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Abstract: The current measuring methods of walkability, such
as the walk score, consider that walking distance decay laws
for all amenities are the same, which is not applicable to
typical communities in China with plentiful resources.
Therefore, the walking distance decay laws of multi-type and
multi-scale facilities are studied. Firstly,
residents’ amenity selection survey, the walking distance decay
law of residents’ choice of amenity was studied from three
aspects, including the law of all amenities, the laws of
different types of amenities and the laws of different scales of
amenities. It was proved that the walking distance decay laws
of different kinds of amenities showed a significant difference.
Secondly, different amenities’ acceptable walking distance and
optimum walking distance were obtained according to previous
studies and the decay curve. Amenities with higher attraction
and/or a larger scale showed a longer acceptable walking
distance and optimum walking distance. Finally, the binary
logistic model was used to describe the relationships between
walking distance, amenity type,
probability of one amenity being selected, the prediction
accuracy of which reached 80.4% . The calculated probability
obtained from the model can be used as the decay coefficient
of amenities in the measurement of walkability, providing a
reference for the site selection and evaluation of amenities.
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based on the

amenity scale and the

Walking is an energy-efficient and non-polluting
transportation mode as well as a key part of an ac-

tive lifestyle, playing an important role in our society,
environment, and health" ™.
traffic congestion and create more opportunities for resi-

dents to communicate with others, and it aids in increas-
(341

Walking can help alleviate

ing residents’ sense of community
convenient community has high walkability and provides
a variety of amenities, and amenities are distributed with-
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in a reasonable walking distance” ™. A community with

high walkability encourages more people to walk for short
trips” ™. Therefore, walkability has become an important
foundation of community development and improving
neighborhood walkability. As a kind of spatial property,
walkability describes the guidance capacity of the space
during the walking trips'” . Specifically, it means not on-
ly the spatial closeness between the origin and destination
but also walking convenience and comfort. Walkability is
mainly affected by three factors. The first factor is the
type of destination and its spatial layout'"”. The second
factor is walking distance''"'. Only when the walking dis-
tance is acceptable, do people walk to the destination.
The final factor is the pedestrian environment, which in-
cludes the density of the street, organizations at intersec-
tions, and road landscape'®.

Earlier studies on walkability concentrated on the pedes-
trian level of service (PLOS) assessed in terms of both
walking facilities and traffic environments. HCM proposed
a PLOS method based on pedestrian flow characteris-

2 " Considering the facility design and traffic flow
(13

tics
condition along sidewalk, Dixon
Gainesville method which paid attention to not only pedes-
trian facility provided but also conflicts, motor vehicle
LOS and so on. From the point of pedestrian perception,
the trip quality method was proposed by Jaskiewicz et
al.'"™ and it is a qualitative evaluation from the pedestrians’
perspective of safety, comfort, and pleasantness.

With the gradually revealed vital role that the built en-
vironment played in walkability, studies on walkability
extended to network-level evaluation. The following fea-
tures affecting walkability were found: network design,
sidewalk availability, building accessibility,
density, land-use density and land-used diversity''.
These factors were then applied in different combinations
in the design of tools measuring the city walkability, such
as BEH-NWTI (built environment and health-neighborhood
walkability index)'™, SWAT ( Scottish walkability as-
sessment tool) "', WAT (walkability audit tool) U7 and
WS (walk score)". To better collect and quantify the
impact factors, technologies such as geographic informa-
tion systems ( GIS)'"' and global positioning systems

put forward the

residential

(GPS)"”" were also used to study walkability.
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In the measurement of “walk score”, amenities’ weight
values were decayed based on the walking distance decay
law. Distance decay refers to the phenomenon of the de-
creasing probability of one amenity being selected along
2022 This method
used a decay coefficient to measure the degree of decay.
The lower this value, the more seriously it decayed™'. A
considerable amount of research has been carried out to
examine the distance decay law. Goel™ reported the at-
tenuation rule of commuting distance under different trav-
®! studied distance decay function
among various amenities and then calculated the road path
distance after decay from the residence to amenities. He
et al. " found a spatial decay effect in walking access

with the increase in walking distance

el modes. Xia et al.'

distance to metro stations, the decay rate of which, how-
ever, varies across stations. Jia et al. "’ delineated hospi-
tal service areas by using a Huff-based model which takes
into account the decay effect of walking distance.

