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Abstract:

From ancient to modern times, in the historical process of urban development, urban transportation has been developing
along with the development of the city's political, economic and cultural industries, and the relationship between each
other has always been a topic constantly discussed by planning scholars. The development of urban transportation
promotes the urban population gathering and industrial development, and promotes the development of urban
geographical space. At the same time, it also brings endless convenience to urban residents, so that they can complete the
displacement from the beginning to the destination with relatively low cost. However, with the rapid development of urban
scale and the rapid growth of urban population, the problems of traffic congestion and land resource shortage in big cities
of China seriously restrict the improvement of the quality of life of residents and the further development of the city. In this
context, compact city is the inevitable choice for future urban development, while the transportation system supporting
compact city form can only be public transportation. As a high-volume, efficient and rapid public transport mode, rail
transit can not only solve the traffic congestion problem in high-density areas of cities, but also optimize the development
and utilization of urban land and adjust the urban spatial layout, which is of great significance for the sustainable
development of cities. The network of rail transit in Beijing becomes the backbone of public passenger transport system,
and play an irreplaceable role in guiding the urban space layout adjustment, population migration and the transformation
of traffic structure. The study of travel characteristics of the residents who live along the rail transit, in-depth analysis the
relationship of the rail transit, the population migration and commuter travel, it is of great significance providing decision
support for urban planning. Based on binary choice model, establishing the residents' travel choice model, rail transit
impact model of different crowds. Study the relationship between rail transit and residents' travel characteristics, predict
the rail transit to guide the trend of population migration.
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1. Introduction
With the development of urbanization, the urban
space and the urban population are expanding rap-
idly. For a long time, the city uses the car as the cen-
ter as the transportation development strategy, the
residents' travel brings great pressure to the urban
traffic, and the changes of residents' travel charac-
teristics are getting more and more attention. Since
the middle of the 20th century, especially after the
sustainable development of ecological view widely
recognised, western countries began to realize that
the car is at the root of many diseases, and paid more
attention to public transport . In the works of Garling
et al. (2007), COM (2007, 2011) especially the de-
velopment of rail transit, successively put forward
the urban development concepts such as the compact
city, TOD, and so on, thus changed the urban space
development pattern, and affected the urban space
layout and structure. In urban areas, commuting has
become a feature of urban traffic. When this kind of
daily fixed time, fixed direction of people move
more and more and become too concentrated, it will
form travel peak, bringing great pressure to urban
traffic as Yanfang et al. (2010) mentioned. Net-
worked development of rail transit is the common
choice of world's big cities to improve the traffic en-
vironment of cities, the rail traffic network in the
construction of high density is fundamentally one of
the most effective way to solve the problem of urban
traffic congestion. In the study of Loukopoulos et al.
(Loukopoulos, 2007; Meyer, 1999; Stradling, Mead-
ows and Beatty, 2000; Taylor and Ampt, 2003), rail
transit as the backbone of our public passenger
transport system, shaping demand for alternative
transport modes to private cars, in the new round of
urban space development, industrial layout adjust-
ment will play an irreplaceable role, and become the
important influencing factors that cannot be ignored
when residents choose their traveling way.

The development of urban rail transit in China is not

yet mature, and the rail transit network is also mov-

ing forward. The construction of Beijing rail transit
network caters to the development trend of Beijing's

"two-axis—two-belt—multi-center" urban pattern

planning. There are some problems in the actual de-

velopment and operation of Beijing rail transit:

(1) The synchronous development of urbanization
and suburbanization in Beijing, the current de-
velopment of the old city center is relatively in-
tensive, and the population of the central city is

out-migration, and the new urban population is
growing rapidly in the outskirts of the city. The
dense construction of the old city and the disor-
dered development of the suburbs have caused
the poor quality of the community environment,
which has had a negative effect on the transpor-
tation system and the ecological environment as
Jacyna et al. (Jacyna and Merkisz, 2014; Jacyna,
Wasiak, Lewczuk and Klodawski, 2014) men-
tioned. In addition, due to the lack of urban plan-
ning theory of some planners, lead to rail way
transportation construction and urban develop-
ment planning failed to take effective develop-
ment strategy from the macroscopic aspect, and
caused in the process of urban construction too
much focus on solving the local problems of ur-
ban construction, ignoring the coordinated de-
velopment of land use and urban traffic, Lee et
al. (Lee, Kim, Rho, et al., 2016; Paz, Suarez, Gil,
et al., 2015) thought the construction of land de-
velopment and rail transit is relatively isolated
and cannot be implemented synchronously.
Therefore, rail transit cannot maximize the ser-
vice of urban development, and the land along
the rail transit line has not reached the maximum
development and utilization.

