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Abstract Under the background of the rapid development

of urban rail transit in China, the development demand of

urban underground space has also greatly increased espe-

cially in the rail transit station areas. In this paper, tak-

ing the high-speed railway station area of Xuzhou Metro

Line 1 as an example, the underground space development

demand evaluation is conducted by considering the prin-

ciple of urban underground space stock planning, the local

underground space development conditions, as well as the

special planning of the local urban constructions. Using the

Analytic Hierarchy Process (AHP), a specific weight

indicator scale is employed after the rationality of different

weight indicator scales being compared. And then the

weight indicator of different function types, i.e., commer-

cial, parking, road, etc., are calculated and laterly utilized

to forecast the recent development demand of underground

space in the station area. Moreover, the steps to forecast the

underground space development demand in rail transit

station area are proposed, which can provide a reference

for the forecasting of underground space development

demand in the urban rail transit station areas.

Keywords Urban rail transit � Underground space �
Development demand � Forecast

1 Introduction

From the perspective of the whole city, the underground

space is an important part of the whole urban space; in the

form of an organic extension of the upper space, the two

together constitute an integrated urban spatial entity. From

the characteristics of underground space, it has the devel-

opment of the irreversible, and it is often difficult to

transform and adjust, and it will also form a significant

impact on the surrounding and subsequent development.

Therefore, with respect to the ground space, underground

space development needs forward-looking forecasting to

make a scientific, rational, orderly, modest development.

1.1 Urban Underground Space Development

Demand

Urban underground space (UUS) is a valuable non-re-

newable resource, which needs careful consideration in

urban planning. The development of underground space

can promote and optimize the planning of land use, realize

the diversification of urban functions, guarantee the supply

of public utilities, enrich the social life, and contribute to

the sustainable development of the city [1, 3]. Scientific

and rational underground space development needs to

implement demand forecasting ahead of time and gives

priority to UUS’s service types and expected functions, as

well as the correlation between infrastructure’s expected

functions and ground space [2]. In order to achieve the

sustainable development of urban underground space, it is

very important to determine the amount of urban
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underground space development. However, due to the

complexity and variability of UUS quantifiable information

as the basis for the forecasting of the development volume,

the forecast of the UUS development demand is still a

challenging task. Li et al. [1, 3] took Nanjing Xinjiekou

commercial center as an example to determine the UUS’s

demand and development factors through quantitative and

comparative research. Zhao and Wu [4] took Xicheng

District of Beijing as an example to sort out and refine the

main factors affecting the development and utilization of

underground space in urban central area from two aspects

of supply and demand. Moreover, through the establish-

ment of a classification index and quantitative assessment

model, the quantitative evaluation of the development

potential of underground space development was carried

out in the land block as a unit. Xia et al. [5] used a fore-

casting model to evaluate the potential of 3D space

development in Chinese cities to determine and assess the

suitability, economic feasibility, and landscape visibility of

land use, and assist urban planners in formalizing urban

underground space. He et al. [6] used the multiple regres-

sion analysis of the Box–Cox transformation to build a

forecast model to evaluate the demand of urban under-

ground space, and the research results showed that both

population density and per capita GDP have independent

forward-forecasting ability for UUS development density.

Therefore, it can be seen that the quantitative research on

the development demand of urban underground space is

more and more important for the stock planning and sci-

entific development of today’s cities.

1.2 Underground Space Development in Urban Rail

Transit Station Area

The planning and development of urban underground space

are closely related to the construction of urban rail transit.

Generally, urban rail transit stations are chosen to be built

in the center and subcentral area of the city, with the

function of connecting each city block and forming the

urban underground space skeleton. Therefore, as the core

of urban public transport, urban rail transit can be used as

the basis for the development and utilization of urban

underground space. Moreover, the construction of rail

transit stations can also bring opportunities for the efficient

and economical use of land resources for the development

of urban underground space [7]. As early as the beginning

of 1990s, Guangzhou began to carry out large-scale urban

rail transit construction and paid great attention to the

development of underground space in the surrounding

areas. In order to make full use of the multi-function of

underground space, a systematic development pattern has

been formed, which is based on urban rail transit stations,

supplemented by underground space development such as

underground civil air defense works, underground com-

merce, underground parking, underground evacuation

channels, and utility tunnel [8]. Song et al. [9] combined

engineering projects in Beijing, Shanghai, and Shenzhen to

analyze the necessity and feasibility of urban rail transit in

driving the development of underground space, and pointed

out that the scale of underground space development is a

key research topic for underground space development in

future rail transit station areas. Xiao et al. [10] in their

research on the large-scale development and utilization of

underground space for urban rail transit specifically poin-

ted out that the structural space constructed by saving

engineering investment and intensively using resources

replaced traditional earthwork backfilling. As well as the

underground space above the subway station platform or on

the same floor as the station hall due to the need for deep

excavation required by the subway construction method, it

is located between the main body of the station and the

surrounding buildings, the municipal road or the green

space, and the comprehensive underground space with

parking, connectivity, or commercial functions belongs to

the scale of the underground space in the urban rail transit

station area. Guo and Wang [11] analyzed the factors

affecting the surrounding space environment factors of

Beijing Metro Line 13 and considered that from a range

point of view, the urban space around the rail transit station

generally refers to the range of the station as the center

radius 500–600 m or adjacent neighborhood. According to

their location and functional categories of the city, they are

divided into four types: hub space, public center space,

residential space, and urban edge space. Nie and Wang [12]

discussed the combined mode of rail transit and urban land,

used planning, and pointed out that rail stations have great

influence on the development of underground space.