However, the above mentioned research assumed that
the same walking distance decay law can be applied to all
kinds of amenities, so they used the same decay coeffi-
cient for all amenities within the same walking distance.
In China, the number of amenities is large and the type of
amenities is plentiful within a community. Chinese cities
are densely populated, and there is a wide gap between
the rich and the poor. Therefore, residents’ selection pref-
erence varies according to factors such as their income
and age, and different amenities are of interest to differ-
ent groups. Taking the food service amenity as an exam-
ple, a small eatery with simple equipment offers few di-
shes, so the attraction is limited. A food court consisting
of several snack shops has a variety of dishes, so the at-
traction is greater. Large-scale restaurants with a variety
of dishes, advanced facilities, and an elegant environ-
ment can even attract some residents from far away. It is
obvious that the selection probability of the amenity is in-
fluenced not only by walking distance but also by the fea-
tures of the amenity. Consequently, the same decay coef-
ficient which was obtained from the same walking dis-
tance of different amenities in previous research cannot be
applied in China.

1 Method

Based on the national conditions in China, this study
first classified the amenities into 23 different categories.
Then for each amenity category, the walking distance de-
cay law of residents’ amenity selection, amenities’ ac-
ceptable walking distance, and optimum walking distance
were determined, respectively. Finally, the binary logistic
model was established among walking distance, amenity
type, amenity scale and the probability of one amenity
being selected. Results provide the decay coefficients of
different amenities for measuring neighborhood walkabili-
ty; they also provide references for the planning, site se-

lection and evaluation of amenities.
1.1 Amenity classification

There are a wide variety of amenities in a community
in China. Amenities of different types offer different
services according to residents’ demand, and amenities of
different scales have different diversity and substitutability
according to residents’ preferences'” . The type and scale
of the amenity affect residents’ amenity selection™ ', so
we classified amenities according to their types and
scales. By analyzing the number of different amenities in
a block and the service content of different amenities, we
determined the quantity, diversity, and substitutability for
various amenities. Taking convenience stores as an exam-
ple, the quantity is large because there are always more
than three convenience stores for every square kilometer.
The diversity is weak because every convenience store
sells the same commodities. Thus, the substitutability of
convenience stores is strong. This study analyzed the
characteristics of all kinds of amenities and then deter-
mined the classification of them.

Referring to “Urban Community Planning and Design
Criteria (GB 50180—1993) ™ and the community sur-
vey, the amenities’ characteristics are presented in Tab.
1, including service content, quantity, diversity,
substitutability.

Based on the characteristics of the amenities above,
and comprehensively considering Chinese urban social-
economic development conditions and the present situation
of amenities in large communities in Beijing, amenities
were classified into 9 categories: education, health care,
food service, shopping, markets, parks, entertainment, fi-
nance, and post and telecommunications. Moreover, ow-
ing to a varying scale of amenities, they were divided into
23 types. The classification is detailed in Tab. 2.

and

1.2 Survey sites

This paper surveyed the trip characteristics of residents
to study the walking distance decay law for residents’
amenity selection. To guarantee that participants’ walking
behaviors were based on the demands of daily residential
life, the survey was conducted in large communities in
Beijing. To ensure the universality and comprehensiveness
of the survey, three different communities were chosen to
carry out the survey, including Huilonguan community,
Tiantongyuan community and Wangjing community, and
their locations are shown in Fig. 1. Huilongguan communi-
ty is located between the north fourth ring road and north
fifth ring road in the Changping District. The area of the
structure is 8 km’, and the population is 325 000. Tian-
tongyuan community, located to the east of Huilongguan
community, is also located in the Changping District. It
covers an area of 8 km”®, and the area of structure is 6
km’. Huilongguan community is known as the largest
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Tab.1 Amenity characteristics