(2) The commutes traffic pressure is huge in Beijing,
and the traffic congestion is serious in the morn-
ing and evening. The total amount of travel and
the distance of travel are increasing year by year,
and the phenomenon of "tidal" of residents' com-
muting trips is obvious. Due to land develop-
ment along the rail transportation is slow, and
the supporting facilities in the new town con-
struction area are not perfect, the real travel de-
mand of residents cannot be met. As a result,
people do not choose rail transit as the main
mode of transportation. Therefore, the resources
of the facilities along the rail transit cannot be
fully utilized, the pressure on urban traffic
caused by work travel has not been alleviated ef-
fectively as well, these will seriously affect the
sustainable development of Beijing. Therefore,
it is of great significance that master the law of
the selection and distribution trend of urban res-
idents to promote the formation of new pattern
in Beijing.

(3) Urban rail transit has obvious agglomeration ef-
fect on urban development. Because of the im-
proper development of surrounding land, the
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passenger flow volume in some remote sites is
scarce. The utilization of the site is not high, and
there is no new attraction. Therefore, it is neces-
sary to fully explore the location and character-
istic advantages of different sites, make reason-
able use of its surrounding resources, and realize
the benign interaction between the site and sur-
rounding resources. For different station do-
mains, to strengthen the mixed use of land
around the site, and gradually achieve urban
public transport priority development in the pro-
cess of urban development, improve the traffic
problem, make coordinated development of ur-
ban land development and traffic system con-
struction.
As the capital and cosmopolitan metropolis of China,
the development of Beijing is faced with the above
situation. With the rapid development of suburbani-
zation in Beijing, the problem of spatial distribution
imbalance is prominent. The urban traffic pressure
is huge, which seriously disturbs the sustainable de-
velopment of Beijing (Jian and Yixing, 2004).
Fanyu and Wenbin (2007) proposed the "tidal" phe-
nomenon of residents' commuting trips is obvious,
and the "centripetal” traffic in the early peak ac-
counts for more than the total amount of transporta-
tion. Chmielewski et al. (Chmielewski and
Szczuraszek, 2004; Jacyna, 1999) proposed the
rapid development of rail transit which can solve the
passengers streams in public transportation systems
and cargo streams in transportation systems will
gradually become the main force of Beijing trans-
portation. In this paper, qualitative and quantitative
methods are both used to study. Tuansheng (2007)
put forward according to the characteristics of the
urban area of Beijing rail transit along the repre-
sentative sample area for related data collection, on
the basis of statistical analysis, analysis of urban rail
transit network development impact on urban resi-
dents' travel choice, based on the software to de-
scribe residents' travel characteristics.

2. Binary choice model

The distribution of large numbers of people in rail
transit station provides a source of development vi-
tality for the region, urban areas centered on rail
transit stations has become an important develop-
ment area of the city, no matter from capacity, layout,
or public space organization have the particularity as
Jacyna et al. (Jacyna, 2009; Yuan, Wu, Feng, et al.,

2014; Zochowska and Karon, 2016) mentioned.
Through the quantitative analysis method and the
model construction, expect the quantitative analysis
method with big data opening as prospect can be
support tools for planning prediction and rational de-
cision making, make the affinity of people's daily
travel and activities become important principles
and the basis for building sustainable cities. This
model mainly studies the influence of objective con-
ditions and subjective conditions on residents'
choice of rail transit. Model based on the results of
the survey and combine with the basic theory, com-
prehensive consideration about the factors that affect
the choice of rail transit travel, prevent the problems
that due to the lack of explanatory variables caused
by the main factors influencing the residents' travel
choice regression results appear too high or too low
estimation. Because the model is explained in the
variable is a binary choice, namely whether people
choose rail transit travel, so set the binary choice
model, because people often choose the way to
travel is for the sake of utility maximization angle,
so use the binary Logit choice model of binary
choice model.