According to the different influences of the rail transit key

stations, general stations and their hinterland and light rail

stations on the development demand, the corresponding

underground space influences are also different. Among

them, the underground space of the key stations has an

impact scope of about 500 m, and for the other three types

of stations, the scope of influence of underground space

diminishes in turn.

However, the development of the area around of the rail

transit station is mainly based on the use of rail transport

capacity and the 1-h commuter characteristics, which make

the urban land-use development to produce aggregated

effects. This usually uses the station as the center of the

circle to form a concentric land development model with

high- and low-intensity changes. It is connected to the rail

stations and overall coordinated development with each

other. This model will inevitably drive the development

and construction of supporting facilities such as residential

areas, commercial and municipal areas around the station.
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With the blowout development of China’s urban rail transit

construction, the demand for underground space develop-

ment in the station area is increasing. Combining with the

above literature analysis, it can be seen that the research on

the underground space development demand forecast in the

rail transit station area is indispensable at the quantitative

planning level.

2 Demand Influence Factors and Research
Methods

2.1 Demand Forecast Influence Factors Analysis

The investment scale of underground space development is

larger than that of the same area space above ground, and

the construction period is long and the funds return slowly.

Therefore, when the underground space is to be developed,

many factors determining the development of forecasting

are essential in the early stage.

After investigation and research of the demand fore-

casting for underground space in many cities, combined

with the concrete conditions of rail transit construction, two

kinds of factors affecting the demand forecasting of

underground space development in rail transit station area

are proposed in Table 1.

The demand forecast influence factors have the fol-

lowing characteristics: (1) There are many factors that

affect the development demand forecasting of underground

space in the rail transit station area, and some factors

cannot be quantified. (2) These factors are not independent

of each other, the interaction and mutual restraint ex-

ist between some factors. (3) The demand forecasting of

underground space development is a dynamic process in

rail transit station area, and it should be adjusted along with

the changes in the social, economic, and policies aspects of

the city. (4) While optimizing transport infrastructure,

attracting large crowds of people, improving the area’s

environment, its efficiency also will be improved, but also

counterproductive in the development and construction of

the ground space.

2.2 Underground Space Demand Forecasting

Method

Chen et al. [13] through the analogy analysis of the

development intensity of the 10 cities first implemented the

construction of underground space and used the internal

and external variable data contrast and the experience

checking method to make a forecast and analysis of the

underground space function demand of the Wang Jiadun

Business District in the downtown area of Wuhan. As a

result, it was found that the total amount of underground

space developed can only be used as a reference value for

the demand forecast of underground space due to different

factors such as location conditions and rail transit modes of

various types of land use. Dong [14] pointed out that the

demand for underground space should be forecasted and

controlled on the basis of various related special plans,

such as subway construction demand planning, infrastruc-

ture network planning, and underground parking planning.

Chen et al. [15] used the method of expert empirical

evaluation of the intensity of underground space con-

struction in their forecasting of urban underground space

demand. Then, they calculated the underground space

demand of each block according to the area and the

underground volume ratio of each block, and corrected it

with the current development volume of the underground

space. Furthermore, the importance of land location divi-

sion and land-use property classification was emphasized.

Gou et al. [16] contrasted and analyzed the existing three

methods for forecasting the underground space demand of

subindexes, subsystems, and subdivisions in four aspects:

systematicity, subjectivity, adaptability, and limitations. It

was pointed out that the development and utilization of

underground space need to be carried out in stages as the

city develops. The forecast results of underground space

demand in a certain period of the city should leave room

for long-term development. Cao and Feng [17] used the

aboveground and underground coordination coefficients of

the three functions of parking, civil defense, and commerce

to correlate and couple the construction amount of urban

land use in order to forecast and calculate the construction

amount of urban underground space development. Then,

they corrected the forecast results with the related special

planning, mainly focusing on the demand forecast of the

Table 1 Affecting factors of

the demand forecasting of

underground space development

Driving factors Construction factors

Social development Project cost

Environmental pollution Construction technology

Municipal and transportation infrastructure Geological conditions

Urban disaster prevention and mitigation Existing environment

Some other special facilities –
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overall scale of underground space development in the

central urban area of the city. Zhao et al. [18] used the

reference analogy method (referring to the more mature

development scale experience value of other cities in China

to forecast the scale of underground space development in

urban key areas) and the classification and comprehensive

calculation methods (the underground space of the entire

city or area is divided into major functional components,

and the total amount of underground space demand in a

certain period is calculated according to the ratio of func-

tions and per capita demand), and combined with the

established index system of hierarchical control elements.

The development control idea of underground space in

combination with regulatory planning in key urban areas

was explored. Zou et al. [19] used the demand forecasting

method of underground space land and classification to

divide urban land into four categories of residential, public,

industrial, and warehousing logistics. According to the

survey data of underground space development in certain

cities in China, the proportion of ground and underground

development of various land types was determined. Then

combined with the construction conditions on the ground

of the downtown in Danyang city, they forecasted the

development demand of underground space and pointed

out in the conclusion that the development and utilization

plan methods for underground space in small- and med-

ium-sized cities should be guided by the overall develop-

ment demand of urban space. Gu et al. [20] through

comparative analysis of the current three urban under-

ground space prediction methods and their characteristics

at home and abroad, including per capita demand, sub-

systems, and demand intensity, proposed a comprehensive

forecasting method that combines the characteristics of

multiple forecasting methods based on the actual condi-

tions of the forecasted area. The new method can qualita-

tively correct the demand for multiple forecasting methods

and rationally select a scientific demand value. In their case

study, the authors found that the urban space with the

subway line as the axis led to the increase in the demand

intensity of the land use along the line, and pointed out that

the development of urban underground space could seize

the opportunity of subway construction.