Amenity Service content Quantity  Diversity ~ Substitutability
Daycare center A preschool to prepare for primary school Large Weak Weak
Elementary school A school for children in the first four or five years of their education Medium  Weak Weak
Middle & high school A school for students intermediates between elementary school and college Small Weak Weak
Drugstore A retail shop where medicine and other articles are sold Large Weak Strong
Clinic Small-scale Medium  Weak Medium
Hospital A major medical institution of a region Small Medium Weak
Convenience store A store selling a limited variety of food and pharmaceutical items Large Weak Strong

A large self-service grocery store selling groceries and dairy products and house- . .
Supermarket Medium  Weak Medium
hold goods
Shopping mall A market composed of a collection of shops Small Medium Weak
Farmers market Retail-oriented place (sales of all types of agricultural products and food) Medium  Weak Strong
Trade market Fixed place of spot trading (agricultural products, consumer goods, etc. ) Small Medium Weak
Eatery Simple equipment, small-scale, widely distributed Large Medium Strong
Food court An area where fast food is sold Medium Weak Strong
Restaurant Larger-scale, excellent internal facilities Small Strong Medium
Small park Including children’s play equipment and recreational spots Medium  Weak Strong
Including a variety of cultural and entertainment amenities, children’s play- . .
Large park . Small Medium Medium
grounds and quiet rest areas
Bookstore A shop where books are sold Medium  Medium Medium
Theater A building where the atrical performances or films can be presented Medium  Weak Strong
Gymnasium Athletic amenity equipped for sports or physical training Medium  Medium Medium
ATM Automated teller machine Large Weak Strong
Bank A f-ir?e%ncial institution that accepts deposits and channels the money into lending Medium  Medium Medium
activities
Express center A place where parcels were picked up Large Weak Strong
Including the telegraph, telephone, letters, parcels, postal remittance and retail .
Post office Medium  Weak Strong

of newspapers

Tab.2 Amenity category

Amenity type

Amenity scale

Education

Daycare center
Elementary school
Middle & high school

Drugstore

Health care Clinic
Hospital
Eatery

Food service Food court
Restaurant

Convenience store

Shopping Supermarket
Shopping mall
Farmers market
Markets
Trade market
Small park
Parks
Large park
Bookstore
Entertainment Theater
Gymnasium
. ATM
Finance
Bank

Post and tele-

communications

Express center
Post office

community in Asia and the population is 400 000.
Wangjing community is located in the northeast of Beijing

in the Chaoyang District. It covers an area of 8 km’, and
the population of permanent residents is 300 000. These
three communities were selected as survey regions due to
their common features: an extensive area, huge popula-
tion, and abundance of amenities.

The surveyed amenities were selected in the above three
communities, and only one amenity was chosen as the
survey site for each kind of amenity in each community.
Aiming at 23 kinds of amenities, this survey had a select-
ed total of 69 amenities as survey sites, the locations of
which are shown in Fig. 2.
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(b) (o)
Location of survey sites. (a) Huilongguan Community;
(b) Tiantongyuan Community; (c¢) Wangjing Community

Fig. 2

1.3 Questionnaire design

To reflect the actual trip characteristics, this survey was
conducted as a field survey, and the interviewed residents
were located inside the amenities.

The questionnaire included two aspects: demographic
characteristics and trip characteristics. Questions relating to
demographic characteristics included gender, age, and
household car ownership. Questions relating to trip charac-
teristics included the usage frequency of the amenity, trip
mode (whether by foot or not), walking time and accepta-
ble walking time. Usage frequency reflected the impor-
tance of the amenity. Trip mode helped to identify the res-
idents who chose the amenity on foot. Using the standard
walking speed of 1 m/s"™
into walking distance. Acceptable walking time represen-
ted the maximum distance that the residents could reasona-
bly walk to the amenity. During the survey, residents
walking to the amenity were asked their walking time for
the trip; residents traveling by other transportation modes
were asked their acceptable walking time for the amenity.

