m,  and  there  are  only  116  (out  of  60 076)  with
lengths  greater  than  80m.  To  construct  an  edge-buffered  walkable
area  for  a  station,  we  again  take  the  results  of  Dijkstra’s  algorithm,
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but we get the road nodes reachable from a station within 14 minutes
(not 15, because the 80m buffer adds 1 minute). We  then create a sub-
graph  of  the  network  using  all  the  nodes  visited,  which  also  includes
the  edges  connecting  them.  Then  for  each  edge,  we  apply  the  80m
buffer to its geometry projected onto the distance-preserving CRS  dis-
cussed in Section 2. The individual edge buffers are merged into a sin-
gle  geometry  object,  the  external  boundary  of  that  geometry  is
extracted  to  fill  in  any  holes  within  the  walkable  area,  and  then  the
geometry object is re-projected back to standard lat/lon coordinates. 

Figure 2. Area  covered  by  the  node  buffers  (light  blue)  starting  from  Ginza
Station  for  Marunouchi  Line  (purple  dot).  The  1200m  radius  circle  buffer  is
marked as a gray circle and the gold dots represent store nodes [9, 17, 18].

The  reachable  stores  are  those  with  point  geometries  that  intersect
the  merged  edge  buffer  geometry  object.  Like  with  the  node  buffers,
the  edge  buffers  composed  in  this  way  lose  their  traversal-time
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information. In order to weigh a store node’s  contributions to walka-
bility,  we again resort to using the Euclidean distance between the sta-
tion  and  the  store  node.  Figure  3  shows  the  edge  buffer  (light  blue)
for  one  example  station  along  with  the  edges  traversed  by  the  net-
work  traversal  method  described  below  (dark  blue)  and  the  1200m
radius circle buffer (gray). 

Figure 3. Area  covered  by  the  edge  buffers  (light  blue)  starting  from  Ginza
Station  for  Marunouchi  Line  (purple  dot).  The  1200m  radius  circle  buffer  is
marked as a gray circle and the gold dots represent store nodes [9, 17, 18].

Just  to  be  clear,  although  Figures 2  and  3  include  the  stores  and
store  access  edges  (because  the  network  traversal  result  is  overlaid),
these  features  are  not  used  to  create  buffers.  Only  road  nodes  and
road  edges  are  used  to  make  node  and  edge  buffers.  The  decision  to
use  the  external  boundary  to  fill  in  holes  allows  us  to  use  a  smaller
buffer and still capture stores in large blocks as long as the block can
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be  circumnavigated  within  15  minutes.  This  will  also  fill  in  unreach-
able  areas  (such  as  lakes  and  rivers  between  bridges),  but  because
there are no stores in such places, it does not bias the results. 

Network Traversals  3.6

Both node and edge buffer methods use Dijkstra’s  breadth-first  search
algorithm  on  the  road  network  to  determine  the  extent  of  the  walka-
ble  zone,  but  once  the  store  nodes  are  themselves  integrated  into  the
network  as  described  in  Section  2.4,  Dijkstra’s  algorithm  directly
returns the walking time to each store. Then,  we only need to use the
walking  time  (or  distance)  and  the  number  of  stores  in  each  visited
node to determine that store node’s  contribution to walkability as per
Section  3.1.  No  additional  distance  or  polygon  intersection  calcula-
tions  are  required.  One  example  of  a  traversed  network  is  shown  in
both Figures 2 and 3 as the dark blue edges, and in this case the edges
connecting  the  roads  to  the  stores  (gold  dots)  are  included  as  part  of
the network.

Unlike  buffer  creation,  store  integration  is  not  done  during  the
analysis,  but  is  rather  handled  as  part  of  the  network  creation  from
OSM  data  using  a  highly  optimized  parallel  processing  workflow.
This step is one of the heaviest parts of building the network, and this
is a cost not borne by the other methods presented here. For the sake
of  a  fair  comparison,  we  determine  the  total  time  used  by  the  store
integration  part  of  our  network  construction  algorithm  using  the
same  computer  as  the  other  analyses  and  without  multiprocessing
(5698  seconds,  roughly  10.2  seconds  per  station).  Because  areas  with
more  stores  incur  more  integration  time,  we  want  to  distribute  the
times proportionally across the stations without multiply counting the
time needed to add each store. For each station i, we first  find  its pro-

portion  of  the  total  network  traversal  runtimes  ri R,  and  then  we

add that proportion of the store integration time S to its modified run-
time r′ as shown in equation (3): 

ri
′  ri + S

ri

R
. (3)

This  essentially  amplifies  the  runtime  distribution  to  reflect  the  time
used in preprocessing.

Results 4.