Above mentioned research showed that the current

demand forecast for underground space development con-

tains two levels, i.e., one is the forecast of the total demand

for underground space development in the station area, and

the other is the demand forecast of various functional types

for underground space development in the station area.

Moreover, the current forecasting methods are roughly

divided into three categories: the first class method

includes reference analogy, per capita demand, subindex;

the second class method includes dynamic balance, coor-

dination coefficient association coupling, subsystem; the

third class method includes empirical checking, construc-

tion intensity expert valuation, zoning. Problems and

characteristics of the above forecasting methods are shown

in Table 2.

The above six methods are basically the forecast of the

total amount of macro-development of the urban under-

ground space, and it is difficult to get the demand for the

underground space development and construction of the

concrete rail transit site. Therefore, we should use special

planning as supplementary to control and correct the pre-

diction, and the final prediction results can be used to guide

the construction of underground space in specific areas. To

this end, this paper puts forward the steps and principles for

the forecasting of underground space development demand

in rail transit station area: (1) fully combining special

planning to forecast, (2) considering location factors, (3)

the land function prediction, (4) compliance with the urban

development and construction planning of the government

institution, (5) the use of subject–objective combination of

analytic hierarchy process to calculate index weights, (6) in

order to meet the underground space demand of each

functional land in different development periods, and the

forecast results should conform to the stock planning

principles.

2.3 Analytic Hierarchy Process

Analytic hierarchy process can be used as a professional

method for the analysis and evaluation of overall planning.

It has been applied by scholars to analyze and evaluate

their related professional issues in many fields, including

the demand for urban underground space development. To

comprehensively evaluate of the feasibility of underground

space demonstration projects, Yin et al. [21] through ana-

lysing the indicators of various influencing factors used the

improved AHP method to distinguish the weight differ-

ences of different indicators, and a scientific rational and

operable evaluation method is put forward on the basis of

the comprehensive consideration of the various factors.

Zhou et al. [22] used the hybrid analytic hierarchy process

(AHP) to assess the relationship between tourism com-

petitiveness based on West Virginia resources and neigh-

boring states. Singh and Nachtnebel [23] used the analytic

hierarchy process (AHP) developed by Saaty to analyze the

implementation of hydropower in Nepal over the past few

decades, and to make recommendations for the most suit-

able scale for Nepal’s hydropower development.

However, the research on the AHP itself is mainly

focused on the research of the digital scale system and the

improvement of traditional methods. Du [24] discussed the

scale of 0.1*0.9 and pointed out that the scale of 0.1*0.9

is a simple and practical judgment criterion which is more

in line with the Chinese thinking habit. The clever
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mathematical transformation of the judgment matrix based

on this scale can solve the consistency problem of AHP. Lu

et al. [25] made a comprehensive comparison analysis

between the two most commonly used exponential scale

and 1*9 scale, which proved the incompatibility between

the two scales. It is pointed out that the 1*9 scale may

lead to the error of decision results, and the exponential

scale is a conclusion that a good result is reliable. In view

of the various digital scales commonly used in AHP, Xiong

et al. [26] pointed out the incompatibility between the

expert language description and the digital scale and pro-

posed that the selection and evaluation of digital scale

should be based on the degree of coincidence with the

natural language description. Then based on reasonable

linguistic logic assumptions, a general evaluation method

was given, so that the decision maker can choose the

appropriate digital scale for decision making in practical

applications. Against these existing problems of 1*9 scale

in analytic hierarchy process, the exponential scale and

corresponding random consistency test indicators were

Table 2 Problems and characteristics of forecasting methods

Characteristics and
Existing Problems

Forecasting Methods Comprehensive Analysis

It is not suitable to be used as a 
specific index of development and 
control.

The population forecast itself is also 
a kind of estimation value, and with 
many uncertain factors.

It is easy to ignore the connection 
between different functions of 
underground space.

It mainly focuses on the demand 
forecast of the overall scale of 
underground space development in
urban center.

The result of demand forecast is 
subjective and objective quantitative 
forecasting is not enough, which 
leads to deviation of forecast results.

The results can only serve as a 
reference value for underground 
space demand forecasting, and the 
guidance of specific development 
and construction is not high.

Reference Analogy

Per Capita Demand 

Subsystem 
Forecasting

Coordination 
Coefficient 
Correlation 
Coupling

Construction
Intensity Expert

Valuation

Empirical Checking

①① The per capita demand 
method, the construction 
intensity expert valuation 

method, and the subsystem 
forecast method are all 
complementary to the 

functional insufficiency of the 
above ground space. The 
urban ground space and 

underground space have not 
yet been studied as a whole. 

