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Abstract 

The main purpose of this paper is to examine how the spatial distribution of the 
accommodation industry evolved in areas with a high-speed railway (HSR) station. 
We collected 419 points of interest (POI) data on the accommodation industry within 
a 3km radius of a high-speed railway station, the Beijingnan HSR Station in Beijing 
the capital city of China were collected. A range of coefficients and indices such as 
kernel density, Ripley's K function, nearest neighbor index, and standard deviation 
ellipse were used as analytical tools The results indicate that the continuous and 
phased growth in accommodations can be observed in the Beijingnan HSR Station 
area over the past two decades. The spatial distribution represents a circle 
agglomeration, and the significant agglomeration happened in the core circle and the 
periphery circle. Further analysis shows different types of accommodations present 
diverse agglomeration states. The study has implications for both the research and 
practice of HSR networks and the development of the accommodation sector. 

Keywords: HSR station, accommodation industry, spatial structure, agglomeration, 
evolution 
  



 

 

1. Introduction 

As a revolution in the history of transportation, high-speed railway (HSR) 
networks have created a profound impact on socio-economic development (Ahlfeldt 
and Feddersen, 2017; Liu et al., 2021), and have consistently received research 
attention in the tourism and hospitality literature. Accessibility as provided by HSRs, 
as the main factor boosting opportunities for cities in the network, has been examined 
and achieved consensus. This was based on the assertion that the value of proximity 
to accessibility points is capitalized on the value of properties in the station’s 
neighborhood (Debrezion et al., 2007). HSR stations are believed as the first step in a 
planning process striving to achieve sustainable development for the urban area 
(Reusser et al., 2008). At the forefront of the cities’ communication with other areas, 
the stations serve as gateways that bring massive flows (of people, logistics, 
information, and others) to the city, and the neighborhood surrounding the HSRs 
station is a perfect choice as a new business district, for example, the Lille’s 
‘Euralille’ project (Newman and Thornley, 1995; Moulaert et al., 2001), Lyon Part 
Dieu (Bonnafous, 1987; Mannone, 1997), and Amsterdam Zuid (Trip, 2008; 
Willigers, 2008). Cities with an HSR station often aim to display a modern image and 
strive to turn the HSR station into a high-quality urban center (Trip, 2008). 
Understanding the changes in local spatial structure driven by the HSR stations is 
critical for both academic research and the urban development of cities with an HSR 
station.  

Previous research has found significant links between HSRs and the value or 
price of real estate and property (Chen and Haynes, 2015), tourism development 
(Albalate and Fageda, 2016; Campa et al., 2016; Guirao and Campa, 2016; Kurihara 
and Wu, 2016; Albalate et al., 2017; Gutiérrez and Ortuño, 2017; Pagliara et al., 2017; 
Li and Chen, 2019), land-use (Chen et al., 2021), and manufacturing (Sun et al., 
2017). Other research related to HSRs has examined the equity problem (Cavallaro et 
al., 2020), labor market (Zhang, 2021), environmental change (He et al., 2015; Chen 
et al., 2016; Villalba Sanchis et al., 2020), and innovation activities (Zeng et al., 
2021). However, there is little empirical research examining the industrial spatial 
structure characteristic and changes driven by the HSR stations, even though it has 
been almost 10 years since the relevant question was raised: whether HSR stations 
can become the generators of new local poles of urban development in 2013 (Banister 
and Givoni, 2013).  

This study thus aims to address the above research gap by examining the spatial 
distribution of the accommodation industry in the area surrounding an HSR station, 
considering the close relationship between travel and accommodation. Specifically, 
we aim to identify:  

a) the characteristics of accommodation spatial distribution in the area 
surrounding an HSR station; 

b) the differences in spatial distributions across the various types of 
accommodation as influenced by the HSR station; and  



 

 

c) the changes in the distribution over time since the operation of HSR services.  

We choose the Beijingnan HSR Station in Beijing, China as the studying case. 
This is because the country has over 800 HSR stations, with the longest HSRs 
operation distances in the world; and Beijingnan station was once a traditional railway 
station and locates in an urban area, which means it is a typical HSR station 
transformed from traditional railway stations.  

