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Introduction

With the development of Internet Technology and Global Positioning System,
bike-sharing has come into people’s lives. It has evolved into its fourth generation
since the emergence of Free Floating Bike-Sharing (FFBS) in 2016.

Central Business District (CBD) is the core area of urban planning and manage-
ment [1]. The CBD area has a high density of population and therefore a high
demand for short distance travel. Bike-sharing is highly suitable and the demand
foritis large in the CBD.

Study area and Data

This study focuses on a case study of the
CBD in Shenzhen. The CBD is located in
Futian district. It has a area of 413 haand | | = =
the construction area is about 7.5 million ¢ | = HongliR
square meters. There are 9 metro stations =
and 1 high-speed railway station in the CBD.
Both long distance and short distance trans-
portation are very convenient.

FFBS data is provided by Ofo, a former FFBS
operator in China. The date of the trip re-
cords was September 27th, 2017. The infor-
mation provided includes the time of un-
locking and locking, the starting and ending
longitude and latitude, along with the dis-
tance of the trips. Trips with a distance less
than 100m or more than 5km are eliminat-
ed according to previous studies[2,3].

ellite picture of the study area
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Fig 3. Location of Futian district and the CBD area Fig 3. Location of Futian district and the CBD area
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Methodology

FFBS Data preparation FFBS Data cleaning Hot spot analysis
Trip records are collected from ofo, Trip records with a distance of less Hot spot analysis shows that the
a former FFBS in China. The informa- » than 100 meters or more than 5 kilo- > CBD of Shenzhen is a hot spot
tion includes the time, distance and meters are deemed to be atypical. for FFBS usage, which is consis-
origins and destinations of FFBS trips. These records were eliminated. tent with the expectation.

Built environment factors selection VIF test
Built environment factors are categorized into 3 types, VIF test is used to testify the multi-
building features, POI density and transport accessbility. » colinearity problem between inde-
Then the factors are selected according to previous pendent variables. The variables that
researches. failed the test are deleted.

Moran’s Index Global regression GWR
Moran’s Index is able to determine Global regression is able to provide a The GWR model can explain
the spatial autocorrelation of varia- i general understanding of the relation- the spatial variance of the
bles. A larger Moran’s index indicates ship between FFBS usage in the CBD influence exerted by the in-
higher degree of autocorrelation. and the built environment. depent variables.

Results

The spatial distribution of the origins and Fig 4. Spatial distribution of FFBS origins and destinations
destinations of FFBS trips can be seen in
Figure 4. The FFBS trips are concentrated on
the western parts of Shenzhen, which is the
more develped area. Figure 5 shows the hot
spots and cold spots of FFBS usage in Shen-
zhen. The CBD of Shenzhen is considered
hot spot area for FFBS usage. The research
units of the CBD of Shenzhen are shown in
Figure 6. There are 105 research units in R

total, the average area of them is 3.74 ha. o

Fig 5. Hot spots and cold spots of combined FFBS usage Fig 6. The research units of the CBD
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VIF test

Before running the regression model, Variance Inflation Factor (VIF) test needs to
be carried out in order to examine the multicollinearity issue among all the explan-
atory variables. Catering POls has a VIF value greater than 5, thus it is removed.

Moran’s Index

The p-values of three dependent variables are all significant, which indicates that
these variables are spatially autocorrelated. Moran’s index of Combined FFBS
usage (0.4247); FFBS origin (0.3647); FFBS destination (0.4893). Compared to other
2 types of FFBS usage, the result of FFBS destination has a higher value, which indi-
cates higher degree of spatial autocorrelation.

Global regression Fig 7. The results of FFBS destination
The results show that combined FFBS gmes - EmER
usage and FFBS destination have similar 58 —IaeR
significant factors, which can be ex- chadlB
plained by the greater abundance of FFBS
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(1) Workspace POI (2) Transportation POIL

destination records (2160) compared to g SEE -

FFBS origin (1251). Among 3 types of built == - TE
environment factors, building features = aﬂ%&f 93
seem to have the least impact on the ()“W ()'":DC’L ()de;
usage of FFBS in the CBD. Density of POls, ﬂE = %3

however, is tightly related to FFBS usage.
Among transport accessbility variables,
metro accessibility is related to FFBS
usage in a unprecedented way, other
variables are not significant variables.

GWR

A surprising result is that metro accessi-
bility is negatively related to the FFBS
usage in the CBD, which is contrary to the
findings of previous studies [4,5]. The
characteristics of the CBD has to deal with
this finding. First, higher density of metro

stations shortens the distance people  Fsoren
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Fig 8. The results of FFBS origin and combined FFBS usage
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havg to travel in order to get to the metro = EEET;%& |
stations. Second, the underpasses in the aml. o
CBD are well-developed. Using under- em== b
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engage in more activities underground.

Conclusion

The findings of this study can be concluded as follows: (1) POl density is mostly posi-
tively related to the usage of FFBS. Commuting, entertainment and daily routines are
three main purposes of FFBS trips. (2) POI entropy is positively related to the usage
of FFBS, which indicates that mixed use urban areas might stimulate the usage of
FFBS. (3)The result concerning metro accessibility differ from previous findings.
Metro accessibility is negatively related to the FFBS usage in the CBD of Shenzhen,
which is caused by the unique built environment characteristics such as well-devel-
oped underpasses and the high density of metro stations.
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