And it is easy to overlook the 
links with the Urban's master 

plan;
②② Reference analogy method, 

coordination coefficient
correlation coupling method, 

empirical verification method, 
etc. are all forecast for the 

total demand of underground 
space. The practical guidance 
significance in the application 

of specific development 
projects is far less than the 

land use demand forecast of
each functional type for 

underground space.
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introduced by some scholars according to Weber–Fechner

law in psychology and applied it to the evaluation of bridge

technology [27]. Dong et al. [28] corrected the misunder-

standing of the relationship between 1 and 9 scale and

exponential scale, and pointed out the irrationality of the

current consistency improvement method. The method of

adjusting the consistency of the 1*9 scale judgment

matrix was extended to the exponential scale judgment

matrix, and a new consistency adjustment method based on

the sensory judgment matrix was proposed. Yan et al. [29]

applied the scale method of 9 degree and 0.618 in AHP to

construct judgment matrix. Moreover, the survey data of

the national public meteorological service satisfaction in

2010 and 2011 were evaluated. After comparing and ana-

lyzing of the main evaluation indicators for 2 years, it is

found that when the weight coefficients of all levels were

calculated with two different scale methods, the calculation

results of the two were relatively close, but the lower the

order of the judgment matrix is, the smaller the difference

between the two. Moreover, as the order of judgment

matrix increases, the difference showed a rising tendency.

AHP is used as an auxiliary method for forecasting

urban underground space development demand, although

the amount of demand can be calculated quantitatively, but

the problem of the rationality of the scope of its own

evaluation scale should not be ignored. It is known from

the above literature that, in AHP, the 1*9 scaling method

proposed by T.L. Saaty is commonly used, but through a

lot of domestic and foreign research and the use of effects

that can be found, there are some defects in the traditional

AHP 1*9 scale, the evaluation results easily lead to

appear in reverse order, judgment matrix, thinking out of

consistency, and so on problems. Therefore, many

researchers have studied the scale and proposed some new

scale methods, For example, abroad: 1*5 scale, 1*15

scale, x2 scale,
ffiffiffi

x
p

scale, etc., domestic: 9/9*9/1 scale,

10/10*18/2 scale, an scale, 9k/9 scale, etc. Therefore,

before establishing judgment matrix and calculating

weight, we need to consider the problem of selected scale,

and it is necessary to carry out the weight difference

comparison and analysis of various scales.

3 The Development Demand Forecasting
of Underground Space in Station Area

This study believes that the principles of demand forecasting

should give full consideration to the ground and underground

space coordinated development characteristics, in order to

make the reasonable configuration and coordination and create

a comprehensive sustainable development of urban space.

The station area of underground space development

should not only adapt to the requirements of the overall

urban development, but also meet its short-term and long-

term development rules, in order to realize the reasonable

development and the stock of the planning.

According to the sustainable development rules of the

short term and long term, the development demand fore-

casting of the underground space in the rail transit station

can be divided into two stages:

1. The overall demand forecasting for each land function

type of underground space development in the rail

transit station area;

2. The basic demand forecasting for each land function

type of underground space development in the rail

transit station area.

3.1 The Overall Demand Forecasting for Each Land

Function Type of Underground Space

Development in the Rail Transit Station Area

To make this underground space demand forecasting more

scientific and reasonable, based on the ‘‘Urban land clas-

sification and planning construction land standards’’

(GB50137-2011) (as shown in Table 3) and other national

standards and index and goals (sees in Table 4), according

to the actual construction situation, we then determine the

forecasting indicators.

Since the actual urban development and construction

need to implement in different stages, the demand forecast

of underground space development in the rail transit station

area is not a one-time construction completion; moreover,

along with the development of science technology and

renewal of urban construction concept, the development

Table 3 Structure of urban

construction land
Land title Proportion of urban construction land (%)

Residential land 25.0*40.0

Public administration and service land 5.0*8.0

Industrial land 15.0*30.0

Roads and transportation facilities land 10.0*25.0

Green and square land 10.0*15.0
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and construction process will also undergo some adjust-

ments in the future. Hence, the demand forecast must take

into account the sustainable development of cities; the

development and construction of urban underground space

also need to give some allowance to the future construc-

tion. In this study, the calculated value of development

demand for the near term should be part of the total

demand for urban sustainable development and construc-

tion, and we used dr to represent the ratio of recent

development demand. Therefore, the total development

demand for each functional type of underground space in

the rail transit station area can be obtained by multiplying

the per capita value of urban sustainable development

evaluation indicators by the number of planned regional

populations, and then adjusting the appropriate develop-

ment ratio.

3.1.1 Underground Road Demand Forecast in Station

Area

Sur ¼ dr � hr � P � Ar

In the formula: Sur represents the underground road demand

acreage in the forecast station area; hr represents the ratio of

underground road account for the total road acreage in the

forecasted station area (the value can be determined by

referring to the construction experience of similar cities at

home and abroad, as well as the specific conditions of the

forecast station area); P represents the total population of

future planning year in the forecasted station area (the value

can be determined according to the statistical yearbook and

regulatory plan, etc.);Ar represents the land-use indicators of

the selected per capita road acreage.

3.1.2 Underground Parking Demand Forecast in Station

Area

Sup ¼ dr � hp � P � ðacbcAc þ bbAbÞ þ Sus

In the formula: Sup represents underground parking demand

acreage in the forecast station area; dr represents the ratio

of recent development demand; hp represents the ratio of

underground parking account for the total parking acreage

in the forecasted station area (the value can refer to the

construction experience of cities at home and abroad; urban

central areas are generally between 80 and 90%, slightly

lower in the non-central area and related to the type of

building; the ratio of commercial land is higher than that of

residential land; in addition, the actual situation in the

forecasted station area should be considered, and the larger

value is selected as far as possible.); P represents the total

population of future planning year in the forecasted station

area; ac represents the ratio of commercial land, etc.,

accounting for the construction land (the value can refer to

the relevant regulations of planning construction land

structure ratio based on the ‘‘Urban land classification and

planning construction land standards’’ (GB50137-2011).