Ideally  when  comparing  alternative  methods  we  have  a  ground  truth
against which to compare the accuracy of each method. In the case of
walkability  assessments,  however,  there  are  no  known  “correct”
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values. We  can and do compare the results in terms of similarity with
each other to determine the degree to which the difference among the
methods has an effect on the results. We  use the term “performance”
for  the  processing  time  required  to  calculate  the  measure,  in  which
better performance means a lower running time, and compare the per-
formances of each method.

In terms of correctness, the methods themselves lead to an a priori
difference  in  accuracy  via  the  assumptions  and  simplifications  made.
The circle buffer and distance methods do not take any account of the
paths necessary to reach stores, and so their set of included stores and
their straight-line distance-based weights are the least accurate. Node-
and edge-based buffers are similarly accurate in that they both use the
traversed  edges  to  better  approximate  the  walkable  zone,  but  they
both use straight-line distances for weighing the reachable stores’ con-
tributions.  The  network  traversal  method  is  the  most  detailed
approach;  it  uses  the  traversed  edges  to  both  determine  the  set  of
included stores and weigh them using the shortest path walking time. 

In terms of weights, there is again no correct weight to use because
changes  in  the  shape  parameter  λ  are  meant  to  capture  differences  in
preferences.  However,  there  is  a  categorical  difference  between  per-
forming an unweighted versus weighted analysis, and we first  analyze
the effect of weights on walkability scores. 

Effect of Weights  on Walkability  Scores 4.1

Previous work examining the importance of applying weights to walk-
ability  measures  [16]  concluded  that  unweighted  approaches  produce
unreasonable  walkability  scores.  For  example,  famously  dense  sec-
ondary shopping centers become ranked lower than business areas on
the periphery of the densest shopping areas. The  large surface area of
the  zone  between  10  and  15  minutes  can  include  enough  stores  to
beat out stations with many stores crowded around the station unless
some distance-weighting is applied.

Intuitively,  it  is  important  that  some  distance-  or  time-based  dis-
counting  be  applied  so  that  harder-to-reach  stores  contribute  less  to
walkability than nearby ones. Here we demonstrate the importance of
weights  by  comparing  the  ranks  of  stations  for  (1)  the  number  of
stores  in  a  1200m  radius;  (2)  each  method’s  unweighted  counts;  and
(3)  the  weighted  results  using  λ ∈ {0.5, 1, 2}.  Figure  4  shows  the
Kendall rank correlations for four methods. 

The  pattern  across  methods  is  similar:  the  unweighted  version  is
most similar to the number within the 1200m radius, and the correla-
tion decreases with increasingly sharp discounting as λ decreases. The
unweighted  circle  and  distance  methods  naturally  yield  identical
ranks,  and  the  unweighted  versions  of  the  other  methods  all  yield
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quite high rank correlations (96.3%, 95.4% and 94.7% for the node,
edge  and  network  methods,  respectively)  because  the  only  difference
is  the  exclusion  of  stores  within  1200m  but  not  reachable  within
15 minutes. 

(a) circle buffers (b) node buffers

(c) edge buffers (d) network traversal

Figure 4. Array  plots  of  the  pairwise  Kendall  τ  coefficients  of  walkability
scores across λ values for each method (distance and circle are essentially iden-
tical). The color scale is adjusted to show greater contrast.

For the circle buffer method, a moderate level of weighting (λ  1)
still  maintains  91.6%  rank  similarity.  This  is  slightly  higher  than  the
node and edge buffer methods that have 89.7% and 89.2% rank simi-
larities, respectively,  for the same λ value. The  rank correlation of the
unweighted in-radius results with the network traversal method is still
rather  high  at  80.3%,  but  this  is  low  enough  to  indicate  the
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importance  of  the  weighting.  Of  course  the  scores  of  the  stations
decrease when we apply weights, but more than that, the rankings of
which stations are more or less walkable change appreciably when fac-
toring in stores that are farther away.  

For  those  familiar  with  the  Tokyo  area,  the  importance  of  these
weights is readily understandable from the lists of top 20 walkable sta-
tions  produced  by  the  network  traversal  method  in  Table  1.  Recall
from  Section  2.2  that  stations  are  differentiated  by  line,  so  multiple
appearances  of  “Ginza”  on  the  list  indicate  distinct  (but  usually  very
close)  stations  sharing  that  name.  The  appearance  of  Ginza,  Yuraku-
cho  and  Shimbashi  in  the  top  20  is  expected  because  these  areas  are
famous  for  their  large  number  of  commercial  shopping  and  eating
establishments  packed  into  dense  blocks.  This  area  southeast  of
Tokyo  station  (see  the  map  in  Figure  6  for  reference)  is  a  sprawling
section  of  businesses  and  shops  with  very  few  residences.  The  fact
that it is a wide area with many stores spread across it means that for
the  unweighted  measures,  stations  at  the  periphery  (e.g.,  Hibiya,
Shiodome  and  Tsukijishijo)  also  get  high  scores.  Although  certainly
being  at  the  edge  of  a  major  shopping  area  is  more  walkable  than
being in the suburbs, it is unnatural for such stations to outrank other
city centers (e.g., Shinjuku, Shibuya, Ueno or Ikebukuro). 