We use Point of Interest (POI) data and other public information on a leading 
online tourism agency (OTA) website to describe accommodation distribution, and 
collect all the information within the neighborhood within a radius of 3.0 km from 
Beijingnan Railway Station. Several indexes such as Ripley's K function, kernel 
density estimation, nearest neighbor index, and standard deviational ellipse are used 
to characterize the spatial agglomeration and evolution.   

2. Literature review 

2.1 HSR station and the distribution of economic activities in its surrounding area 

An HSR station is not just a transportation node, but also has the opportunity to 
play the role of an urban central place (Bertolini, 1999). The construction of an HSR 
station is first accompanied by a change in land use. The growth rate of land use 
surrounding the HSR station is usually higher than that of the whole city (Wang et al., 
2019). Furthermore, the improved accessibility (Ortega et al., 2012), transport 
facilities, and modern image (Niu et al., 2021) attract people and businesses to gather 
in the area, leading to enterprise agglomeration (Eom et al., 2020). Commerce and 
housing spring up, creating new activities and employment centers (Kamga, 2015). 
These make the neighborhood more accessible, and further boost economic activities 
(Chatman and Noland, 2014). However, the catalytic effect of HSR stations on urban 
development is not always effective. European cases show that HSR stations do play a 
role in promoting urban development in first-and second-tier cities, while do not bring 
any catalysis in other cities (Loukaitou-Sideris et al., 2012). Similar cases can be 
observed in China. The HSR station in Huangzhou has a significant impact on the 
value of nearby residential properties, while the HSR station in Guangzhou has no 
significant influence on economic activities in its surrounding area (Diao et al., 2017).  

Some researchers speculate that the different influences might be determined by 
geographical spatial ranges (Debrezion et al., 2007; Geng et al., 2015), and the vitality 
of urban activities surrounding the station may be dependent on the spatial context 
around it (Kim et al., 2018). The ‘node-place’ model can be used to understand the 
balanced development process in the station area (Chorus and Bertolini, 2011), and 
the development zones surrounding an HSR station can be categorized as primary, 
secondary, and tertiary zones (Schütz, 1998). The basic and derivative service 
industries are mainly concentrated in the primary and secondary zones, while the 
related service industries are mainly distributed in the secondary and tertiary zones 
(Wang et al., 2021). While the impact of an HSR station on the location choice of 
enterprises in the station area has been well recognized (Beckerich et al., 2017), there 



 

 

is currently little research on the spatiotemporal structure evolution of the economic 
activities in the HSR station areas, particularly the accommodation industry.   

2.2 HSR station and the development of the accommodation industry   

The accommodation industry, aka lodging industry, is important content in 
traveling industry, and is also an important part in the urban economics. Therefore, the 
evolution discipline of the location selection and spatial structure of the hotel industry 
have become the traditional and hot topics of academic research, which can be 
classified as a component of geography of tourism (Van Doren and Gustke, 1982).  

Traffic conditions are always important factor discussed in the location selection 
of hotels. Except of traffic convivence, specific considerations for hotels’ location 
selection are claims as local economic environment, regional or zone regulations, 
height limit of buildings, car park facilities, public facilities, geographic factors, 
natural resources, the size of the location(Gray and Liguori, 1998), fine visual 
perception, public facilities and other services, application of certain regulations, and 
flexible space by Pan (2002) and political factors (Shoval and Cohen-Hattab, 2001). 
Chou et al.(2008) presented a fuzzy multi-criteria decision making model for hotel 
location selection, which has 21 criteria. Traffic condition, as one of the four 
perspectives, is complained as two factors (access and convenience) and 7 criteria. In 
recent research, road accessibility, transportation facilities, public service 
infrastructure, land use types, urban population, attractions are all important 
determinants(Yang et al., 2012; Li et al., 2015). 

Concepts in location theory can explain why traffic and transportation are so 
important to hotel industry. Two key concepts in central place theory, service scope 
and demand threshold, are basic operation principle for hotel. Spots with convenient 
traffic and transportation can bring customers from specific distance to the hotel to 
ensure minimum consumer number.  