Please see Table 3, and it can be determined by combining

with the master plan of the forecast station area), bc rep-
resents the parking space allocation indicators of com-

mercial land; bb represents the parking space allocation

indicators of residential land (these two values can be

comprehensively determined by the parking facilities set-

ting standards or criteria of the city in which it is located);

Ac represents the selected indicator of per capita con-

struction land acreage, Ab represents the selected indicator

of per capita building acreage; Sus represents underground

parking demand acreage for primary and secondary schools

in the forecasted station area.

3.1.3 Underground Commercial and Entertainment

Demand Forecast in Station Area

Suc ¼ dr � hc � ac � P � Ac

In the formula: Suc represents the underground commercial

and entertainment demand acreage in forecasted station

area; dr represents the ratio of recent development demand;

hc represents the ratio of underground commercial and

entertainment account for the total commercial and enter-

tainment acreage in the forecasted station area (the value

Table 4 Forecasting indicators of station area land types

No. Land title Explanation

(1) Commercial land Construction land area per capita (110 m2, National planning level IV standard, represented by Ac)

(2) Municipal land The same as (1)

(3) Residential land Per capita floor area (35 m2, 2020 National Society housing target, represented by Ab)

(4) Intercity transportation land Road area per capita (C 13 m2, twenty-first-century China City quantitative index, represented by Ar)

(5) Roads and squares land The same as (4)

(6) Green land Per capita public green area (11 m2, the urban greening long-term goals in China, represented by Ag)

(7) Water and other land The same as (6)

(8) Recent demand development

ratio

(The value can be determined according to the concrete development plan of the city construction,

represented by dr)
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can be determined by referring to the construction experi-

ence of cities at home and abroad, such as Beijing,

Shanghai, and Tokyo, as well as the specific situation of the

forecasted areas); ac represents the ratio of commercial and

entertainment land in the construction land; P represents

the total population of future planning year in the fore-

casted station area; Ac represents the selected indicator of

per capita construction land acreage.

3.2 The Basic Demand Forecasting for Each

Function Type of Underground Space

Development in the Rail Transit Station Area

Before forecasting for the underground space development

of each functional type in rail transit station area, we need

to consider the following aspects of the case:

1. Overall demand for coordinated development of

ground and underground space.

2. Railway station is itself comprehensive development

of the project construction.

3. The construction situation of planning and develop-

ment for the various near-term facilities.

In the actual development and construction process, assuming

that the specific station construction scale is known, using

AHP method based on the fuzzy mathematics to select the

optimal scale and obtaining the relative weight ratio of each

function type for underground space development within the

rail transit station area, we then can get the basic demand.

Thus in this study, the relationship between the under-

ground space development basic demand of each functional

type and the development weight ratio of rail transit station is:

Sgb:Surb:Supb:Sucb:Sumb ¼ x1:x2:x3:x4:x5 ð1Þ

Surb ¼
x2

x1

Sgb Supb ¼
x3

x1

Sgb Sucb ¼
x4

x1

Sgb

Sumb ¼
x5

x1

Sgb
ð2Þ

S5
X

Sgb þ Surb þ Supb þ Sucb þ Sumb

� �

ð3Þ

Sgb is the development amount of the rail transit station

itself, S is the total amount of development available in the

station area, and b is a shorthand for basic.

4 Xuzhou Metro Line 1—The underground Space
Development Demand Forecasting of High-
Speed Railway Station Area

With its important traffic geographical location, Xuzhou

City has made its rail transit construction in the forefront of

the country (as shown in Fig. 1). On February 22, 2013,

‘‘Xuzhou city rapid rail transit construction planning

(2013*2020)’’ was formally approved by the National

Development and Reform Commission. According to a

recent planning and construction program, rail transit Line

1 line construction project was started in early 2015.

In the first phase project of line 1, the starting point is

Hanwang New Town, and the destination is the high-speed

railway station: line length of 23.1 km, 16 stations,

including 14 underground stations, 2 elevated stations, the

average station spacing of 1.497 km (see Fig. 2).

Among them, the high-speed railway station is the ter-

minus of the one phase of the project, shouldering the

responsibility that connects the Xuzhou high-speed rail

station and Xuzhou east station of long-distance passenger

transportation. The location relationship between it and the

east railway station is shown in Fig. 3.

According to the land development planning and layout

in ‘‘Xuzhou city high-speed railway station areas regula-

tory detailed planning’’ (2010), the region has the Phoenix

Mountain and Cuiping Mountain, has two residential

communities, has been built green window, golden age and

other residential districts, and planned population of about

5.2 million people.

By the end of 2014, in order to accelerate the develop-

ment of high-speed rail station area, to combine with the

recent construction of rail transit line 1 and high-speed

railway station, to further strengthen the community ser-

vice functions of Xuzhou high-speed railway station area,

and to provide convenience to visitors, the one-stop ser-

vice, based on the surrounding neighborhoods which are

gradually formed in high-speed railway station, here is

three supporting projects to be implemented by Xuzhou

city government and Xuzhou railway office: Qiu Hill

business Park, high-speed railway station area neighbor-

hood center and high-speed railway station area nine-year

coherent education school.