2.1. Utility model of binary choice

In classical models, explanatory variables are usu-
ally assumed to be continuous variables. However,
it is often faced with a number of decision issues, or
choice issues, that people must choose among the
options available. With such decision results as the
model established by interpreted variables, it is
called discrete variable data model, or discrete selec-
tion model. If there are only two alternatives to an
explanatory variable, it is called a binary choice
model. Therefore, for modelling of the residents'
travel choice that takes into account in urban trans-
portation systems the following description is re-
quired (Ambroziak and Jacyna, 2002; Jacyna, 2009;
COM, 2007)

In order to make the study of binary choice problem
possible, firstly we must establish a stochastic utility
model. Set U' . U; as the probability of the first

choice result (y=1, . y=0.) of the first indi-

vidual i, that is, the effect of various property vari-
ables of the individual on the selection result. The
utility is unobservable, and the observed value we
can get is still the selection result, which is 1 and 0.
But obviously, when the utility value isU! > U,



22

Cai, Z., Yan, J.,
Archives of Transport, 47(3), 19-27, 2018

that corresponds to the observed value y =1; In con-
trast, when the utility value isU; < U?, it corre-
sponds to the observed value y=0. y; , X,, B, 1 ,

respectively explained variables and explanatory
variables, estimated parameters and random error
terms for the model. The probability of individual
selection is:

P(y, =1)=P(y; >0)=P(f >-X,B) )

2.2. Maximum likelihood estimation

If the utility model of binary choice can be estimated,

a particular probability distribution must be selected
for 4 . The two most commonly used distributions
are standard normal distribution and logistic distri-
bution, so two of the most commonly used binary
choice models - Probit model and Logit model - are
formed. Whether it's a standard normal distribution
or a Logistic distribution, they're symmetric. The
likelihood function of the utility model of binary
choice is:

L-T [RGB a-FXB)™ @

The first order condition of logarithmic likelihood
function is:

olnL
oB

S SRR = CRLI

(1 F)

f, is the probability density function. Obviously,
with the support of the sample data, if the logical

probability distribution function F(t):l 1 — and
+e
—t
the probability density function f(t) = 6742 are
d+e™)

known, the model parameter estimation can be ob-
tained by solving the system.

2.3. Binary Logit selection model and parameter
estimation
The Logit model is derived by using the logistic dis-

tribution as the probability distribution of u,”in the
utility model of binary choice. If the choice is made

according to the utility maximization, the logical
distribution with the limit value is a better choice. In
this case, the binary choice model should adopt the
Logit model. Logit model based on Logistic proba-
bility distribution function:

1
1+ ef(X.Bw.)

:F(yi*):F(XiB_'_#i): (4)

For a given X, , p, is the probability that the corre-

sponding individual makes a certain choice.
0<p, <1, and when p; in the condition of

X — 1o, the change is slower and slower.

For the binary logit selection model, the model pa-
rameters can be estimated using maximum likeli-
hood method. Likelihood function:

L(B)= P(ylv yzv"'yN) = P(y1)P(yz) P(yN)
=P pn(l_ pn+1)"'(1_ pN) (5)
= H P, H @-p)

The logarithmic likelihood function is:

InL(B) = ZIn p, + z In@- p,) (6)

i=n+l

The partial derivative b, of the above equation is

obtained, and it is 0, and the maximum likelihood
estimator b, can be obtained by solving the system.

In the actual calculation, we can use professional
econometric software (such as stata) to return the bi-
nary Logit selection model to obtain the parameter
estimation.

2.4. Significance test of regression parameters

In order to better explain the influence of subjective
factors and objective factors on the choice of rail
transit travel, multiple linear regression models can
be established to find out the relationship between
travel conditions and various factors. Due to the lim-
ited number of samples in the survey, the conclusion
is unstable, so in multiple linear regression analysis,
if we can prove that an independent variables xi to y
the linear relationship was not significant, we can re-
move the arguments xi from the regression equation,
to establish the regression equation, can improve the
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whole model of optimal benign. In multiple linear
regression, the regression equation of each inde-
pendent variable on the dependent variable does not
mean that significantly impact is significant, so need
to each factor, including constant term significance
test (t test), at the same time, the variance expan-
sion factor VIF is used to judge whether there is mul-
tiple collinear in the model.

If the variance expansion factor VIF>10, the inde-
pendent variables in the model have a high degree of
co-linearity, that is, the self-correlation between the
independent variables is strong, and the independent
variables need to be examined and eliminated. t test
shows that the influence of constants and their vari-
ables on the dependent variable is significant, the
common linear test shows that there is no multiple
collinear problem between each variable, then the
equation is established.

(1) Put forward the original hypothesis H,: 8 =0;

The alternative hypothesis H,: 5 #0.

(2) Structural statistic t = PP,
S(B

\When g =0is

formed, the statistic t= ﬂl ~t(n-k-1) .
S(8)

S([3i)=&(/§i)=,}cnsj is the standard devia-

[

tion of B : S2=
ﬂl e n—k—l

; k is explanatory

variable.