, walking time was converted

1.4 Demographic characteristics

The survey was carried out from 20 May to 26 May and
from 3 June to 9 June 2013. A random distribution of
1 901 questionnaires yielded a return of 1 860 valid ques-
tionnaires. Respondents’ demographic characteristics are
shown in Tab. 3.

Statistics show that the proportions of males and fe-
males are about equal, and the respondents cover a wide

range of ages. 39% of the respondents owned a car. Al-
though residents can be affected by the ownership of cars,
they prefer to walk to the amenities within a short dis-
tance.

Tab.3 Demographic characteristics of respondents

Demographic

. Content Number  Percentage/%
characteristics
Male 878 47.2
Gender
Female 982 52.8
<20 154 8.3
20 to 29 612 32.9
30 to 39 495 26.6
Age
40 to 49 303 16.3
50 to 59 190 10.2
>60 106 5.7
Household car 0 1135 61.0
ownership 1 725 39.0

2 Walking Distance Decay Law

To reflect the walking distance decay law, the distance
decay graphs of residents’ amenity selection were drawn
by two curves based on the data of walking distance. The
section curve represents the percentage of pedestrians who
reach the amenity at a given walking distance section; the
accumulation curve represents the cumulative percentage
of pedestrians who reach the amenity within a given walk-
ing distance, which is the percentage of pedestrians whose
walking distance to the amenities is not greater than the
given distance. As shown in Fig. 3, in the section curve,
given that the walking distance is 900 m, in the section
curve, the percentage of pedestrians is 23% . It indicates
that the number of pedestrians whose walking distance ran-
ges from 600 to 900 m counts for 23% of all pedestrians,
while in the accumulation curve, the cumulative percent-
age of pedestrians is 69% . This indicates that the number
of pedestrians whose walking distance is not greater than
900 m accounts for 69% of all pedestrians.

Furthermore, this study analyzed the walking distance
decay law from three aspects, including the selection con-
ditions of all amenities, different types of amenities, and
different scales of amenities.

2.1 All amenities

The data of all amenities’ walking distance was used to
draw the distance decay graph to analyze the general situ-
ation that residents walked to the amenities. Fig. 3 shows
the walking distance delay curve of all amenities. The
curve first has a descending tendency, which means that
the number of pedestrians decreases with the increase in
walking distance from the origin to the amenity. Second-
ly, when the walking distance is 300 m, the cumulative
percentage of pedestrians is 100% . It means that the
number of pedestrians does not decay for the amenity
within 300 m'”'. Thirdly, after 300 m, the curve de-
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After
1 500 m, it declines smoothly with greater distance. It

clines rapidly with the increase in the distance.

shows that the decay speed of the number of pedestrians is
rapid at first and then becomes slower. Finally, once the
distance reaches 2 400 m, both percentages are at 2% .
There are hardly any people traveling on foot.
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Fig.3 Distance decay graph of all amenities

In summary, the walking distance decay law is obvi-
ous, and the probability that a resident chooses the amen-
ity by foot decays with the increase in walking distance.

2.2 Amenities of different types

To explore the walking distance decay laws of different
types of amenities, the distance decay graphs of 9 catego-
ries of amenities were drawn. For example, Fig. 4 shows
the distance decay graphs of health care amenities and
food Comparing the
curves, when the walking distance is 900 m, the percent-

service amenities. two-section
age of pedestrians is the greatest for the health care amen-
ity. This means that most pedestrians’ walking distance to
health care amenities ranges from 600 to 900 m. Second-
ly, comparing the two accumulation curves, the curve for
health care amenities declines more rapidly within 1 200
m. The cumulative percentage is 34% for health care
amenities, while it is 57% for food service amenities.
This means that the decay speed of the number of pedes-
trians is faster for health care amenities. Thirdly, when
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Fig.4 Distance decay graphs of different types of amenities.

(a) Health care amenity; (b) Food service amenity

the walking distance is 2 400 m, the percentage is 2% for
health care amenities while it is 11% for food service a-
menities. This indicates that residents are willing to walk
a longer distance to food service amenities.