Among them, Xuzhou high-speed railway station area

neighborhood center project is located east of the high-

speed railway station area Hong Chang Road, south of

Daming Lake Road, covers an area of 42.4 acres, total

construction area of 51,853 m2, and will be divided into

two parts on the ground and underground development and

construction. The neighborhood center will also serve as a

basic service place for the communities near the high-speed

rail station area. Its main functions include the farmers’

market, convenience breakfast, affordable pharmacies,

medical and health service centers, cultural and sports

centers, elderly activity rooms, convenience stores, postal

savings, the office room and the white-collar apartments,

etc. The architectural renderings of the neighborhood

center are shown in Fig. 4.
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Fig. 2 Metro line 1 and the high-speed railway station

Fig. 1 Xuzhou location
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4.1 Total Demand Forecast of Each Functional

Type Development

The Metro high-speed railway station is located in the

southeast side of the national high-speed railway station

square in Xuzhou, and is near by the south side of the

national railway station yard. The station is a two-story-

island platform station, and the middle part of the platform

is the effective platform area of the 98 m long (forward

reserved 118 m) and 12 m wide (see Fig. 5).

4.1.1 Underground Road

Ar1 C 13 m2 (Chinese city of quantitative indicators in the

twenty-first century) and Ar2 C 12.0 m2(‘‘Urban land

classification and planning construction land standards’’-

GB50137-2011) take larger values.

dr = 0.79 [according to ‘‘Xuzhou city rapid rail transit

construction plan (2012–2018)],’’ the rail Transit Line 1

long-term net plan is 29.1 km, and the recent construction

plan in the 1st Line of nets is 23.1 km.

hr = 0.1 (the reference value coming from many studies)

Sur = dr 9 hr 9 P 9 Ar= 0.79 9 0.1 9 5.2 9

104 9 13 = 53404 m2

Sur—the total demand for the development of under-

ground roads

Fig. 3 The neighborhood center location

Fig. 4 The neighborhood center of high-speed railway station area Fig. 5 Schematic diagram of high-speed railway station
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Ar—per capita road area

dr—recent demand development ratio

hr—underground road area ratio

P—the forecast area total population

4.1.2 Underground Parking

hp C 0.8 (‘‘Xuzhou City Building Parking facilities set

standards and guidelines,’’ Xuzhou II parking area, see

Table 5)

ac = 0.3 [‘‘Xuzhou high-speed railway station peripheral

area regulatory detailed planning (2010),’’ ‘‘Urban land

classification and planning construction land standards’’

(GB50137-2011)]

bc = 0.3 (Xuzhou II parking, commercial building,

lookup table)

bb = 0.6 (Xuzhou II parking, residential building, lookup

table)

Sus—(1. school buildings (middle and primary schools,

kindergartens): 1.0 parking/100 teachers and students. 2.

‘‘urban area of Xuzhou City, small and medium school

layout special planning’’: 60–70 seat/thousand index, the

number of students in the forecast area is 3120 people,

and the parking area of the city periphery is controlled

by 15–20 square meters/student.)

Sup = dr 9 hp 9 P 9 (acbc Ac ? bb Ab) ? Sus-
= 0.79 9 0.8 9 5.2 9 104 9 (0.3 9 0.3 9 110 ? 0.6

9 35) ? 3120 9 0.0 1 9 20 = 1016121.6 m2

Sup—the total demand for the development of under-

ground parking

hp—underground parking area ratio

ac—commercial land-use ratio

bc—commercial building parking match index

bb—residential building parking match index

Sus—forecast demand area of primary and middle school

underground parking

4.1.3 Underground Commerce and Recreation

hc = 0.1 (according to some various domestic and

international literature and research materials)

ac = 0.17 [‘‘Xuzhou high-speed railway station periph-

eral area regulatory detailed planning (2010)’’]

Suc = dr*hc*ac*P*Ac = 0.79*0.1*0.17*5.2*104*110 =

76819.6 m2

Suc—the total demand for the development of under-

ground commerce

hc—underground commerce facilities area ratio

ac—commerce and recreation land-use ratio

4.2 Basic Demand Forecast of Each Functional

Type Development

4.2.1 Establish the Development Hierarchy

According to ‘‘Xuzhou City rapid rail transit construction

planning (2013–2020),’’ since 2014 the Xuzhou Govern-

ment Railway Office is about to develop and construct the

supporting facilities projects in high-speed railway station

area: first, built three criteria layers: rail transportation,

commercial services, and schools; second, refine the above

three development functions; and third, subdivide into five

specific construction scheme layers: rail transit station,

underground road, underground parking, commercial and

entertainment facilities, and municipal facilities (see

Fig. 7).

4.2.2 Select Scale

Here, we have compared and analyzed the differentiation

of various scale methods, respectively, to find out the scale

method for determining the forecasting demand weight of

underground space development in the rail transit station

area (see Table 6).

Table 5 Part of Xuzhou City vehicle standard parking match index

No. Building types Units Motor vehicle

index

II district

1 Residence: commercial housing and serviced apartments/no household Parking space/100 m2 building

area

0.6

5 Commercial finance: supporting commercial facilities (small supermarket,

convenience store, stores)

Parking space/100 m2 building

area

0.3

11 Schools: primary and middle school, kindergartens Parking space/100 teacher and

student

1.0

The quote from ‘‘Xuzhou City Building Parking facilities set standards and guidelines’’

II District: Old Town and Zhai mountain groups (except for I district), Dam mountain groups, Big Guozhuang airport, Development zone,

Xuzhou new District, the parking partition diagram as shown in Fig. 6
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Fig. 6 Parking zoning of

Xuzhou city

Fig. 7 The underground space development hierarchy of high-speed railway station area
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4.2.3 Consistency Check

A ¼ aij
� �

n�n
; that is :

A ¼

a11 a12 . . . a1n
a21 a22 . . . a2n
. . . . . . . . . . . .
an1 an2 . . . ann

2

6

6

4

3

7

7

5

and meet :
aij ¼ 1 � i ¼ j

aij ¼ 1
�

aji

C.R. (Consistent Matrix R) is a measure of consistency

of judgment matrix standard; when C.R.\ 0.1, it is con-

sidered that the consistency of the judgment matrix can be

accepted, which indicates that the qualitative judgment is

logically, and it meets the transfer requirements.