What spots are the fine locations for hotels? Empirical research and modelling 
work tried to find the answer. Research before Ritter (1986)find that location of 
historical core and most of the attractions. Data from the U.S. department of 
Commerce Census of Business in 1963, 1972, and 1977 were compared to analyze the 
spatial growth points of the U.S. lodging industry (Van Doren and Gustke, 1982). The 
results point to major lodging growth areas in the Sunbelt states with central Florida, 
Las Vegas, Nevada and Hawaii as outstanding nodes of development. Arbel and 
Pizam (1977), Wall et al.(1985), and Hofmayer (1986) demonstrated that hotels prefer 
to locate near the city center, which is the heart of circular model of land use proposed 
by Yokeno (1968). While, as maker and breaker of cities, transportation technology 
changes things. Ritter (1986)proposed a model based on the study of the distribution 
of Nureberg’s hotels to explain the spatial structure of hotel industry, and the model 
claims for the first time that hotels tend to be concentrated close to the train station 
after the introduction of railways. The fast train era led to an increase in the 
importance of hotel districts close to railway stations. Not only cities connected to the 
HSR network have seen significant growth in employment in the accommodation 



 

 

industry (Dong, 2018), but also higher frequency HSR service systems or HSR 
stations generally have higher hotel occupancy rates (Deng et al., 2020). Empirical 
evidence suggests that the opening of the HSR has promoted industrial clustering in 
the accommodation industry in the Guangdong-Hong Kong-Macau Greater Bay Area 
(Fang et al., 2020) as well. Being the perfect location for hotel industry with the most 
convenient traffic condition, we have enough theoretical evidence to believe that fast 
train station witnesses the boost of hotel industry, and this paper will demonstrate this 
hypothesis with empirical research based on data collected from Beijingnan HSR 
station. 

In fact, early back to 2001, Shoval and Cohen-Hattab criticized that ed that Ritter 
ignored the type of hotels. In recent decades, star rating, or we can say, the type of 
hotels has come into research's attention. Lei and Lam (2015) found that star rating 
has a negative impact on the hotel performance. The relationship between the degree 
of agglomeration and hotel type (usually can be described as the cost) is an inverted 
‘U’-shape (Marco-Lajara et al., 2014). The agglomeration effect is heterogeneous for 
different types of hotels (Yang et al., 2014), and lower-end hotels are more likely to 
receive positive spillover effects by co-locating in a cluster with upscale hotels 
(Canina et al., 2005), which can be seen the same distribution pattern from Airbnb 
(Gutiérrez et al., 2017). 

When studying different types of hotels’ distribution character from 
transportation perspectives, two opposite opinions exist. One view is that upscale 
hotels tend to be located in transportation hubs, as well as urban centers, key scenic 
spots and peripheral new cities(Li et al., 2020). The other is that transportation hubs, 
take HSR station as example, can only affect budget hotels’ distribution not luxury 
hotels(Deng et al., 2020). Being one of the most important transportation hubs, what 
characters will be shown when different types of hotels distribute in HSR stations 
needs more empirical study. Beijingnan HSR station will be took as the case to 
illustrate four types of hotels’ distribution characters and changes along with fast 
trains operation. 

 

3. Methodology  

3.1 Beijingnan HSR Station, Beijing   

Beijingnan HSR Station locates in Fengtai District, Beijing, and was founded in 
1897, when it was called Majiabu Station and served railway lines connecting Beijing 
and cities south of Beijing. The transformation of the station into an HSR station 
started in 2006, and was completed and opened for service in 2008 with the operation 
of the Beijing-Tianjin Intercity High-Speed Rail Service. Beijingnan HSR station is 
the first large-scale comprehensive transportation hub in China, which integrates 
HSRs with other public transport services such as regular trains, subways, buses, and 
taxis. The HSR Station now has four tracks and 13 platforms covering an area of 32 
hectares, and has become a landmark in Beijing. Fig. 1 shows the pictures of 
Beijingnan Station before and after its transformation into an HSR station. 



