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Abstract: Sci-tech parks (STPs), as a key space carrier of urbanization, have transformed into
comprehensive parks with mixed urban functions and advanced hi-tech industries. The jobs–housing
relationship, which is closely related to the two major urban functions of work and residence, affects the
efficiency of urban operation. This study focused on the correlation between the jobs–housing
relationship and the innovative development of STPs, adopting the Hangzhou West Hi-Tech Corridor
as a case study. Four indicators reflecting the jobs–housing balance index and commuting distance
and ten indicators reflecting agglomeration degree, development scale, innovative ability, financial
status, and comprehensive development level of enterprises were selected to perform partial least
squares regression. The results show that the jobs–housing relationship was correlated with the
innovative development of STPs. Relatively short commuting distance may promote the development
and agglomeration of sci-tech enterprises. However, short average commuting distance was not
necessarily good. The working space and living space needed to be mixed at an appropriate scale and
distance—to be close but not too close. This study provides references for the future development of
STPs and the application of mixed-use zoning in the urban spatial planning; additionally, it supports
for the research and practice of industry–city integration and urbanization.

Keywords: jobs–housing relationship; sci-tech parks; urbanization; innovative development;
the Hangzhou West Hi-Tech Corridor

1. Introduction

Industrial parks have played an important role in the large-scale construction of new urban
districts over the past few decades of rapid urbanization in China [1,2]. As the main fronts of the
export-oriented economy, industrial parks are critical to China’s economic growth. Moreover, they are
the effective and characteristic carriers of urbanization to gather talent and capital, support scientific
and technological innovation, promote industrial upgrading, and drive regional economy [3]. From the
Shenzhen Shekou Industrial Park in the 1980s, to the Shanghai Lujiazui central business district (CBD)
and Yangtze River Delta Manufacturing Park in the 1990s, to Beijing Zhongguancun, Zhangjiang
Hi-Tech Park II and Suzhou 2.5 Industrial Park in the beginning of the twenty-first century, the scale of

ISPRS Int. J. Geo-Inf. 2020, 9, 762; doi:10.3390/ijgi9120762 www.mdpi.com/journal/ijgi

http://www.mdpi.com/journal/ijgi
http://www.mdpi.com
http://www.mdpi.com/2220-9964/9/12/762?type=check_update&version=1
http://dx.doi.org/10.3390/ijgi9120762
http://www.mdpi.com/journal/ijgi


ISPRS Int. J. Geo-Inf. 2020, 9, 762 2 of 22

the parks has grown from a few square kilometers in the early days to hundreds of square kilometers
now, resulting in a profound impact on the structure of urban space [4].

In the new era of innovative development, numerous hi-tech enterprises that deeply integrate
information technology and traditional industries have emerged. This new industry has become a
vital engine for promoting social and economic development and enhancing the competitiveness of
cities [5,6]. Sci-tech parks (STPs) are spatial carriers used to develop such industries and cultivate all
types of innovative technological achievements [7]. They are a powerful force leading scientific and
technological innovation and future economic development [8]. Therefore, research in the planning of
STPs is of critical importance in guiding the future development of China’s new type of urbanization.

Working and living are the two key elements of urban land use [9]. In the process of urbanization,
the jobs–housing relationship is the main factor affecting the urban spatial structure and the operational
efficiency of new urban districts [10]. Due to the fact of urban spatial expansion and increasingly
intensified suburbanization and spatial reconstruction in China, traditional industrial parks and new
industrial parks are mostly located in the new urban expansion districts and have become the most
important type of land use in the new urban districts [11]. This relatively single homogeneous land use
type in the new urban districts has caused many problems, such as jobs–housing separation, imbalanced
land resource distribution, low traffic efficiency, and long-distance traffic jams, which seriously restricted
development [12]. Therefore, in the case of limited land resources, it is necessary to optimize the
allocation of land resources to realize the mixing of urban functions and improve use efficiency.
The strategy of industry–city integration was proposed against the background of homogenous
industrial expansion in China [13]. As an urban development strategy, the “industry–city integration”
refers to the integrated development of industry and other urban functions. City is the space carrier of
developing industrial economy, and industry is the driving force of urban renewal. It has played a
great role in alleviating traffic congestion, rationally allocating resources, and realizing the dynamic
and sustainable development of industry, city, and people [14].

Although efforts have been made at the policy level to promote industrial–urban integration,
existing literature is still unable to answer these following questions, which were to be solved in this
study. What is the relationship between the “city” (jobs–housing relationship) and the “industry”
(sci-tech parks), and how does the “city” influence the “industry” in the context of urbanization
and innovative development? What suggestions could be provided for the future planning and
development of new urban districts dominated by sci-tech and innovation?

As a national innovation demonstration zone, Hangzhou has gathered numerous innovation
resources and sci-tech industries [15]. In 2019, Hangzhou’s digital development index ranked first in
China, and the overall development level of its digital economy ranked within the top five in China [16].
Hangzhou is striving to build an innovation and entrepreneurship center with global influence [17].
The Hangzhou West Hi-Tech Corridor (hereinafter referred to as “the Corridor”) is the first sci-tech
innovative industrial cluster in Zhejiang Province and represents the latest development trend of
STPs in China [18]. The Corridor has gathered various STPs, such as Alibaba Headquarters Park,
Zhejiang Overseas High-Level Talents Innovation Park, Characteristic Town (The Characteristic Town
originated in Zhejiang Province in 2014 and differs from administrative areas, industrial parks, and new
towns. This area focuses on characteristic emerging industries and builds a complete industrial chain
surrounding a single distinctive industry. The “Characteristic Town” is the carrier of and platform for
the organic integration of multiple functions such as industry, city, culture), etc. [19]. The Corridor has
become an urban innovative space with highly mixed functions and advanced hi-tech industries. It is a
vital case for research concerning the innovative development of the STPs and industry–city integration.