C:I: ¼ kmax � n

n� 1
ð4Þ

C:R: ¼ C:I:

R:I:
ð5Þ

C.I. (Consistent Indicator), R.I. (Matrix R Indicator).

4.2.4 Calculation Process

According to the hierarchy structure of the underground

space development in the high-speed railway station area,

the judgment matrix was established between the different

levels, in which the maximum eigenvalue, feature vector,

consistency check and weight ranking of different scales

are calculated by MATLAB program, as shown in

Tables 7, 8, 9, 10, 11, 12 and 13.

From the above seven calculation table, we can see that

all four hierarchical ranking of the CR values were less

than 0.1, so they are in accord with the requirement of

consistency, and the consistency of 9/9–9/1 scale is best

(C.I. absolute values, the smaller the better).

Therefore, according to the principle of the AHP, the

9/9–9/1 scale is selected to establish the judgment matrix.

The weight vector calculated is used as the ratio of the

basic demand forecasting of the each functional type for

underground space development in the high-speed railway

station area of Xuzhou Metro 1 line, namely,

Table 6 Scale level and the scale type

Scale type Scale level

Equally Tiny Slightly More Obviously Very Strongly More strongly Extremely

1*9 1 2 3 4 5 6 7 8 9

1*5 1 1.5 2 2.5 3 3.5 4 4.5 5

9/9*9/1 1.000 1.125 1.286 1.500 1.800 2.250 3.000 4.500 9.000

10/10*18/2 1.000 1.222 1.500 1.857 2.333 3.000 4.000 5.667 9.000
ffiffiffi

x
p

1
ffiffiffi

2
p ffiffiffi

3
p ffiffiffi

4
p ffiffiffi

5
p ffiffiffi

6
p ffiffiffi

7
p ffiffiffi

8
p ffiffiffi

9
p

a0 � a8 1.000 1.316 1.732 2.279 3.000 3.947 5.194 6.836 9.000

90=9� 98=9 1.000 1.277 1.629 2.080 2.655 3.389 4.327 5.523 7.050

a8 = 9(n = 8, a =
ffiffiffi

98
p

= 1.316)

Table 7 1–9 scale Judgment matrix Single-sorting weight vector kmax CI RI CR

A (0.6348, 0.2872, 0.0780)T 3.0940 0.0470 0.52 0.0904

B1 (0.6250, 0.2385, 0.1365)T 3.0183 0.0091 0.52 0.0176

B2 (0.4101, 0.1638, 0.0968, 0.2823, 0.0470)T 5.3289 0.0822 1.12 0.0734

B3 (0.1865, 0.1265, 0.6870)T 3.0940 0.0470 0.52 0.0904

Table 8 1–5 scale Judgment matrix Single-sorting weight vector kmax CI RI CR

A (0.5443, 0.3257, 0.1299)T 3.0324 0.0162 0.52 0.0311

B1 (0.5242, 0.2785, 0.1973)T 3.0037 0.0018 0.52 0.0036

B2 (0.3393, 0.1849, 0.1304, 0.2658, 0.0795)T 5.1213 0.0303 1.12 0.0271

B3 (0.2338, 0.1896, 0.5766)T 3.0385 0.0193 0.52 0.0370
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A*B (0.4494, 0.3528, 0.1978)T

B1*C (0.4093, 0.3145, 0.2762, 0, 0)T

B2*C (0.2645, 0.1999, 0.1696, 0.2354, 0.1305)T

B3*C (0.2769, 0.2721, 0.4510, 0, 0)T

4.2.5 Weight Calculation and Basic Demand Forecasting

The weight of the scheme C relative to the target A is:

w ¼ B1 �C;B2 �C;B3 �Cð Þ A�Bð Þ

¼

0:4093 0:2645 0:2769
0:3145 0:1999 0:2721
0:2762 0:1696 0:4510

0 0:2354 0

0 0:1305 0

2

6

6

6

6

4

3

7

7

7

7

5

0:4494
0:3528
0:1978

2

4

3

5

¼

0:3320
0:2657
0:2732
0:0830
0:0460

2

6

6

6

6

4

3

7

7

7

7

5

The resulting weight ratio of total ranking is:

w1:w2:w3:w4:w5 ¼ 0:3320 : 0:2657 : 0:2732 : 0:0830
: 0:0460

This is the basic forecasting demand ratio of rail transit

station, underground road, underground parking, commer-

cial facilities, and municipal facilities for the underground

space development construction in high-speed railway

station area of the Xuzhou Metro line 1 recent planning.