Rank In 1200m Radius Unweighted 

1 Ginza (5245) Ginza (4181) 

2 Ginza (5226) Ginza (4150) 

3 Ginza (5087) Ginza (4003) 

4 Hibiya (4962) Higashi-Ginza (3968) 

5 Ginza-itchome (4945) Shimbashi (3963) 

6 Yurakucho (4830) Higashi-Ginza (3949) 

7 Shimbashi (4690) Shimbashi (3931) 

8 Higashi-Ginza (4678) Shimbashi (3928) 

9 Yurakucho (4665) Yurakucho (3919) 

10 Shimbashi (4665) Shimbashi (3901) 

11 Hibiya (4611) Hibiya (3755) 

12 Higashi-Ginza (4594) Yurakucho (3615) 

13 Shimbashi (4591) Hibiya (3610) 

14 Shimbashi (4550) Ginza-itchome (3605) 

15 Tokyo  (4464) Uchisaiwaicho (3554) 

16 Shiodome (4340) Shinjuku (3378) 

17 Hibiya (4320) Shiodome (3364) 

18 Tsukijishijo (4241) Shinjuku-nishiguchi (3343) 

19 Shiodome (4230) Shinjuku (3300) 

20 Uchisaiwaicho (4202) Shinjuku (3258) 

Table 1. (continues)
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Rank λ  2 λ  1 λ  0.5  

1 Ginza (2881) Ginza (1890) Shimbashi (907) 

2 Shimbashi (2782) Shimbashi (1841) Ginza (896) 

3 Ginza (2768) Shimbashi (1824) Shimbashi (878) 

4 Shimbashi (2737) Ginza (1747) Ginza (819) 

5 Ginza (2713) Ginza (1704) Shimbashi (776) 

6 Shimbashi (2595) Shimbashi (1659) Ginza (765) 

7 Shimbashi (2537) Shimbashi (1581) Shinjuku (730) 

8 Higashi-
Ginza 

(2340) Shinjuku (1521) Shimbashi (715) 

9 Shinjuku (2328) Shinjuku-
nishiguchi 

(1364) Shinjuku-
nishiguchi 

(654) 

10 Higashi-
Ginza 

(2258) Higashi-
Ginza 

(1357) Higashi-
Ginza 

(609) 

11 Yurakucho (2253) Yurakucho (1308) Higashi-
Ginza 

(583) 

12 Shinjuku-
nishiguchi 

(2134) Higashi-
Ginza 

(1303) Yurakucho (579) 

13 Shinjuku-
sanchome 

(2075) Shinjuku-
sanchome 

(1236) Ikebukuro (546) 

14 Uchisaiwaicho (2020) Shinjuku 

Keio Line 
(1164) Ikebukuro (539) 

15 Shinjuku (1965) Shinjuku-
sanchome 

(1147) Ikebukuro (538) 

16 Shinjuku-
sanchome 

(1958) Shinjuku (1144) Shinjuku-
sanchome 

(537) 

17 Shinjuku 

Keio Line 
(1910) Shinjuku (1131) Shinjuku 

Keio Line 
(531) 

18 Shinjuku (1893) Ikebukuro (1119) Ueno-
okachimachi 

(529) 

19 Shinjuku (1889) Uchisaiwaicho (1116) Ueno-hirokoji (525) 

20 Hibiya (1809) Ikebukuro (1116) Shinjuku (505) 

Table 1. Comparison of the highest-walkability stations by distance using the
network traversal method for varying λ values.

Switching  from  the  1200m  radius  to  the  unweighted  network
traversal  trims  the  furthest  region  of  the  walkable  zone,  which  is
enough  for  Shinjuku  to  appear  in  the  ranks  below  16,  but  the
weighted  results  better  reflect  our  expectations  of  walkability  rank-
ings.  There  is  a  subtle  reshuffling  as  the  λ  value  decreases,  but  the
main  effect  is  that  the  satellite  stations  of  the  biggest  shopping  area
fall off the top 20 list and main stations for the secondary city centers
climb the ranks. The main stations of Shimbashi and Ginza still main-
tain the top places, but Shinjuku and Ikebukuro make it well into the
top  20  when  λ  1.0  (and  even  Ueno  appears  at  λ  0.5).  The
difference  in  λ  means  that  if  you  want  things  immediately  available
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from  the  station  λ  0.5  then  Ueno  beats  Hibiya,  but  if  walking
7 minutes  is  no  problem  λ  2.0,  then  Hibiya  is  better  (even  though
there is very little immediately around Hibiya station). 