This study discusses the correlation between the jobs–housing relationship and innovative
development of STPs based on findings from the Hangzhou West Hi-Tech Corridor as a case study.
In essence, this study focused on the impact of the jobs–housing balance and mixed land use on hi-tech
industries. The aim was to provide a reference for and support the planning of new urban districts
and the development of STPs in the future. Based on the analysis, some suggestions on the planning
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of spatial structures and land use are proposed to address problems in urban development such as
jobs–housing separation and traffic congestion. This research may also offer reference for countries
worldwide in demand for the construction of new industrial parks in many countries [20]. Therefore,
it is of great significance for the internet economy and urban development to study the jobs–housing
relationship in new urban districts and explore paths to realizing the innovative development of STPs.
This study provides a reference for the future development of STPs and the application of mixed land
use in the planning of new urban districts; it also enriches theoretical achievements in industry–city
integration and urbanization.

The remainder of this article is structured as follows: Section 2 provides a literature review;
Section 3 describes the research methods and data; Section 4 presents the results of this study;
and Section 5 includes conclusions and discussions.

2. Review of Relevant Studies

This study is a reflection of the interactive relationship between industry and city in the new
urban districts in the context of the urbanization transformation and innovative development in China.
Previous studies have involved the functional transformation in the industrial parks, the jobs–housing
relationship and the factors affecting the development of the science and technology parks.

A significant body of literature has mapped out the trajectory of the transformation of industrial
parks from small-area, independent industrial zones with a single production function to higher-level,
comprehensive parks with mixed urban functions over the past decades [21], and the development of
such parks has entered a new stage of integrated development of industry and city [22]. Since the 20th
century, many theories and practices regarding industrial parks in new urban districts emerged in the
Western countries that have deeply influenced the development of industrial parks in China; the concepts
involved included the “sleeping city”, the central business district (CBD) model, “Urban Sprawl”,
the “New Urbanism”, etc. [23]. In the early stage, most industrial parks were aimed to realize
the economic development and the spatial agglomeration of production factors, characterized by a
centralized layout, single function, and isolated space [24]. With the global industrial upgrading and
promotion of urbanization, the practice of parks in China referring to these theories has already exposed
negative effects. The imperfect functions within the parks and the separation between city and industry
become increasingly serious, and they must be repaired and activated [25]. For example, all the
commercial buildings planned in the Lujiazui CBD were changed into service space; the Zhangjiang
Hi-Tech Park put forward the idea of a comprehensive city, considering the limitations of a single
function; the Suzhou 2.5 Industrial Park accelerated the development by creating multiple functional
carriers of new urban space, including production, residence, leisure, and other functions [26,27].
The industrial parks are gradually shifting from traditional parks that focus on a single short-term
economic growth goal to modern parks that focus on multiple long-term comprehensive development
goals. Focusing on the connotation, mechanism, and path of the industry–city integration, scholars
generally believe that industry and city are closely related [28]. The industry is the key driver of city,
and the city can continuously promote the development of industry and economy [29]. Previous studies
generally believe that industry and city are closely related, but existing studies fail to systematically
identify specific influencing factors of the interrelationship between “industry” and “city”.

Since the development of industrial parks entered a new stage, their urban functions have been
constantly improved, mostly through the supply of local housing markets. Work and residence are the
two most important functions in a city and the jobs–housing relationship affects the efficiency of urban
operation [10]. The concept of jobs–housing balance can be traced back to the belief that employment
and residence should be close to each other and develop in balance, as presented in the “garden city” by
Howard [30] at the end of the 19th century. After that, it has been applied and developed in the practice
of urban planning in the 20th century. The current status of the jobs–housing relationship concept
refers to the spatial connection and positional relationship between the workplace and living place of
urban employees and residents [31]. It contains the three main contents of residence, employment,
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and commuting and is a main content of studies on the urban spatial structure [32]. In previous studies,
the STPs were mainly taken as a case area or a specified geographical scope of empirical research to study
the jobs–housing relationship itself in different scales. These studies involved research on the matching
and separation of the jobs–housing space, measurement of the jobs–housing balance, influencing factors
of the jobs–housing relationship, commuting and accessibility, etc. [33–35]. Additionally, in the study
of the effects of the jobs–housing relationship, it was usually related to population, urban planning,
transportation, and other fields and discussed the proportion of employees and residents, urban spatial
structure and functional layout, travel traffic, etc. [36]. The jobs–housing relationship not only has
a significant impact on the employment, residence, and happiness of residents [37] but also on the
rationality of urban spatial distribution [38] and the sustainability of urban operation efficiency.
However, previous studies failed to establish the correlation between the jobs–housing relationship
and industrial economy, and they ignored the role of the jobs–housing relationship on the development
of industrial parks. There is a lack of study on the relationship between the jobs–housing relationship
and the innovative development of science and technology parks in the new era.

The development of STPs as a special form of industrial parks has also been well recorded. There is
a lack of research on the influencing factors of STPs’ innovative development from the perspective
of urban spatial planning. In the 1950s, Stanford Research Park, the world’s first STP founded by
Stanford University on its campus, rapidly grew into Silicon Valley [39]. Since then, STPs have been
seen as an effective way to promote the integration of science and technology with the economy and
have sprung up all over the world. The innovative development of STPs, as platforms for promoting
regional innovative economy and industrial upgrading and transformation [18], are affected and
restricted by many factors and conditions. In terms of external conditions, national policies, market
environment, financial support, and industry–university–research cooperation are the main factors.
Firstly, national policy and a harmonious and stable relationship between regional policies are crucial to
the development of STPs [40]. The government has formulated preferential policies and development
strategies for enterprises [41]. Several studies confirmed that STPs tend to perform well in regions
with strong industrial agglomeration or where the large high-tech firms located. The comprehensive
effects of enterprise agglomeration provide support for the development of STPs [42]. Financial
capital and guidance on how to access and manage funding are also important for the performance
of STPs [43]. Besides that, some scholars argued that the impetus for innovation came not from
the park itself but from the university–industry–government interaction shaped by the regional
environment [44]. Sci-tech parks that have established strong collaboration with universities have
higher levels of performance, e.g., higher numbers of patent applications and firms on the park [4].
However, other studies have focused on the internal factors of the parks, such as park management,
availability of research personnel, marketing expertise, financial support, enterprise culture and
brand, etc. [45,46]. To conclude, previous studies on factors related to the innovative development
of STPs mainly focus on government policy guidance, market economy operation, scientific research
platform support, the innovation and entrepreneurship environment, innovation factor agglomeration,
industry–university–research cooperation, etc. These studies neglect to consider factors related to
urban planning, and there are few studies on the correlation between the jobs–housing relationship
and the innovative development of STPs.