(3) Given significant level to « , check t distribu-

tion table that the degree of freedomof n—k -1,
get the critical value t (n—k-1).

(4) If [t >t,(n—k—1), then refused to H,: 3 =0,
accept H,: 3 =0, the idea that S signifi-
cantly to zero.

3. Site attraction area calculation method

Residents use shuttle transportation rail transporta-
tion can be divided into two categories, one kind is
walking directly into the rail transit system, the other
is a mode of transport other than by walking to rail
transit system. Whether or not the traveler chooses

rail transit is largely determined by the ease with
which the traveler arrives at the site. Site attraction
area is the acceptable area for travelers to reach the
rail transit site by some means of transportation, in
the study of Jingshuai and Dianye (2008) which can
be divided into walking attraction area and traffic at-
traction area.

The short distance travel often chooses the dense
block, to walk primarily. Middle distance travel gen-
erally needs to go through a few blocks, mainly by
bicycle, so the road connecting with the block is pre-
ferred. Long-distance travel is mainly for motor ve-
hicles, and urban expressway is the first choice.
Therefore, it can be used to express the accessibility
value of the analysis radius of 500m, 2000m and
5000m respectively by means of pedestrian network,
bicycle network and motor vehicle network respec-
tively. Through the analysis of the relationship be-
tween traffic network and traffic flow distribution in
rail transit station, found that more than 70% of the
rail in passenger traffic is determined by the acces-
sibility of rail system, more than 60% of the motor
vehicle flow influenced by road accessibility, while
50% of road traffic by rail transit accessibility and
decide together walking accessibility.

The index that measures the attraction area of the
site is the weighted attraction distance under the
common action of various modes of transportation.
Due to the difference of road network structure, the
distance of the transport is generally greater than the
straight distance from the point of departure to the
station. In general, the rail transit station surround-
ing road network structure for the grid layout or a
diagonal channel grid layout, under the assumption
that the direction of travel is under the same propor-
tion of two kinds of grid layout of the conversion
coefficient calculation as follows.

L means the distance from the site , Z is the con-
version coefficient .The weighted average transport
distance of the station is:

Ltransport = z pi x Ii (7)
i=1

In the above equation, L. is the weighted aver-
age distance of the station, p; is the sharing rate of
all kinds of transportation connections, and | is the
average connection distance of the connection mode.
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The station weighted average distance L. and

the commutation coefficient Z can calculate the rea-
sonable attraction area of the station L (the

attraction
linear distance between the place of residence and
the station) is as follows:

Lattraction = L[ranspon xZ (8)

4. Residents' rail transit travel choice model
samples and regression results
The Interpreted variable Y in the model are the peo-

ple's choice, y =1 means using the rail transit to
travel, y =0 means not the rail transit. As shown in

Fig.1, the passenger volume and passenger flow in-
tensity of 18 lines in Beijing. Explanatory variables

x mean factors will respectively influence whether
the residents choose rail transportation (whether y is

equal to 1), each factor influences the utility of rail
travel but does not directly determine whether resi-
dents choose rail transportation, such as scale factors
(population, housing and employment, etc.), density
factors (population density, the density of land use,
etc.), design factors (block space, business services,
etc.), layout factors (urban structure, land use struc-
ture, etc.). On the basis of relevant scholars, itis con-
cluded that land use density is the main factor affect-
ing urban traffic. With the increase of land use den-
sity, the number of traffic trips will be reduced, but
the decrease of travel speed may lead to the increase
of travel distance. And the degree of land mixing has
a weak effect on the type of transportation. In addi-
tion, the change of land use density has a profound
impact on traffic flow. Under the influence of decen-
tralization, Degang et al.(2005) investigated the
probability of residents choosing public transporta-
tion is reduced from 61% to 46%. The feedback loop
mechanism of land use and transportation is often
used to explain the dynamic relationship between
land use, transportation facilities and accessibility
changes. Because different land properties have dif-
ferent requirements for accessibility, the transporta-
tion system can adapt to the functional layout and
development intensity by changing the network lay-
out or increasing or decreasing the traffic facilities.
The change of traffic facilities brings about the
change of accessibility pattern, thus changing the
distribution mode of user activity and the value of

land, and thus affecting the further decision of inves-
tors on land use. This cycle continuously until the
three balance or intervention with external factors,
generally speaking, the new traffic facilities can
bring immediate accessibility change, but the acces-
sibility of the impact of land use has a relatively long
time lag effect, so the feedback loop mechanism of
land-traffic-accessibility usually need a long time to
reach equilibrium.