Walkability Score Similarity across Methods 4.2

Now  we  turn  our  attention  to  similarity  of  the  walkability  scores
across methods for each of the weight values. For the ranked stations,
the distance and circle methods yield identical results, but for 305 sta-
tions  the  distance  method  has  more  stores  (for  a  total  of  960  stores
across those 305 stations), and the circle buffer never has more. Both
of  these  measures  are  meant  to  capture  all  stores  with  a  specific
(≤1200m)  radius,  but  the  circle  buffer  misses  some  stores  at  the
periphery.  One  cause  is  that  a  circle  buffer  is  not  a  perfect  circle;
closely  examining  the  gray  circle  in  Figure  2  reveals  that  these  circle
buffers  are  actually  polygons  comprised  of  many  short  straight  lines.
The  second  cause  is  a  known  issue  when  dealing  with  polygon  inter-
sections  and  floating-point  coordinates:  points  on  the  boundary  can
be  erroneously  missed.  Although  this  has  a  minor  effect  on
unweighted  scores,  for  any  choice  of  λ  these  peripheral  stores  have  a
weight  extremely  close  to  zero.  For  this  reason  we  only  examine  the
circle buffer results here.

Figure  5  shows  the  Pearson  correlations  across  methods  for  each
weight  parameter.  When  the  stores  are  unweighted,  the  node  buffer,
edge buffer and network traversal method are extremely highly corre-
lated  because  they  all  determine  the  reachable  stores  using  Dijkstra’s
algorithm.  However,  even  the  most  different  pair  of  methods  (circle
buffer and network traversal) is still 96% correlated. This  means that
the margin of error of the most simplistic method is quite small when
compared to the most sophisticated method. 

When weighing the store contributions, the results are qualitatively
similar across values of λ. Focusing on the case of λ  1 (Figure 5(c)),
we  see  a  shift  compared  to  the  unweighted  results  to  the  circle,  node
and  edge  buffer  methods  having  nearly  identical  results,  and  the  net-
work  traversal  method  being  markedly  different.  This  shift  occurs
because while the node and edge buffers use the traversed nodes/edges
to  determine  which  stores  to  include,  they  still  use  straight-line  dis-
tances  to  determine  the  weights.  Because  the  most  distant  stores  are
the  ones  for  which  the  circle,  node  and  edge  buffer  methods  differ,
and  they  receive  the  smallest  weights,  the  weighted  results  are  nearly
indistinguishable.  Furthermore,  the  node  and  edge  buffer  methods
have a near-perfect correlation.
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(a) unweighted (b) λ = 2.0

(c) λ = 1.0 (d) λ = 0.5

Figure 5. Array plots of the pairwise Pearson correlation coefficients of walka-
bility  scores  for  each  method  using  different  λ  values.  The  color  scale  is
adjusted to show greater contrast.

Even  the  network  traversal  results  are  very  highly  correlated  with
the other results: 97.2% correlated with the circle buffer results when
λ  1.  Although  the  specific  walkability  scores  for  individual  stations
do  vary,  and  walkability  as  measured  by  the  network  traversal
method  is  always  lower  than  the  other  methods  (as  can  be  seen  in
Table  2),  the  degree  to  which  the  other  methods  overestimate  the
walkability  are  consistent  and  typically  small.  This  result  is  not  sur-
prising, at least for central Tokyo.  As Figures 2 and 3 already demon-
strated, the dense road network of this region means that the network
traversals  cover  a  nearly  circular  walkable  zone  around  each  station
and the paths have low circuity (high straightness). 
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Rank Circle Buffers Node Buffers