In summary, the gaps in previous studies on the correlation between the jobs–housing relationship
and the innovative development of STPs are as follows: (1) The development of industrial parks has
gone through the process from having a single industrial function to mixed urban functions. In the
new stage of the integrated development of industrial park and city, scholars generally believed that
industry and city were closely related, but there are few quantitative studies on the specific influencing
factors of the spatial relationship between “industry” and “city”. (2) The effects of the jobs–housing
relationship on the development of industrial parks are neglected. Most studies on the jobs–housing
relationship related to the innovative development of STPs usually take the STP as the geographical
scope of the study case in order to study the distribution characteristics of regional jobs–housing space
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or to evaluate the jobs–housing relationship. The study on the effects of jobs–housing relationship
is usually related to population, urban planning, transportation but not on the most critical role that
the STPs play—economic performance. There is a lack of interdisciplinary quantitative research that
combines the jobs–housing relationship with the innovation ability and economic development level
of STPs. (3) Existing studies neglected the urban planning-level interference as explanatory factors
for STP performance. The influencing factors related to the innovative development of STPs mainly
focused on scientific research support, industry–university–research cooperation, innovation and
entrepreneurship environment, policy guidance, market economy, etc. Research is still lacking on the
correlation between the jobs–housing relationship and the innovative development of STPs from the
perspective of urban space planning.

This study started from the above research gaps, and its innovation is mainly reflected in the
particularity of the period studied, namely, the urbanization transition period and innovation-led
development era as well as the specificity of the region, namely, the West Hi-Tech Corridor in Hangzhou,
China. First, following the large-scale construction of parks in new urban districts, a series of problems
caused by the rapid growth and expansion of urban space have seriously affected the development
of future urban space and the construction of new urban district spaces [12]. This study actively
responded to these problems and reflected on the past development process and practices of parks
with a different attitude to guide the practices of new industrial parks and promote future large-scale
urbanization processes. Second, this study focused on emerging industrial parks dominated by hi-tech
industries that represent the future development trend. The population in the STPs is different from
that in ordinary industrial parks, and the target population is high-tech talent with the knowledge
and ability to engage in scientific and technological innovation, which leads to new requirements
for the jobs–housing space of the STPs. Third, China’s current development is rapidly shifting to an
innovation-oriented trajectory; however, there is a lack of clear guidance for the construction of STPs
in new urban districts. Hangzhou is an important economic growth core in the Yangtze River Delta,
with a developed digital economy and internet industry [47]. The Yangtze River Delta Integration
National Strategy and the goal of building a global sci-tech innovation center have brought new
opportunities for future innovation development in Hangzhou [48]. This study took the Hangzhou
West Hi-Tech Corridor as a case study, as it is conducive to timely summarizing the wisdom of
innovative development in China and the new Chinese experience.

3. Study Area, Data, and Methods

3.1. Study Area

The Hangzhou West Hi-Tech Corridor is located in the west of Hangzhou and spans 15 towns
and streets in the three districts of Xihu District, Yuhang District, and Lin’an District from east to west.
It includes Zijingang Science and Technology City, Future Science and Technology City, and Qingshanhu
Science and Technology City (see Figure 1). With Wenyi West Road as the main axis, it has a total
planned area of approximately 224 square kilometers and a length of approximately 33 km [49].

The Corridor is referred to as the prototype of a new sci-tech town with highly mixed land use
and active innovation and entrepreneurship. The reasons why the Corridor was suitable for this study
are as follows.

First, the highly mixed urban space of the Corridor provides diverse and adequate samples
supporting the study. The Corridor experienced the development processes of government planning,
real estate exploitation, and the spontaneous embedding of urban villages in different periods, different
scales, and different levels. It formed a highly integrated development mode featuring the integration
of old and new urban space, the mixing of multiple functions, the coexistence of different types of
industrial parks, and the win–win situation of economic benefits, social harmony, and ecological
protection. The Corridor includes the world’s internet economy giant Alibaba, a single enterprise giant
entity with a new headquarters park; an incubator space for emerging small and medium enterprises
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represented by Haichuang Park; and the Characteristic Town in Zhejiang Province represented by the
Dream Town. Additionally, there are local contexts, such as Cangqian Town in the original Yuhang
District, and complex and excellent natural conditions, such as Xixi National Wetland.
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Figure 1. Location and spatial layout of the Hangzhou West Hi-Tech Corridor.

Second, the Corridor represents the latest trend in the development of STPs in China and provides
an excellent case for timely summarizing the fresh Chinese experience of the innovative development
of STPs. The Corridor has developed a new generation of information technology industrial clusters
focusing on the industries such as the future networks, big data, cloud computing, and the Internet
of Things. It focuses on the cultivation of six high-end industries, specifically, artificial intelligence,
life science, new energy vehicles, new materials, technology services, and new finance.

Third, the Corridor is located in Hangzhou, the national innovation demonstration zone,
and provides a template for the development of STPs for other regions of China.

As described in the Overall Space Planning of the Hangzhou West Hi-Tech Corridor, the Corridor
could be divided into 31 functional areas according to the leading functions [49]. The internal functions
of these areas are mixed and all kinds of service facilities facing the leading functions are gathered
and shared. The types of these functional areas include a central area, scientific research area, higher
education area, industrial area, residential area, comprehensive area and leisure area. (see Figure 2
and Table 1) In this study, the 31 functional areas are considered the sampling ranges to calculate the
average value of the indicators reflecting the development of STPs’ enterprises in each area.
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Table 1. List of functional areas.