Through the analysis of the distance decay graphs of 9
categories of amenities, it can be concluded that: differ-
ent types of amenities have different distance decay laws;
the decay speeds of amenities with high demand and weak
substitutability are slower; residents can accept a longer
walking distance for these amenities. For example, cate-
ring and shopping are more closely associated with
residents’ daily lives, and food service amenities and
shopping amenities are used more frequently. Their decay
speeds are slower, and residents are willing to walk lon-
ger distances. However, education amenities and health
care amenities have specific service populations and they
hold less attraction. Therefore, their decay speeds are fas-
ter, and residents will not like walking long distances to
these amenities. However, the daycare center which has a
high demand and weak substitutability is special. The de-
cay speed of the daycare center is fast, and the acceptable
walking distance is short. One possible reason is that par-
ents escorting kids in school trips care more about con-
venience and safety. They tend to go to the daycare cen-
ters by car for long distances.

2.3 Amenities of different scales

The distance decay graphs of different scales of ameni-
ties are displayed in Fig. 5, which are represented by con-
venience stores, supermarkets, and shopping malls.
First, comparing the section curves, the three curves all
have obvious peaks, when the walking distance is 600 m
for convenience stores, 1 500 m for supermarkets and
1 200 m for shopping malls. This indicates the walking
distance that most pedestrians considered suitable. Sec-
ondly, comparing the accumulation curves, the curve for
convenience shops drops more quickly. When the walk-
ing distance is 900 m, the cumulative percentage is 38% ,
while it is 81% for supermarkets and 91% for shopping
malls. This means that the decay speed of the number of
Thirdly,
when the walking distance reaches 2 400 m, the cumula-
tive percentage is zero for convenience stores, while it is
5% for supermarkets and 8% for shopping malls. It indi-
cates that the residents are willing to walk longer distances
to supermarkets and shopping malls.

Through the analysis of distance decay graphs of 23
kinds of amenities, it can be concluded that: different
scales of amenities have different distance decay laws; the
decay speeds of larger-scale amenities were slower; the

pedestrians is faster for convenience stores.

larger the scale of the amenity, the longer the walking
distance that will be accepted by residents. Large-scale
amenities such as restaurants and shopping malls hold
greater attraction, and there is always at least one restaurant
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Fig.5 Distance decay graphs of different scales of amenities.

(a) Convenience store; (b) Supermarket; (c) Shopping mall

and one shopping mall in a community. Residents are
willing to walk longer distances to these amenities, so
their decay speeds are slow. However, small-scale amen-
ities such as convenience stores and eateries are numerous
and their substitutability is strong. Residents always
choose another amenity if a particular one is far away
from their origin, so their decay speeds are fast.

2.4 Acceptable walking distance and optimum walk-
ing distance

According to previous research, when the percentage of
pedestrians declined to 0%, that distance could be chosen
as the acceptable walking distance; when the percentage of
pedestrians reduced to 40% , that distance could be cho-

sen as the optimum walking distance""

. According to the
survey data of all kinds of amenities, the acceptable walk-
ing distance and optimum walking distance were ob-
tained. They are listed in Tab. 4.

From Tab. 4, it can be seen that the acceptable walking
distances of all amenities range from 2 100 to 2 800 m,
and the optimum walking distances range from 750 to
1 900 m. It indicates that most walking trips are not far-
ther than 2 800 m, and residents are more willing to walk
a distance no greater than 1 880 m. This result is roughly
identical to the finding of Lu and Wang™'. They found
that most amenities’ acceptable walking distances were