1 Shimbashi (2493) Shimbashi (2481) 

2 Ginza (2449) Ginza (2437) 

3 Ginza (2342) Ginza (2328) 

4 Ginza (2326) Ginza (2314) 

5 Shimbashi (2261) Shimbashi (2256) 

6 Shimbashi (2133) Shimbashi (2127) 

7 Shimbashi (2114) Shimbashi (2106) 

8 Higashi-Ginza (1947) Higashi-Ginza (1937) 

9 Shinjuku (1931) Shinjuku (1926) 

10 Higashi-Ginza (1886) Higashi-Ginza (1878) 

11 Yurakucho (1865) Yurakucho (1856) 

12 Shinjuku-sanchome (1839) Shinjuku-sanchome (1827) 

13 Uchisaiwaicho (1813) Uchisaiwaicho (1801) 

14 Shinjuku-nishiguchi (1792) Shinjuku-nishiguchi (1789) 

15 Ginza-itchome (1773) Shinjuku-sanchome (1714) 

16 Hibiya (1729) Hibiya (1712) 

17 Shinjuku-sanchome (1726) Ginza-itchome (1684) 

18 Seibu-Shinjuku (1682) Seibu-Shinjuku (1661) 

19 Shinjuku (1662) Shinjuku (1658) 

20 Shinjuku Keio Line (1633) Shinjuku Keio Line (1629) 

Rank Edge Buffers Network Traversal  

1 Shimbashi (2475) Ginza (1890) 

2 Ginza (2432) Shimbashi (1841) 

3 Ginza (2318) Shimbashi (1824) 

4 Ginza (2307) Ginza (1747) 

5 Shimbashi (2252) Ginza (1704) 

6 Shimbashi (2118) Shimbashi (1659) 

7 Shimbashi (2100) Shimbashi (1581) 

8 Higashi-Ginza (1934) Shinjuku (1521) 

9 Shinjuku (1922) Shinjuku-nishiguchi (1364) 

10 Higashi-Ginza (1874) Higashi-Ginza (1357) 

11 Yurakucho (1846) Yurakucho (1308) 

12 Shinjuku-sanchome (1820) Higashi-Ginza (1303) 

13 Uchisaiwaicho (1797) Shinjuku-sanchome (1236) 

14 Shinjuku-nishiguchi (1785) Shinjuku Keio Line (1164) 

15 Shinjuku-sanchome (1707) Shinjuku-sanchome (1147) 

16 Hibiya (1699) Shinjuku (1144) 

17 Ginza-itchome (1654) Shinjuku (1131) 

18 Seibu-Shinjuku (1653) Ikebukuro (1119) 

19 Shinjuku (1652) Uchisaiwaicho (1116) 

20 Shinjuku Keio Line (1624) Ikebukuro (1116) 

Table 2. The highest walkability stations by method using λ  1.
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Consider  what  it  would  take  for  these  methods  to  differ  in  their
walkability scores. For example, an edge buffer will only miss a store
included  in  the  network  traversal  in  a  very  particular  circumstance:
(1)  an  edge  with  one  endpoint  reachable  within  14  minutes,  but  the
other is not; (2) along that edge there is a store that is more than 80m
from  the  reachable  endpoint;  and  (3)  that  store  node  is  reachable
within  15  minutes.  This  can  only  happen  at  long  edges  near  the
boundary of the reachable zone, and that is where weights are nearly
zero.  Another  place  where  scores  can  differ  is  near  rivers  and  around
islands,  where  the  path  length  using  bridges  highly  differs  from  the
straight-line  distance.  Although  there  are  such  areas  in  Tokyo,  these
are also areas with few stations and few stores. 

Table  2  also  reveals  that  not  just  the  network  traversal,  but  also
the  circle,  node  and  edge  buffer  methods  produce  more  believable
walkability  ranks  when  weighted.  For  example,  Shinjuku  comes  in  at
rank  9,  and 7  of  the  top  20 are  in  the  Shinjuku  area (rather  than  the
outskirts  of  the  Ginza/Shimbashi  area  as  is  the  case  when
unweighted).  However,  that  said,  Hibiya  still  does  appear  in  the  top
20 and Ikebukuro does not for any of the circle, node or edge buffers
(which  are  near  identical  in  the  top  20  ranks).  That  is  not  exactly
wrong; after all, someone can walk from Hibiya to Ginza in just over
15  minutes,  but  it  is  unnatural  to  think  of  Hibiya  station  as  being
more walkable than any part of Shinjuku, or the main stations of Ike-
bukuro,  Ueno  or  Shibuya.  The  more  accurate  set  of  stores  combined
with  the  more  accurate  path  distances  of  the  network  traversal
method  does  produce  a  noticeable  and  appreciable  qualitative
improvement in the results, even if highly correlated in aggregate with
the other methods. 