When the effect of all kinds of factors is more than
zero, residents will decide to choose rail transporta-
tion, namely y =1; When the effect of all factors is
less than 0, the residents will not choose the rail
transit, namely y =0 . Therefore, there is no linear

relationship between the influence factors and y is 0

or 1, but there is a linear relation between the influ-
ence factors and the utility of rail transportation, and

the last option is determined by the utility y~ of the

positive and negative, can build the following rela-
tions:

y*:ao+a,1X1+a2X2+a3X3+a4X4+a5X5+a6X6+
87X +8gXg + 89Xy + AyoXyg + 8y Xy +ApX, +
BuaXig + By Xy + BueXig + Ay (%) + 8y (%) +

+ayg (%) + 4 (%,)" +V;

©)

Among them, v, obey Logisic distribution, when

y'>0,y=1;when y <0,y=0. Therefore, the
probability of residents choose traveling by rail:

P(y=1|x)=P(y" >0|x)=P(v, >-Xa) = (10)
=1-F(-Xa)=F(Xa)

Among them, X =[x,X,,---X,] a=[a,a,,---a,]

The maximum likelihood method is used to obtain
the coefficient size, and the regression coefficient
can be obtained by the maximum likelihood estima-

tion. The coefficient a of the initial regression is the
impact size of x to y~, and the marginal impact b
that x to P(y=1) is also calculated. The model
can be written as:
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P(y =1) =b, +bx, +b,x, +b,x, +b,x, +
b5X5 + bBXG + b7X7 + b8X8 + bQXQ + b10X10 +
bllxll + blZX].Z + b13X13 + bl4X14 + b15X15 +
b (%) 17 (%) +135 (X6)” + By (,)°

(11)

As shown in Fig.2, the coefficient of residents'rail
transit travel choice. After obtaining the regression
results of the model, the regression degree of the
model needs to be judged, and the accuracy rate is
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tested in this paper. The accuracy rate refers to the
result of regression, which brings each sample data

into the regression model, calculates whether Yy is 1,

and then compares it with the actual observation
value, so as to judge the accuracy rate of the predic-
tion. Regression analysis was performed on all in-
fluencing factors using total sample travel data, and
the regression results were obtained.The predictive
accuracy rate of this model is 94.05%.
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5. Discussion and conclusion

Based on the binary choice model, this paper estab-
lishes the model of the choice of the residents' rail
transit, and analyzes whether the residents choose
the rail transit. The overall prediction accuracy is
high, which indicates that the model setting and con-
sidering factors are in line with the reality. The
closer the place of residence or workplace is to the
rail transit station, the more likely it is to travel by
rail. If the residents have to transfer to get to the des-
tination, the more times, the greater the probability
that the residents will choose the rail transit. The
commuting consumption and the distance between
work and residence, and rail travel is in parabolic re-
lation. This paper mainly from the angle of the micro
analysis of various factors on the influence of the
residents' travel choice, analyze from the density of
land use, social and economic attributes of the indi-
vidual citizens, commuter travel condition and land
use structure, etc. Further research could analyze
comprehensively by adding policy guiding, resi-
dents factors such as social ideology and the nature
of urban land use, with application in regional pop-
ulation forecast, population distribution along the
rail traffic prediction, rail transit passenger flow
forecast, etc. The establishment and development of
the public transport system of rail transit will inevi-
tably have an important influence on the structure of
urban traffic. Rail transit has outstanding advantages
that other modes of transportation do not have, and
can synchronize with the development of the urban
population and urban scale. It is a good way to con-
nect with other flow points and guide urban layout
adjustment. The construction of high-density rail
transit network is one of the most effective ways to
solve the problem of urban traffic congestion.

The spatial structure of urban layout in Beijing has
gone through the process from centralization to
sprawl, rail transport as the main body of public pas-
senger transport system will play an irreplaceable
role in the new round of urban space development
and industrial layout adjustment, and become the
residents travel mode choice important influencing
factors that cannot be ignored. China's urban traffic
should gradually realize the priority development of
public transport, the mixed-use of urban land use,
the coordinated development of urban transportation
and land use. Gradually adjust the spatial structure
of the city, establish a comprehensive transportation

system with public transportation as the core, and in-
tegrate urban spatial layout and resource allocation,
clear the development direction of urban transporta-
tion based on rail transit, form a new urban space
structure and new city construction development
mode with rail transit as the axis, it will become an
important issue to promote the sustainable develop-
ment of Beijing.
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