Functional Areas Serial
Number Name

Industrial area
(An area dominated by

industrial function)

Ind. 1 Yongle Industrial Area
Ind. 2 Lin’an Development Zone Industrial Area
Ind. 3 Hengfan Industrial Area

Comprehensive area
(An area with the integrated development

of multiple functions)

Com. 1 Liuxia Comprehensive Area
Com. 2 Taobao City Comprehensive Area
Com. 3 Wuchang Comprehensive Area
Com. 4 Laoyuhang Comprehensive Area
Com. 5 Zhongtai Comprehensive Area
Com. 6 Chengdong New City Comprehensive Area

Central area
(A core development area located in the
center of a science and technology city or

an administrative district)

Cen. 1 Jiangcun Central Area
Cen. 2 Chengxi Hub Central Area
Cen. 3 Future Science and Technology City Central Area
Cen. 4 Qingshanhu Science and Technology City Central Area

Residential area
(An area dominated by living function)

Res. 1 Xianhu Residential Area
Res. 2 Xianlin East Residential Area
Res. 3 Xianlin West Residential Area
Res. 4 Qingshanhu North Residential Area

Leisure area
(An area dominated by leisure function or

green space)

Lei. 1 Xixi Wetland Leisure Area
Lei. 2 Wuchang Wetland Leisure Area
Lei. 3 Xianlin Wetland Leisure Area
Lei. 4 South Lake Leisure Area

Scientific research area
(A functional area dominated by scientific
research spaces such as research institutes

or laboratories)

Sci. 1 West Lake Sci-Tech Innovative Parks Scientific Research Area
Sci. 2 Yungu Scientific Research Area
Sci. 3 South Lake West Scientific Research Area
Sci. 4 Cloud Manufacturing Town Scientific Research Area
Sci. 5 Yiyang Town Scientific Research Area

Higher education area
(An area dominated by higher

education function)

Edu. 1 Zhejiang University Xixi Higher Education Area
Edu. 2 Zhejiang University Zijingang Higher Education Area
Edu. 3 Hangzhou University City Higher Education Area
Edu. 4 Xiaoheshan Higher Education Area

Edu. 5 Zhejiang Agriculture and Forestry University Higher
Education Area

3.2. Data Source

3.2.1. Jobs–Housing Relationship Data Based on Location-Based Service (LBS)

Location-Based Service (LBS) refers to the location information of mobile terminal users obtained
through a radio communication network [50]. As a type of big data, it is widely used in research related
to geographic information and location services [51]. It includes two meanings: first is to identify the
geographical location of the mobile device or user; second is to provide location-related information
services. In this study, the workplace and living place of employees and residents in the Corridor
can be identified through LBS data, which provides a basis for the calculation of occupation-related
indicators. In this study, the jobs–housing relationship data include the total number of employees,
the total number of residents, the number of people who both work and live in the Corridor, and the
commuting distance. The data reflect the population of employees and residents, the distribution and
connection of working and living places, etc., and provide a basis for the calculation of jobs–housing
relationship indicators. The data, LBS, were procured from Ground Truth, a professional company
that provides big data services. The company has partnered with a number of mobile apps and
web companies to run advertisements across over 150,000 apps. The location data of mobile phones
within a certain range of time and place were observed; then, the workplace and living place of each
commuter in the Corridor were inferred. Finally, the data results were obtained, such as the number
of employees or residents, commuting distance, for the calculation of the jobs–housing relationship
indicators (see Figure 3).
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IMEI = international mobile equipment identity.

The data acquisition process is as follows. First, the scopes and geographical coordinates of each
STP and residential area were clarified, and the company’s advertisements were placed in mobile
apps such as Alipay, WeChat, and Weather. Once users entered their workplace or living place and
opened the mobile apps, they saw ads in the apps. Simultaneously, the background program recorded
the unique international mobile equipment identity (IMEI) of their mobile phones and their location.
Second, all data appearing in the workplace during the daytime (7:00–21:00) and in the residential area
at night (21:00–7:00) were screened, and repeated device information was deleted according to the IMEI.
Third, the frequency of the same mobile phone appearing in the same STP or residential area within
3 months was counted. If the frequency of occurrence in the same place exceeded 10 days per month,
the place was considered the workplace or living place of the mobile phone’s user. In this way, the total
number of employees in each STP and the total number of residents in each residential area could be
obtained. Finally, due to the uniqueness of IMEIs, the mobile phone IMEI of employees and residents
were compared to identify the “same IMEI”. User with the “same IMEI” were identified as people who
both work and live in the Corridor. Then, the living place of each employee and the workplace of each
resident could be identified. Additionally, the commuting distance could be calculated by connecting
the workplace and living place of each employee through the road network using ArcGIS.

According to the jobs–housing relationship data, there were 24,563 employees in the workplace,
93,449 residents in the living place, and 12,032 people who both worked and lived in the Corridor.
These data can be used to calculate indicators related to the jobs–housing relationship.

Most of the previous studies measured the jobs–housing relationship from the aspects of population
of employees and residents, land use of industry and residence, transportation and commuting, etc.
The common indicators included the jobs–housing ratio, jobs–housing balance index, commuting
distance, and commuting time [33].

This study refers to the index designed by Ewing to describe the jobs–housing balance ratio and
calculated the jobs–housing balance index to reflect the real jobs–housing balance [52]. Differing from
the jobs–housing ratio, which focuses on the jobs–housing balance in quantitative terms and neglects
the situation in which the residential population is employed outside the region or the employed
population lives outside the region, the jobs–housing balance index reflects the actual quality of the
jobs–housing balance [53]. The jobs–housing balance index refers to the proportion of people who both
work and live in the same area. It includes the employee balance index, which reflects the proportion of
all employees living in the Corridor, and the resident balance index which reflects the proportion of all
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residents working in the Corridor. They can be calculated based on the population of employees and
residents in each functional area. The closer the index is to 1, the higher the degree of the jobs–housing
balance and the lower the degree of the jobs–housing separation.

The Employee Balance Index is defined by the following Formula (1):

JHBRJ,i =
MATCHi

Ji
, (1)

In Formula (1), MATCHi refers to the number of people who both work and live in the Corridor,
and Ji refers to the total number of employees in the Corridor.