Tab.4 Acceptable walking distance and optimum walking dis-
tance

Acceptable Optimum
Amenitytype Amenityscale walking walking
distance/m distance/m
Daycare center 2 150 900
Education Elementary school 2 300 1200
Middle & high school 2 700 1 650
Drugstore 2 100 800
Health care Clinic 2 150 1100
Hospital 2 600 1 350
Eatery 2 250 800
Food service Food court 2 400 1350
Restaurant 2 750 1 900
Convenience store 2 100 750
Shopping Supermarket 2 500 1550
Shopping mall 2 800 1 650
Farmers market 2 400 850
Markets
Trade market 2 650 1200
Parks Small park 2 200 1 050
Large park 2 550 1 550
Bookstore 2 150 1 300
Entertainment Theater 2 550 1 650
Gymnasium 2 800 1700
Finance ATM 2 200 800
Bank 2 450 850
Post and tele- Express center 2 300 900
communications  Post office 2 650 1200

not more than 2 400 m in America, and the percentage of
pedestrians reduced to 31% when the walking distance
was 1 600 m. However, they did not consider that ac-
ceptable distances of different amenities may be different.
Secondly, we find that the acceptable walking distance
and the optimum walking distance are different for differ-
ent types of amenities. Food service amenities and enter-
tainment amenities have longer acceptable walking dis-
tances and optimum walking distances. However, health
care amenities have shorter acceptable walking distances
and optimum walking distances. The result is in line with

prior evidence found by Jia and Jiang"™”.

They consid-
ered that the accessibility standards of different amenities
for walkable neighborhoods were different, but only five
types of amenities were analyzed, including education,
shopping, and post &

telecom. For example, their study showed that the opti-

medical service, entertainment,
mum distance from the medical service to the dwelling
building was 800 m, while the optimum distance from the
theatre to the dwelling building was 2 000 m. Thirdly,
we find that the acceptable walking distances and opti-
mum walking distances are proportional to the scale of a-
menities. The acceptable walking distances of conven-
ience stores, supermarkets, and shopping malls are
2 100, 2 500 and 2 800 m, respectively, and their opti-
mum walking distances are 750, 1 550 and 1 650 m, re-

[33]

spectively. A previous study by Yi ™ also proved that the

attractive radius of different scales of amenities was dif-



94

Xu Dandan, Bian Yang, Shu Shinan, and Rong Jian

ferent. Our results provide references for the planning,
site selection and evaluation of amenities.

3 Model Development
3.1 Modeling methods

In previous research, walking distance was considered
as a major influencing factor for walkability. Amenities’
weights decay according to the walking distance, and the
degree of decay is represented by the decay coefficient.
The lower this value, the more significantly the weight
decays. Based on the analysis described above, it can be
found that the decay coefficient is affected not only by
walking distance but also by the amenity type and scale.
So, this study uses the probability that the amenity is
chosen by residents on foot as a decay coefficient, com-
prehensively considering the effect of walking distance,
amenity type, and amenity scale. The relationship be-
tween the probability and the three influencing factors are
established using the binary logistic model,
form of which is

the basic

Iy —p =

=a+ Z b.x, (1)
i=1

where P is the probability that a resident chooses to walk

to the amenity; x,(i=1,2, ..., m) is the influencing fac-

tor; x, is the amenity type; x, is the amenity scale; x, is-

the walking distance from the origin to the amenity; a, b,

(i=1,2,...,m) are the estimated parameters.

The equivalent form of Eq. (1) is

m

exp(a + Y b.x,)
i=1

P = m (2)
1 +exp(a+ Zb[x[)
i=1

The distribution function above is a binary logistic dis-
tribution function. Based on the survey data, the parame-
ters are estimated using an iterative maximum likelihood
procedure with the statistical analysis software SPSS.

3.2 Establishment and validation of the model

Through the review of literature and the survey of
amenities in Beijing, this model uses walking distance,
amenity type, and amenity scale as the independent varia-
bles and uses whether or not a resident chooses to walk to
the amenity as the dependent variable. If a resident choo-
ses to walk to the amenity, the dependent variable is equal
to 1. If a resident does not choose to walk to the amenity,
the dependent variable is equal to 0. The analyses of the
influencing factors and variables are shown in Tab. 5.

All survey data was imported into SPSS to estimate the
parameters of the model, and the results are shown in
Tabs. 6 and 7.