Although  the  correlations  are  high  and  the  ranks  are  similar,  there
are  cases  of  large  differences  in  scores.  The  largest  gap  between  the
unweighted  circle  buffer  and  unweighted  network  traversal  method
occurs at Tokyo  station for the JR Keiyo Line. The  unweighted circle
buffer  method  yields  a  score  of  4463,  while  the  unweighted  network
method  reports  1923  stores,  for  a  difference  of  2540.  The  node  and
edge  buffer  methods  produce  results  similar  to  the  network  approach
because  they  all  use  the  network  for  which  stores  to  include  (node
buffers:  2136;  edge  buffers:  2008).  The  weighted  network  traversal
method with λ  1 yields 330.783 compared to 1255.58 for the same-
weighted circle method. This station is on the edge of the Ginza shop-
ping  area,  and  this  is  naturally  where  the  largest  differences  will
occur.  Just  to  reiterate,  even  though  the  weighted  circle  method
reports a walkability score of nearly four times the weighted network
method,  differences  of  this  magnitude  are  not  exceptional;  quite  the
contrary,  differences  of  nearly  this  magnitude  are  spread  nearly
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uniformly  across  all  the  stations,  which  is  why  the  correlations  are
so high. 

As  a  final  face-validity  test  of  the  resulting  walkability  scores,
Figure  6  shows  each  station  in  central  Tokyo  color-coded  by  its
walkability  score  according  to  network  traversal  with  λ  1.  Some
well-known shopping areas are also marked on the map for easy refer-
ence.  Although  we  focused  on  the  top  areas  in  our  analysis,  the  map
also  reveals  systemic  patterns  in  the  walkability  of  suburban  areas.
There seems to be a correlation among these stations for higher walka-
bility  at  stations  where  express  commuter  trains  stop  (such  as  the
intersection  of  different  lines  and  terminal  stations),  and  future  work
will examine these connections in detail. 

Figure 6. Map showing each station in our analysis color-coded by its walka-

bility score using network traversal with λ  1 [9, 17, 18].
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Comparing Runtimes 4.3

Normally  discussions  of  results  would  be  implementation-agnostic  so
that  an  independent  implementation  could  replicate  the  results,  but
that is not possible when discussing differences in runtimes. That said,
the  precise  results  presented  here  are  specific  to  the  particular  com-
puter  used  to  run  these  analyses,  but  the  relative  results  and  patterns
among  them  are  not.  Table  3  shows  the  median,  mean  and  standard
deviation  (stdev)  in  runtimes  across  all  stations  for  each  method  in
order of median performance.

As  can  be  seen  in  Figure  7  of  select  runtime  distributions,  the  dis-
tance  method  takes  more  time  than  the  circle  buffer  method.  This  is
surprising  (at  least  to  us),  because  it  means  that  performing  an  inter-
section  operation  on  the  geometries  to  find  the  stores  within  the
buffer  is  faster  than  finding  the  Euclidean  distance  of  every  store  to
each  station,  even  when  Euclidean  distance  is  still  run  on  the  stores
that do intersect the circle buffer.  

Method 

Median 

Runtime 
Mean 

Runtime 
Runtime 
stdev 

Dijskstra without stores 0.009 0.010 0.005 

Dijskstra with stores 0.011 0.012 0.006 

network traversal only 0.021 0.025 0.014 

circle buffers 0.227 0.246 0.066 

distance via pandas 0.991 1.003 0.055 

distance via cdist 1.043 1.124 0.646 

node buffers 1.089 1.194 0.504 

network connect + traversal 8.545 10.200 5.932 

edge buffers 9.865 12.100 3.591 

Table 3. Summary  results  of  the  runtimes  for  the  five  methods  with  variants
and specific components.

The distance method is still faster than the node buffer method, but
only  marginally  so,  and  the  distributions  of  runtimes  overlap.  The
node  buffer  method  runs  surprisingly  fast  considering  that  it  has  to
first  identify the nodes to include using the breadth-first  search, add a
buffer to all of them, merge those buffers, identify all the store nodes
within  that  complicated  buffer  shape,  then  calculate  the  distances  to
all  of  them;  our  expectation  was  a  longer  runtime.  For  example,  the
edge  buffer  method  (which  takes  the  longest)  takes  nine  times  longer
than the node buffer method, with the only difference being the shape
and  size  of  the  buffers.  And  it  is  the  shape  and  size  that  matter.  In
other  tests  using  a  node  buffer  of  only  10m,  we  find  that  the  node
buffer  runtime  is  comparable  to  the  edge  buffer  method  here,  so  it
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Figure 7. Boxplot of the runtimes for the five  main methods used to calculate
walkability scores.

cannot  be  that  edge  buffers  (being  buffers  of  linestrings  instead  of
points)  are  heavier  to  create.  Nor  can  it  be  finding  the  stores  that
intersect  the  merged  geometry,  because  that  is  not  much  different
than  the  node  buffer  case.  It  could  be  that  our  larger  160m  node
buffers  create  fewer  holes  than  the  80m  edge  buffers,  and  that  the
hole-filling  exterior  boundary  operation  is  very  costly  (perhaps  also
explaining  why  Walk  Score  [6]  avoids  it).  More  detailed  timings
could  reveal  exactly  which  step  causes  edge  buffers  to  be  so  much
slower,  but  considering  the  other  features  of  the  edge  buffer  method,
it may not be worth pursuing further.  