The Resident Balance Index is defined by the Formula (2):

JHBRH,i =
MATCHi

Hi
, (2)

In Formula (2), MATCHi refers to the number of people who both work and live in the Corridor,
and Hi refers to the total number of residents in the Corridor.

The commuting distance between the workplace and the living place can be calculated by
ArcGIS based on the road network. This study selected the proportion of happy commuters as a
jobs–housing relationship indicators, i.e., the proportion of employees who commute within 5 km
among all the employees living in the Corridor. The proportion of commuters within 5 km can be
used as an indicator to measure the jobs–housing balance and happy commuting according to the
Commuting Monitoring Report of Major Cities of China in 2020 released by the Ministry of Housing
and Urban-Rural Development, China Academy of Urban Planning and Design [54]. Additionally,
the Beike Research Institute, which is a real estate research platform, took the commuting distance
within 5 km as the standard for a happy commute, and they drew a “happy commute circle” with a
radius of 5 km. It is generally believed that a commuting distance within 5 km indicates that residents
have a reasonable and controllable commuting time and various transportation options. In addition to
public transportation and private cars, residents can arrive at work by walking, bicycling, or using
other non-motorized vehicles, resulting in a happy commuting experience. The higher the proportion
of commuters within 5 km, the more people have a pleasant commuting experience, indicating that
they work and live nearby. A shorter commute is conducive to achieving a jobs–housing balance and
green traveling.

In this study, four indicators were selected, including employee balance index, resident balance
index, average commuting distance, and proportion of happy commuters. These indicators were used
as independent variables in the quantitative analysis (see Table 2).

Table 2. List of the jobs–housing relationship indicators.

Category Independent
Variable Indicator Explanation

Balance index
X1 Employee balance index

The proportion of the number of people who
both work and live in the Corridor among all

the employees in the Corridor

X2 Resident balance index
The proportion of the number of people who
both work and live in the Corridor among all

the residents in the Corridor

Commuting
distance

X3 Average commuting
distance

The average commuting distance of people
who both work and live in the Corridor

X4 Proportion of
happy commuters

The proportion of employees who commute
within 5 km among all the employees living in

the Corridor
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3.2.2. Innovative Development Data of STPs’ Enterprises

The improvement in innovative capacity, the accumulation of human resources, the continuous
growth of asset levels and economic benefits are important manifestations of the innovative development
of STPs’ enterprises. According to the Detailed Rules of Standards for the Recognition and Grading
of National Sci-Tech Enterprises in 2019, intellectual properties and scientific and technological
achievements transformation ability are important indicators for measuring the innovative ability
of enterprises [55]. Scholars mostly use the status of patent applications, especially innovative and
utility model patents, as the evaluative standard of scientific and technological innovation [56,57].
The Chinese Enterprises Scale Classification Standard in 2011 categorizes enterprises by scale according
to the number of employees, total assets, and operating income [58].

This study collected data from 16,504 sci-tech enterprises in STPs in the Corridor obtained
through Qichacha and Tianyancha, which are the industrial and commercial information query
platforms of the National Enterprise Credit Information Publicity System. The contents included ten
indicators related to the innovative development of STPs’ enterprises in terms of the agglomeration
degree, development scale, innovative level, financial status, and comprehensive development level.
Among them, staff size and the number of insured persons reflect the enterprises’ development scale;
the number of intellectual properties, number of patents, and total content of sci-tech innovation
reflect the enterprises’ level of sci-tech innovation; total assets, total sales, and average salary reflect
the enterprises’ financial status; and the comprehensive score reflects the enterprises’ comprehensive
development level. These indicators are used as dependent variables in the quantitative analysis and
their specific information is as follows (see Table 3).

Table 3. List of innovative development indicators of sci-tech park (STP) enterprises.

Category Dependent
Variables Indicator Explanation

Agglomeration
degree Y1 Enterprise distribution

density
The number of sci-tech enterprises per unit area in

each area

Development
scale

Y2 Staff size
The average staff size of enterprises in each area, including

the number of regular staff, temporary staff and all
other staff

Y3 Number of insured
persons

The average number of insured persons in enterprises in
each area. It refers to the number of regular employees

Innovative
ability

Y4 Number of
intellectual properties

The average number of intellectual properties of
enterprises in each area

Y5 Number of patents The average number of patents of enterprises in each area

Y6 Total content of sci-tech
innovation 1

The total content of sci-tech innovation of enterprises in
each area

Financial
status

Y7 Total assets The average total assets of enterprises in each area

Y8 Total sales The average total sales of enterprises in each area

Y9 Average salary The average salary of enterprises in each area

Comprehensive
development

level
Y10 Comprehensive score 2 The comprehensive score of enterprises in each area

1 Total content of sci-tech innovation: published by the Qichacha platform; this indicator is converted according
to the following five intellectual properties of enterprises: invention publication patents, invention authorization
patents, utility model patents, software copyrights, and design patents. 2 Comprehensive score: published by the
Tianyancha platform; this score involves more than 300 dimensions of the enterprises’ public information. The score
is given as a percentage and computed by a unique algorithm of Tianyancha. The score is related to not only the
registered capital of the enterprise itself but also industry characteristics and market competition.
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3.3. Study Methods

The correlation between the jobs–housing relationship and the innovative development of STPs
was analyzed using the partial least squares regression (PLSR) method. A flowchart of the methods is
shown in Figure 4.
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The partial least squares regression method, which was first proposed by S. Wold and C.
Albano et al. [59] in 1983, is a commonly used multiple linear regression analysis methods for studying
correlations. This method is mainly suitable for regression modeling of multiple independent variables
with multiple dependent variables and can effectively solve the problems of variable multicollinearity
and a small sample size. The PLSR consists of a combination of a principal component analysis,
canonical correlation analysis, and multiple linear regression analysis [60]. The main difference
between PLSR and traditional least squares regression is that the PLSR adopts information synthesis
and selection in the modeling process. It extracts a number of components in a variable system that
have the best explanatory ability and then conducts regression modeling, instead of directly considering
the regression modeling of the set of dependent variables and the set of independent variables.