‘‘Xuzhou city rapid rail transit construction plan

(2012*2018)’’shows that the high-speed railway station of

Xuzhou Metro line 1 is the underground two-story-island

platform station, and its basic development quantity (Sgb) is

about 10,972 m2 (central station ? both sides of the equip-

ment and management space ? both sides of the

orbits ? entrances ? ventilation pavilion), whereby we get:

Table 9 9/9–9/1 scale

Judgment matrix Single-sorting weight vector kmax CI RI CR

A (0.4494, 0.3528, 0.1978)T 3.0001 4.4787e205 0.52 8.6130e-05

B1 (0.4093, 0.3145, 0.2762)T 3.0001 7.2584e205 0.52 1.3958e-04

B2 (0.2645, 0.1999, 0.1696, 0.2354, 0.1305)T 5.0155 0.0039 1.12 0.0035

B3 (0.2769, 0.2721, 0.4510)T 3.0100 0.0050 0.52 0.96

Table 10 10/10–18/2 scale

Judgment matrix Single-sorting weight vector kmax CI RI CR

A (0.4954, 0.3477, 0.1569)T 3.0026 0.0013 0.52 0.0025

B1 (0.4536, 0.3011, 0.2453)T 3.0000 9.4009e206 0.52 1.8079e-05

B2 (0.2971, 0.1953, 0.1531, 0.2500, 0.1045)T 5.0380 0.0095 1.12 0.0085

B3 (0.2521, 0.2380, 0.5099)T 3.0205 0.0102 0.52 0.0197

Table 11
ffiffiffi

x
p

scale Judgment matrix Single-sorting weight vector kmax CI RI CR

A (0.4943, 0.3325, 0.1732)T 3.0234 0.0117 0.52 0.0225

B1 (0.4796, 0.2962, 0.2241)T 3.0046 0.0023 0.52 0.0044

B2 (0.3058, 0.1917, 0.1468, 0.2530, 0.1027)T 5.0804 0.0201 1.12 0.0179

B3 (0.2671, 0.2201, 0.5128)T 3.0233 0.0117 0.52 0.225

Table 12 a0–a8 scale

Judgment matrix Single-sorting weight vector kmax CI RI CR

A (0.5365, 0.3395, 0.1240)T 3.0084 0.0042 0.52 0.0081

B1 (0.4960, 0.2864, 0.2176)T 3.0000 1.0411e209 0.52 2.0021e-09

B2 (0.3281, 0.1890, 0.1376, 0.2618, 0.0835)T 5.0699 0.0175 1.12 0.0156

B3 (0.2267, 0.2069, 0.5664)T 3.0336 0.0168 0.52 0.0323
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Surb ¼
0:2657

0:3320
� 10;972 ¼ 8781 m2

Sucb ¼
0:0830

0:3320
� 10;972 ¼ 2743 m2

Supb ¼
0:2732

0:3320
� 10;972 ¼ 9029 m2

Sumb ¼
0:0460

0:3320
� 10;972 ¼ 1520 m2

Sgb—rail transit station construction development quan-

tity, Surb—basic development quantity of underground road

in rail transit station area, Supb—basic development quan-

tity of underground parking in rail transit station area,

Sucb—basic development quantity of underground com-

mercial in rail transit station area, Sumb—basic develop-

ment quantity of underground municipal facilities in rail

transit station

4.2.6 Analysis

Comparing the first section of this chapter, the total

demand forecast of each functional type for underground

space development of the high-speed railway station area

in Xuzhou Metro Line 1 can be seen as follows:

1. The recent commercial basic forecasting demand is

less than the total commercial development demand of

high-speed railway station area (Sucb\ Suc = 2743 m2

\ 76819.6 m2).

2. The recent underground road basic forecasting demand

is less than the total underground road development

demand of high-speed railway station area

(Surb\ Sur = 8781 m2\ 53,404 m2).

3. The recent underground parking basic forecasting

demand is less than the total underground parking

development demand of high-speed railway station

area (Supb\ Sup = 9029 m2\ 1,016,121.6 m2).

Three indicators are more reasonable, which ensure a good

development stock of long-term construction planning of

the station area. The architectural design renderings of

high-speed railway station are shown in Fig. 8.

Table 13 9
0
9 � 9

8
9 scale

Judgment matrix Single-sorting weight vector kmax CI RI CR

A (0.5160, 0.3436, 0.1404)T 3.0066 0.0033 0.52 0.0064

B1 (0.4774, 0.2931, 0.2295)T 3.0000 6.9705e210 0.52 1.3405e-10

B2 (0.3136, 0.1921, 0.1447, 0.2567, 0.0929)T 5.0552 0.0138 1.12 0.0123

B3 (0.2394, 0.2206, 0.5400)T 3.0266 0.0133 0.52 0.0256

Fig. 8 High-speed railway

station design sketch of Xuzhou

Metro line 1
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5 Conclusion

A proper development demand forecasting can help pro-

viding better urban construction as well as city manage-

ment. In the present investigation, the steps to forecast the

underground space development demand in rail transit

station area are proposed and applied to a specific case, i.e.,

the high-speed railway station area of Xuzhou Metro Line

1. This research quantitatively provides a reference for the

development forecasting of underground space in urban

planning. It should be noted that the demand forecasting of

underground space development is a dynamic process,

which means there are other aspects that should be con-

sidered such as the investment, financing, construction

cost, environmental impact, geological conditions, and so

on. Therefore, in order to improve the demand forecasting

for underground space development in rail transit station

area, the follow-up study should consider not only the

weights of the forecasting indicators determined using the

present proposed subject-objective evaluation, but also the

location-specific planning. In further study, with the

impact of subjective indicatiors reduced, an optimized

weight model is supposed to be established to forecast the

development demand of underground space in urban rail

transit station areas.
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