From  Table  3  and  Figure  8  we  can  see  that  network  traversals
using  Dijkstra’s  breadth-first  search  algorithm  run  extremely  quickly
on  the  network  once  it  is  constructed.  Recall  that  the  node  and  edge
buffer  methods  run  Dijkstra’s  algorithm  on  the  network  without  the
stores  integrated.  Although  running  Dijkstra’s  algorithm  on  the  net-
work  without  the  stores  is  naturally  faster  (about  20%  faster)  than
with  the  stores  added,  it  only  saves  a  negligible  amount  of  time  in
practice  (0.002  seconds  per  station  on  average).  The  network  traver-
sal  method  uses  the  times  to  stores  output  by  Dijkstra’s  algorithm  to
directly  assign  weights  to  the  reachable  stores,  and  this  operation
(shared  by  all  methods)  is  also  extremely  fast,  making  the  network
traversal method by far the fastest to run. 

However,  recall  from  Section  3.6  that  the  integration  of  the  stores
into  the  road  network  is  a  time-consuming  part  of  the  network  con-
struction  process  that  the  other  methods  do  not  require.  As  Figure  7
makes  clear,  adding  the  redistributed  integration  time  to  the  network
traversal times makes this method a poor performer overall. So, if we
consider  the  creation  of  the  network  with  integrated  stores  as  a  fixed
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up-front  cost,  then  using  the  fully  network-based  approach  is  both
more  accurate  and  10x  faster  than  the  circle  buffer  method  (the  sec-
ond fastest). 

Figure 8. Boxplot  of  the  runtimes  for  the  circle  buffers  and  just  the  network
traversal  and  score  calculation  (i.e.,  excluding  the  redistributed  store  integra-
tion time).

As  we  already  pointed  out,  the  circle  buffer  method  does  not
require  the  network  at  all,  so  to  be  perfectly  fair  we  should  also  add
the  baseline  network  construction  time  to  the  edge  and  node  buffer
methods as well as the network traversal method. However,  this time
goes beyond just the computer’s  runtime. To  account for the network
construction,  we  should  also  include  the  time  to  download  the  OSM
data, build a database from it, write the extraction code, clean the sta-
tion  data,  integrate  the  network  with  stations  and  exits,  and  the  time
to  learn  all  those  things.  If  all  these  factors  are  considered,  then  the
circle  buffer  method  is  by  far  the  most  efficient  in  start-to-end  time
for scoring locations by walkability.  

Conclusion5.

The  overall  conclusion  of  this  comparison  is  that,  at  least  within  the
road-dense region of central Tokyo,  all of the methods considered gen-
erate  highly  similar  walkability  scores.  The  similarity  is  increased
when we apply weights to stores that discount farther-away locations,
and  this  weighting  is  important  for  achieving  believable  walkability
scores.  A  fully  integrated  network  approach  allows  one  to  precisely
measure  the  time  required  to  traverse  any  origin-destination  path
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using standard breadth-first  search algorithms, and this does improve
the  results.  Yet  for  all  the  sophisticated  network  methodology  that
goes into building a detailed integrated road-train-store network, and
the  speed  and  elegance  of  the  pure  network  approach,  it  has  only  a
small effect on the assessments of walkability.

Our  comparison  of  methods  showed  that  when  the  stores  were
unweighted,  whether  one  limits  the  included  stores  using  the  walking
network  made  the  biggest  difference.  When  weights  are  applied,  that
difference  is  overcome  by  the  difference  in  whether  straight-line  dis-
tances  or  path  lengths  are  used.  But  in  all  these  cases,  the  differences
in  walkability  scores  across  the  stations  of  central  Tokyo  is  small.
Despite  the  more  intuitive  and  more  accurate  representations  of  the
walkable  zone  generated  through  the  network  techniques,  the  high
connectivity  of  the  road  network  in  these  areas  limits  the  value  of
these more sophisticated approaches. 

If we take the network traversal method with λ  1 as the best gen-
eral  assessment  of  walkability  (in  the  sense  used  for  this  paper),  then
we  can  tune  the  λ  parameter  in  order  to  get  the  weighted  circle
method  to  best  match  up  with  those  results.  For  example,  using
λ  0.5  for  the  circle  buffer  method  yields  a  98.4%  Pearson  correla-
tion with the network traversal method using λ  1. Using a discount-
ing  equation  with  a  more  complicated  functional  form  (i.e.,  with
more shape parameters), we could search for the discounting function
that  allows  the  circle  buffer  method  to  best  emulate  the  network
traversal  method.  Considering  the  results  here,  one  may  already  con-
sider  the  circle  buffer  method  sufficient  for  many  walkability  scoring
applications.  By  fine-tuning  the  weighting  function  in  this  way,  we
can make the simplest method even more reliable. 