This study performed statistics to analyze the correlation between the jobs–housing relationship
indicators and innovative development indicators of STPs’ enterprises in the 31 functional areas. Due to
the small sample size and high collinearity among the variables, the PLSR method was suitable for
this study.

The analysis methods follow a three-step calculation listed as follows:
Suppose that p dependent variables Y1, . . . , Yp and m independent variables X1, . . . , Xm are all

standardized variables; the n-times standardized observation data matrix of the dependent variable
group and that of the independent variable group were denoted as follows (see Formula (3)). In this
study, p = 10 (ten indicators related to the innovative development of sci-tech enterprises in STPs were
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considered dependent variables), m = 4 (four indicators related to the jobs–housing relationship were
considered independent variables), and n = 31 (n indicates the sample size).

Y0
n×p

=


y11 · · · y1p
y11 · · · y2p

...
. . .

...
yn1 · · · ynp


, X0

n×m
=


x11 · · · x1m
x11 · · · x2m

...
. . .

...
xn1 · · · xnm


(3)

Step 1: The optimal number of principal components was confirmed to be 1 through a cross-validity
analysis. The analysis results can be reflected by the value of Qh

2.

Qh
2 = 1− PRESSh/SS(h−1) (4)

In Formula (4), h indicates the number of principal components, SS indicates the error sum
of squares, and PRESS indicates the predicted error sum of squares, where SS and PRESS are the
intermediate process values of the cross-validity analysis. When there is only one principal component,
Qh

2 = 1; when there are two principal components, Qh
2
≤ 0.0975. Therefore, the optimal number of

principal components is one (see Table 4).

Table 4. Cross-validity analysis.

Number of Principal Components (h) SS PRESS Qh
2

1 861.347 999.379 1
2 815.022 1014.743 −0.178
3 794.654 1081.560 −0.327
4 758.364 1152.617 −0.450

Step 2: Principal component U1 was extracted from the independent variable X, and principal
component V1 was extracted from independent variable Y. Then, an accuracy analysis was performed
to examine the information extraction rate (variance interpretation rate) of the principal components of
X and Y. The components U1 and V1 must extract as much information as possible from the variable
groups to which they belong.

The comprehensive extraction ratio of principal component U1 for all four independent variables
was 0.557 (variance interpretation rate, 55.7%). The comprehensive extraction ratio of principal
component V1 for all 10 dependent variables was 0.612 (variance interpretation rate, 61.2%).

Step 3: The correlation between the jobs–housing relationship indicators (X, independent variables)
and innovative development indicators of STPs’ enterprises (Y, dependent variables) as identified by
the regression is analyzed.

4. Results

4.1. Analysis of the Jobs–Housing Relationship

For the jobs–housing balance index in the whole Corridor, the employee balance index was 0.49,
indicating that nearly half of the employees lived in the Corridor and achieved a jobs–housing balance;
the resident balance index was 0.13, indicating that most residents worked outside the Corridor.
For each functional area, it can be seen that the employee balance index varied greatly across areas,
ranging from 0.12 to 0.88, while the resident balance index was generally small, basically within 0.27
(see Figures 5 and 6).
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Figure 6. Resident Balance Index of each area in the Corridor.

First, the employee balance index of functional areas in the Future Science and Technology City is
generally high, indicating that many employees in these areas live inside the Corridor, especially the
Xianhu Residential Area (Res. 1), Chengxi Hub Central Area (Cen. 2), Taobao City Comprehensive
Area (Com. 2), Wuchang Comprehensive Area (Com. 3) and Laoyuhang Comprehensive Area
(Com. 4). The resident balance index was generally low, indicating that few residents in these areas
worked inside the Corridor. Many STPs are located along Wenyi West Road, with various types of
talent apartments such as Zhejiang Overseas High-Level Talents Innovation talent apartment, You+

apartment, and Rookie apartment. Additionally, there were sufficient residential capacities in the
south of Wuchang and Xianlin areas that have provided rental residences for all kinds of innovative
and entrepreneurial talents. Second, the two jobs–housing balance indexes of functional areas in the
Zijingang Science and Technology City, located in the east of the Corridor, were generally low, except
for the Jiangcun Central Area (Cen. 1). These areas are close to the center of Hangzhou city, and a
large proportion of employees and residents would like to live and work in the downtown area. Third,
the employee balance index of functional areas in the Qingshanhu Science and Technology City, located
in the west of the Corridor, was generally low. The resident balance index of the central area (Cen. 4)
and Hengfan industrial area (Ind. 3) were both relatively high. Many traditional industrial parks in



ISPRS Int. J. Geo-Inf. 2020, 9, 762 14 of 22

the two areas originated from local private manufacturing factories in the past. These people work
close to where they live, demonstrating a generally observed pattern in manufacturing industry.

Commuting distance can be calculated based on the road network using ArcGIS. The 5268 shortest
commuting paths between workplace and living place of 12,032 employees who live inside the Corridor
are obtained. Then, the number of commuters in each distance range was counted. According to
statistical analysis, approximately 75.21% of the commuters live within 5 km of their workplace and
very few farther than 15 km away (see Figure 7). It indicates that the overall jobs–housing relationship
in the Corridor was relatively close and more than three-quarters of commuters who both lived and
worked in the Corridor achieved a “happy commute”. The average commuting distance of employees
living in the Corridor was approximately 3.8 km. In terms of the spatial distribution of the average
commuting distance, more than two-thirds of the areas had average commuting distances within
5 km, and in all the functional areas, the proportions of commuters within 5 km were above 50%
(see Figures 8 and 9). Among these areas, the Laoyuhang Comprehensive Area (Com. 4), the Wuchang
Comprehensive Area (Com. 3), and the Xianhu Residential Area (Res. 1) had the shortest average
commuting distance and the highest proportion of employees with commuting distances below 5 km,
presenting the closest jobs–housing relationship.
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4.2. Analysis of Innovative Development of Enterprises in the STPs

The 16,504 sci-tech enterprises were mainly distributed along the Wenyi West Road of the Future
Sci-Tech City and around the Zijingang Campus of Zhejiang University, including the Future Sci-Tech
City Central Area (Cen. 3), the West Lake Sci-Tech Park Scientific Research Area (Sci. 1), the Jiangcun
Central Area (Cen. 1), and the Hangzhou University City Higher Education Area (Edu. 3). There are few
sci-tech enterprises in the Qingshanhu Sci-Tech City area in the west of the Hi-Tech Corridor, and only
a few enterprises were concentrated in the central area (Cen. 4) and in the Cloud Manufacturing Town
scientific research area (Sci. 4) (See Figure 10).
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Figure 10. Distribution of sci-tech innovative enterprises of each area in the Corridor.