From Tab. 7, it is easy to see that the significance of
walking distance is less than 0. 001, and the significances
of the amenity type and amenity scale are 0. 003 and
0.001, respectively. So, the characteristic variables of the

Tab.5 Influencing factors and variables of the model

Independent variable

Dependent variable -
v Amenity type

in

Amenity scale Walking distance

X X X3
Xy 1 = Daycare center
X1 1 = Education Xy 2 = Elementary school 1'=0-300 m

3 =Middle & high school

Xy 1 = Drugstore 2 =300-600 m
X1 2 = Healthcare Xy 2 = Clinic
3 = Hospital 3 2600900 m

X3 3 = Foodservice

Xy 1 = Eatery

Xy 2 =Food court

3 = Restaurant 4 =900-1 200 m

Xi4 4 = Shopping
1 = Walk trip

Xy 1 = Convenience store
Xyp 2 = Supermarket 5 =1200-1 500 m

3 = Shopping mall

0 =No walk trip
X5 5 = Markets

X 4 1 = Farmers market 6 =1 500-1 800 m

Xyo 2 =Trade market

X6 6 = Parks

X5 g 1 = Small park

2 2= Large park 7=12800-2 100 m

Xy 7 = Entertainment

Xy 1 = Bookstore
Xy5 2 = Theater 8 =2 100-2 400 m

3 = Gymnasium

X5 8 =Finance 1 1=ATM 9 =2700-3 000 m
X220 2 = Bank
X 1 = Express center

9 =Post and telecommunications

Xy 2 = Post office 10 = above 3 000 m
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Tab. 6 Statistics results of the model

Category Statistics results
Number of independent variables 11
Number of effective samples 1 860
Percentage correct 80.4%
-2 log likelihood 1 645.339
Cox & Snell R square 0.381
Nagelkerke R square 0.512

Tab.7 Regression analysis results of the model

B S.E. Wald Df  Sig. Exp(B)

Type 23.560 8  0.003
Type-1 -0.780 0.300 6.779 1 0.009  0.458
Type-2 -0.664 0.297 5.019 1 0.025 0.515
Type-3 -0.732  0.297 6.075 1 0.014 0.481
Type-4 -0.701  0.294 5.674 1 0.017  0.496
Type-5 -0.449 0.323 1.939 1 0.164  0.638
Type-6 -0.065 0.340 0.037 1 0.847 0.937
Type-7 -0.553  0.299 3.431 1 0.064 0.575
Type-8 -1.171 0.298 15.465 1 0.000  0.310

Scale 14.664 2 0.001
Scale-1 -0.715 0.187 14.591 1 0.000 0.489
Scale-2 -0.517 0.179 8.327 1 0.004 0.59
Distance  -0.850 0.040 461.522 1 0.000  0.427
Constant 5.063 0.372 185.048 1  0.000 158.100

Note: B represents regression coefficient; S. E. represents the standard
error of regression coefficient; Wald represents the observations of
Wald test statistics; Df represents the degree of freedom; Sig. repre-
sents the P value of Wald test statistics.

model have statistical significance. From Tab. 6, a total
of 80. 4% of the residents deciding whether or not to
walk to the amenities are correctly predicted by the mod-
el. Two goodness-of-fit statistics, Cox & Snell R square
and Negalkerke R square, are 0.381 and 0.512, respec-
tively. The two pseudo R squares reflect from different
perspectives that the independent variables in the current
model explain the proportion of the variation of the de-
pendent variables to the total variation of the dependent
variables. The accuracy is high if these Pseudo R squares
are between 0.2 and 0.4 in practice’™ . High degree of
goodness-of-fit means that the model can effectively ex-
plain the walking distance decay law for residents’ ameni-
ty selection.