Although  the  store-integrated  network  traversal  method  is  the
fastest by far once the network is constructed, the time it takes to inte-
grate  the  stores  into  the  road/station  network  makes  it  not  competi-
tive  for  single-pass  scoring  tasks.  Also,  store  data  may  come  from  a
source  that  is  not  available  for  pre-integration  (e.g.,  via  a  web  ser-
vice). Although the runtimes of the node and edge buffer methods can
be  slightly  reduced  by  simplifying  the  network,  this  runs  the  risk  of
missing  stores.  This  risk  can  be  managed  with  appropriate  buffer
sizes,  but  these  two  methods  do  not  offer  an  appealing  tradeoff
between the circle and fully network approach. In summary,  if one is
running  a  walkability  measuring  service  that  must  deliver  results
quickly  and  frequently,  then  the  up-front  costs  of  integrating  the  net-
work would likely pay off via the much shorter runtimes and simpler
code of the full network traversal approach, with the added bonus of
more accurate results; however,  one can avoid a huge amount of com-
plicated  up-front  work  with  only  a  small  penalty  in  performance  and
accuracy using the circle buffer method. 
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Next Steps 5.1

Our  current  analysis  was  limited  to  within  central  Tokyo  (23  wards)
due to limitations in our store data; however,  we will soon be able to
expand our area of analysis to the Greater Tokyo  Area  (all of Tokyo,
Saitama,  Kanagawa  and  Chiba  prefectures).  This  wider  area  includes
significantly  more  suburban  areas,  isolated  cities  and  towns,  rural
areas and even some remote mountain villages. Walkability  is high in
most  areas  within  central  Tokyo,  but  expansion  farther  out  will
reveal more variation and through that variation a better understand-
ing of the factors contributing to better or worse walkability.

In  this  analysis  we  counted  a  large  variety  of  store  categories,
including  ones  that  are  not  integral  to  daily  life.  Often  walkability
concerns center around managing one’s  daily life by foot, and by nar-
rowing  the  store  categories  to  those  providing  daily  life  services  we
may  uncover  a  drastically  different  pattern.  Using  store  data  with
more  fine-grained  categories  can  be  used  to  create  additional  niche
measures  of  walkability:  entertainment,  sports,  clothes  shopping  and
others. Such niche scores have a variety of uses, such as business plan-
ning, focused marketing, city planning and home selection. 

We  further  recognize  that  walkability  measures  that  only  include
the  time  to  places  of  business  offer  a  narrow  view  of  accessibility.
Rather  than  just  focus  on  the  degree  to  which  people  can  get  their
shopping done on foot, one might also consider how pleasant an area
is  to  walk  through  [5].  Including  locations  such  as  parks,  gardens,
riverside paths and scenic views offers a score of walk-worthiness that
can augment the store access evaluations. 

The  methods  presented  here  are  obviously  applicable  beyond  the
calculation of walkability scores of train stations. By integrating train
and bus routes and longer travel times, for example, we could capture
broader classes of accessibility measures (e.g., access to weekend enter-
tainment,  access  to  airports  and  bullet  trains).  Using  schools  as  the
focal  points  and  parks  as  the  resource,  we  could  use  the  same  meth-
ods to evaluate the park accessibility of schools in some region. 

Some  of  these  extensions  could  be  applied  to  any  of  the  methods
that use the road network to determine the accessible reach (including
node  and  edge  buffers);  however,  many  expansions  are  only  achieve-
able  by  augmenting  the  pure-network  version.  Adjusting  the  score  of
an  establishment  based  on  the  path  used  to  get  there  can  become  an
incredibly  complex  operation  involving  dozens  of  datasets,  multi-
objective  route  planning,  multi-modal  network  optimization  and
sophisticated models of human preference and decisions. 

The  demonstration  shown  here  only  considers  the  distance/time  to
stores  from  stations  in  central  Tokyo,  but  the  methods  are  general
and the evaluation of the relative merits of the techniques can serve as
a baseline for choosing methods appropriate for the problem at hand.
The  simple  circle  approach  may  be  sufficiently  accurate  in  contexts
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where  setup  time  is  limited,  data  is  unavailable  or  the  resources  to
collect  and  process  large  network  data  are  lacking.  Although  the
complex  network  approach  requires  the  greatest  setup  time  and
resources,  it  pays  off  later  in  faster  runtimes,  greater  accuracy  and
greater flexibility.  
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