4.3. Partial Least Squares Regression

In this study, the partial least squares method was applied for multiple linear regression analysis
to study the correlation between the jobs–housing relationship and the innovative development of
STPs. Four indicators reflecting the jobs–housing relationship were used as independent variables,
and ten indicators reflecting the innovative development of sci-tech enterprises in STPs were used as
dependent variables. The results of the PLSR analysis are as follows (see Table 5).
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In general, the jobs–housing relationship was correlated with the innovative development of
enterprises in the STPs. Different indicators showed different correlations and significance levels. For
the enterprise distribution density reflecting the agglomeration degree, the employment balance index
and the proportion of happy commuters had a significant negative correlation, while the resident
balance index had a significant positive correlation. For other indicators reflecting the quality of
enterprises’ innovative development, the employment balance index and the proportion of happy
commuters had a significant positive correlation with most indicators, while the resident balance
index had a significant negative correlation. The average commuting distance was not significantly
correlated with most indicators related to the innovative development of STPs, except for the total
assets and the number of insured persons.

For the employee balance index and the resident balance index, two indicators related to the
jobs–housing relationship, they had different correlations on the innovative development of the STPs.
The resident balance index had a significant positive correlation with the enterprises’ distribution
density, reflecting the degree of agglomeration, while the employee balance index has a significant
negative correlation. The employee balance index had a significant positive correlation with the total
assets, total sales, and average salary, which reflects the financial status of the sci-tech enterprises,
and also with the number of insured persons reflecting the development scale, while the resident
balance index had a significant negative correlation. In addition, the employee balance index had a
significant positive correlation with the number of intellectual properties, but the resident balance
index had a significant negative correlation with the number of patents. It can be inferred that the
improvement of the resident balance index, that is, the increase in the number of residents employed in
the Corridor, is conducive to the agglomeration of sci-tech enterprises; the improvement of employee
balance index, that is, the increase in the number of employees living in the Corridor, is conducive
to the innovative development of enterprises in the STPs, which is reflected in the improvement of
financial status, the expansion of development scale, and the enhancement of innovative ability.

For the two indicators related to commuting distance, the proportion of happy commuters
had a stronger correlation with the innovative development of STPs than the average commuting
distance. The proportion of happy commuters had a significant negative correlation with the enterprises’
distribution density reflecting the degree of agglomeration, while it had a significant positive correlation
with the staff size, number of patents, total assets, average salary, and comprehensive score. The average
commuting distance had a significant positive correlation with the number of insured persons and
total assets, but it did not have a significant correlation with other indicators related to the innovative
development of STPs. It can be inferred that the increase in the proportion of happy commuters,
that is, the increase in the number of commuters within 5 km in the Corridor, is conducive to the
improvement of sci-tech enterprises in terms of the development scale, innovation ability, financial
status, and comprehensive development level, while it is not conducive to the agglomeration of
enterprises in quantity. The increase in the average commuting distance promotes the improvement of
enterprise scale and financial status but it had no impact on the other indicators.
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Table 5. Regression coefficients 1 and p-value 2 of the partial least squares regression (PLSR).

Y1
Enterprises

Distribution
Density

Y2
Staff Size

Y3
Number of

Insured
Persons

Y4
Number of
Intellectual
Properties

Y5
Number of

Patents

Y6
Total

Content of
Sci-Tech

Innovation

Y7
Total

Assets

Y8
Total Sales

Y9
Average
Salary

Y10
Comprehensive

Score

Con. 0.313 −0.053 −0.238 −0.12 −0.452 −0.617 −0.011 −0.061 0.66 0.289

X1 Employee balance
index

−0.86 1.521 1.278 1.044 0.542 0.223 2.311 2.005 2.771 1.723
* ** * ** ** **

X2 Resident balance
index

0.845 −1.494 −1.255 −1.026 −0.533 −0.219 −2.27 −1.969 −2.722 −1.692
** ** ** ** ** * ** **

X3 Average commuting
distance

−0.123 0.218 0.183 0.15 0.078 0.032 0.332 0.288 0.398 0.247
** **

X4 Proportion of happy
commuters

−0.873 1.544 1.297 1.06 0.551 0.226 2.347 2.035 2.814 1.749
** ** ** ** ** **

R Square 3 0.122 0.6 0.448 0.476 0.106 0.022 0.487 0.481 0.459 0.664
1 Regression coefficient represents the influence of independent variable X on dependent variable Y. The larger the regression coefficient, the greater the influence of X on Y. A positive
regression coefficient indicates that y increases as x increases, while a negative regression coefficient indicates that y decreases as x increases. 2 p-value is the probability of obtaining a
result at least as extreme as the one that was actually observed or a more extreme result given that the null hypothesis is true. The smaller the p-value is, the more significant the result
(** Significant at p = 0.01; * significant at p = 0.05). 3 R square refers to the goodness of fit. R square is the fitting degree of the regression equation to the explained variable, and its value
ranges from 0 to 1. The more the value of R approaches 1, the better the fitting degree of the regression equation.



ISPRS Int. J. Geo-Inf. 2020, 9, 762 18 of 22

5. Conclusions and Discussion

This study focused on the innovation and development of STPs dominated by the internet
economy and sci-tech industry and explored the correlation between the jobs–housing relationship
and the innovative development of STPs in new urban districts. It was a positive response to the
problems in urban development during the urbanization transformation stage and a reflection of
the interaction between industry and city in the new urban districts. The Hangzhou West Hi-Tech
Corridor, which represents the recent development trend for STPs in China, was selected as a case
study. First, based on geospatial information and LBS data, indicators related to the jobs–housing
balance and commuting distance were selected to evaluate the jobs–housing relationship. Second,
indicators related to the innovation and development of enterprises in the STPs were selected from
agglomeration degree, development scale, innovative ability, financial status, and comprehensive
development level. Finally, partial least squares regression was used to explore the correlation between
the jobs–housing relationship indicators and the enterprise development indicators.