Thus, the binary logistic probability can be expressed
as

v, =5.063 -0.780 x,, —0.664 x,, —0.732 x, , -
0.701 x,, —0.449 x,, —0.065 x,, —0.553 x,, —
1.171 x,, -0.715 x,, =0.517 x,, -0.850 x,  (3)

(4)

_ ¢
L+e”

The calculated probability from the model reflects the
probability that a resident chooses to walk to the amenity
within the given distance. The model can be applied in
general planning to identify the expected shifts in walking
behavior associated with changes in the distributions of

different amenities. The probability helps to set clear pol-
icy goals: A community aiming to increase the number of
people walking maybe needs to prioritize amenities of dif-
ferent types and scales. The probability also can be used
as the decay coefficient of the amenity in the measure-
ment of walkability, and the decay coefficient is used to
calculate the amenity’s weight value in different walking
distances. We calculated the decay coefficients of differ-
ent kinds of amenities when the walking distance was
500, 1 000, 1500, and 2 000 m. The results are shown
in Tab. 8.

As shown in Tab. 8, decay coefficients decrease with
the increase in walking distance. It indicates that the lon-
ger the walking distance, the lower the probability that a
resident chooses to walk to the amenity. Moreover, dif-
ferent kinds of amenities have different decay coefficients
at the same distance, and the decay coefficient increases
with the increase in the scale of amenities. Taking the ex-
ample of food service amenities, when the walking dis-
tance is 1 000 m, the decay coefficient of an eatery is
0.376, while it is 0. 580 for a food court and 0. 781 for
restaurant. The results are consistent with the distance de-
cay laws analyzed above.

Tab.8 Decay coefficients at different walking distances

Walking distance/m

Amenity type Amenity scale

500 1000 1500 2 000

Daycare center 0.856 0.384 0.248 0.153

Education Elementary school 0.879 0.570 0.287 0.170
Middle & high school 0.924 0.773 0.403 0.275

Drugstore 0.870 0.351 0.271 0.148

Health care Clinic 0.891 0.445 0.312 0.166
Hospital 0.932 0.692 0.431 0.268

Eatery 0.862 0.376 0.258 0.159

Food service Food court 0.884 0.580 0.297 0.176
Restaurant 0.927 0.781 0.415 0.278

Convenience store 0.866 0.373 0.263 0.153

Shopping Supermarket 0.887 0.687 0.404 0.181
Shopping mall 0.929 0.786 0.422 0.290

Markets Farmers market 0.892 0.398 0.315 0.189
Trade market 0.910 0.738 0.359 0.221

Parks Small park 0.924 0.473 0.403 0.255
Large park 0.937 0.805 0.452 0.294

Bookstore 0.882 0.676 0.293 0.174

Entertainment Theater 0.901 0.718 0.436 0.204
Gymnasium 0.938 0.810 0.459 0.300

Finance ATM 0.801 0.369 0.183 0.102
Bank 0.831 0.378 0.214 0.121

Post and Express center 0.928 0.384 0.259 0.148
telecommunications Post office 0.941 0.715 0.368 0.188

4 Conclusions

1) The number of pedestrians who walk to the amenity
decreases with the increase in walking distance from the
origin to the amenity. Walking distance decay speeds are
slower for amenities with a high demand and weak substi-
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tutability. Walking distance decay speeds of amenities
with a larger scale are slower.

2) The acceptable walking distance and optimum walk-
ing distance are different for different types and scales of
amenities. Amenities with higher attraction and a larger
scale have a longer acceptable walking distance and opti-
mum walking distance.

3) A binary logistic model was established for walking
distance, amenity type, amenity scale and the condition
of residents’ amenity selection. The decay coefficients of
different amenities at different walking distances were ob-
tained.

4) The results coincide more closely with the current
situation of China and provide references for the site se-
lection and evaluation of amenities, but there are still
some limitations. Future study is needed to verify the va-
lidity of the self-reported data, especially for the
resident’s estimation of walking distance. Walking speeds
are different for different crowds and trips. Hence, future
study will include variations in both speed and duration of
the walk trips in order to improve the accuracy of walking
distance. We also hope to recruit volunteers to record
their walking tracks by handheld GPS. Furthermore,
there is an urgent need for a complete set of measuring
methods for neighborhood walkability that applies to Chi-
na, and the decay coefficients of different amenities of-
fered by this study can advance this research.
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