The conclusions of this study are as follows:

(1) There was a correlation between the jobs–housing relationship and the innovative development
of STPs. The jobs–housing balance may promote the innovative development of enterprises in
the STPs to a certain extent.

(2) Living near the workplace and working near the living place may promote the development
and agglomeration of sci-tech enterprises. More residents working around the residential area,
which is reflected in the improvement of resident balance index, is conducive to the agglomeration
of sci-tech enterprises in this area. More high-tech talents living around the parks, which is
reflected in the improvement of the employee balance index, is conducive to the development of
sci-tech enterprises in this area, which is highlighted in the financial status, innovation ability,
and development scale of enterprises.

(3) More people commuted within 5 km, which is reflected in the proportion of happy commuters,
was conducive to the innovative development of sci-tech enterprises. However, the shorter
average commuting distance was not necessarily better. The increase in the proportion of
commuters within 5 km was not conducive to the agglomeration of enterprises. The shortening
of the average commute distance may also hinder the expansion of the development scale and
the improvement of financial status.

The contribution of this study can be seen more clearly when it is compared with previous
studies. First, some studies believed that a balanced jobs–housing relationship has a positive impact on
optimizing urban spatial structure, alleviating traffic congestion and realizing intensive utilization of
urban land resources, which is helpful to solve the problems in the process of urbanization. These views
have been validated in this study. However, in addition, this study also found that the jobs–housing
relationship was correlated with the agglomeration and innovative development of enterprises in the
STPs. Furthermore, most previous studies argued that the commuting distance should not be too
long and should be controlled within a certain range. This has also been verified. However, it was
further discovered in this study that the average commuting distance in an area should be neither too
long nor too short. Too short a commuting distance may have a negative impact on the expansion of
development scale and the improvement of financial status of enterprises in the STPs.

Some suggestions are put forward for the future practice of STPs and planning of new
urban districts.

First, in the early stage of urban construction, sufficient residential capacity should be allocated,
and a reasonable location and distribution should be planned within a certain range around the
industrial parks, based on the consideration of the scale and future development trend of the industrial
parks. Proper planning and mixed layout of residential area and other urban functional space around
the STPs may form a balanced jobs–housing relationship that may promote the development of STPs
and stimulate the vitality of new urban districts.
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In addition, a good living condition and environment should be provided in order to let talents
settle down, besides vigorously introducing talents. In the early stage of the development of new urban
districts, most of the residents are local residents engaged in traditional industries or agriculture and lack
high-tech knowledge and abilities. They have the labor force and need more employment opportunities
provided by the enterprises. This has promoted the agglomeration of enterprises, especially some
service industries related to the sci-tech industrial chain and intelligent equipment manufacturing
industry transformed from traditional manufacturing industry, to a certain extent. When the industrial
agglomeration reaches a certain scale and produces positive effects, it will attract more enterprises to
settle in. However, besides the agglomeration of enterprises in quantity, the innovative development
level of enterprises in quality should be constantly improved. The employees of STPs are mainly
high-end talents engaged in sci-tech industry with certain knowledge level and innovation ability.
They provide a continuously strong driving force for the innovation and development of hi-tech
enterprises. This will also have a positive impact on the development of enterprises in the STPs.

Finally, a more flexible mixed use of urban land should be adopted in urban planning within
a certain urban scale; working space and living space need to be mixed at an appropriate medium
streets(town) scale and distance—to be close but not too close. Indeed, commuting within 5 km may
be conducive to the improvement of employees’ work efficiency and has a positive impact on the
development of sci-tech enterprise. However, this study also finds that the increase in the proportion
of happy commuters and the shortening of the average commuting distance may have a restraining
effect on the development of STPs. This indicates that the shorter commuting distance is not always
better and the working and living space needs to be mixed on a certain range and spatial scale. For the
STPs, industrial agglomeration needs sufficient space carrier. If too many residential areas and public
service spaces are built around the parks, it will occupy the development space of the enterprises,
which is not conducive to the formation of industrial chain and industrial cluster effect. On the other
hand, for the residential area, too close to the STPs will also bring some negative effects. It destroys
the relative independence and integrity of the residential area and is not conducive to ensuring the
quality of life and the safety of living. For the residents, it will blur the boundary between work and
life. They need a buffer zone to separate work and life so that they can relax completely after work.

This study was an application of geographic information in urban space research. It provides a
reference for the development of STPs in the new urban districts and the application of mixed use in
future urban space planning and supports future research and practice of industry–city integration
and urbanization. The Corridor is one of the most innovative and vibrant economic hubs in China
in the era of digitalization, which provides abundant samples for this study. This study is of great
significance for timely summing up the wisdom of innovation and development from China.

There are some limitations in this study in terms of data bias and indicator selection. First,
there may be selection bias in the acquisition of LBS data. The data came from mobile phone location
information of people who work and live in specific places during specific time periods. Bias can
come from different use frequencies in different user groups in terms of age, gender, and income level.
Second, some indicators related to the jobs–housing relationship and the innovative development
of STPS were selected according to previous studies and national standards. However, only some
of the available indicators were selected as variables, which may have had an impact on the results.
Moreover, due to the confidentiality of economic data, some enterprises’ information was not disclosed,
and the data sample did not cover all of the enterprises in the Corridor.

Future research will extend the conclusions of the research by conducting analysis in sci-tech
parks in different regions for comparison. Furthermore, the effects of transportation accessibility
on the jobs–housing relationship and the influences on the development of STPs will be explored.
Additionally, the research field will be extended to other aspects such as society, economy, culture
and ecology, and explore new attitudes, new ideas, and new methods for the development of STPs
and the new urban districts in the context of the future innovation economy and the development
of urbanization.
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