 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Beijingnan HSR Station (Source: 
http://blog.sina.com.cn/s/blog_45d4d1900100s1ni.html  and  
https://linyi.tuchong.com/17037544/)  

As a specific regional concept in urban spatial structure, HSR station area has not 
been universally defined, but its character and function have been widely 
acknowledged (Ribalaygua and Perez-Del-Caño, 2019). In this study, we define the 
HSR station area as an area that has been developed and centered with the 
construction of an HSR station. Based on the literature (Sorensen, 2000; Wang et al., 
2019), we took 3.0 km as the maximum radius as the boundary of the HSR station 
area which is the average acceptable distance for passengers to travel by car (Wang et 
al., 2012). We divided the area within the radius of 3.0 km surrounding the Beijingnan 
HSR Station by 500 m into six circles, to observe the distribution characteristics of 
the accommodation industry. 

3.2 Data collection  

This study takes Amap LBS Service (https://lbs.amap.com/) as the basic data 
source. According to the POI classification of the platform, we use “accommodation 
service” as the keyword to obtain the overall POI data of the accommodation industry 
in Beijing in September 2021. POI refers to a geographical entity that is closely 
related to socio-economic activities, and can be described by commercial facilities, 
bus stations, high buildings, and so on in Geographical Information System (Lu et al., 
2020). POI is inextricably linked to modern (mobile) search, recommender systems, 
location-based social networks, transportation studies, navigation and tourism 
systems, urban planning, predictive geo-analytics such as crime forecasting, and so 
forth (McKenzie et al., 2015). Compared with traditional data, POI data has the 
advantages of a large sample size and easy access, and it can reveal the distribution of 
the industry in the station area on the micro-scale more effectively and 
comprehensively.  

Arcgis 10.2 is used to spatialize the data and extract data by taking Beijingnan 
HSR Station as the center and 3.0 km as the radius. A total of 453 items of 
accommodation information in the station area are obtained initially. 

http://blog.sina.com.cn/s/blog_45d4d1900100s1ni.html
https://linyi.tuchong.com/17037544/


 

 

The types of accommodation were classified into four categories based on 
previous studies (Leung et al., 2018; Yi et al., 2021), matching the classification of 
hotels on the key online travel platforms, including Meituan, Ctrip and TripAdvisor: 
Ordinary accommodation includes inns and guesthouses; Shared accommodation 
includes day rentals and homestays; Economy accommodation includes economic 
chain hotels, and two-star and below hotels; Three-star and above hotels and those 
hotels not star-rated but labeled as luxurious are classified as Quality accommodation.  

With the help of Meituan, Ctrip, Tongcheng-Elong and other OTA websites, all 
accommodation enterprises are double-checked one by one, matching the opening 
date and grade type information. After the whole data checking and cleaning, 
including removing hotels that opened after 2020, a total of 419 accommodation 
enterprises’ POIs in the area of Beijingnan HSR Station were retained, including the 
enterprise’s name, geographical location, opening date, and type. In order to ensure 
the accuracy of the data, five accommodation enterprises were randomly selected 
from each category and the authors went for a field investigation to make sure all the 
information are correct. After verifying that the actual situation is consistent with the 
data collected, the POI database of the accommodation industry in Beijingnan 
Railway Station is constructed (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. POIs of accommodation in Beijingnan HSR Station Area 

3.3 Measures of the accommodation spatial distribution    

In this study, we use four indexes to analyze the spatial distribution and evolution 
characteristics of the accommodation industry in the HSR station area from different 
perspectives. Kernel density estimation (KDE) reflects the relative concentration 
degree of points distribution in the station area, and Ripley’s K function can show the 
agglomeration state of the accommodation industry at different distance scales. They 
are the overall spatial structure characteristics. Nearest neighbor index (NNI) and 
standard deviational ellipse (SDE) are chosen to measure the evolution process of the 
accommodation industry in the station area, which can help us to understand the 
regularity of dynamic change. 



 

 

3.3.1 Kernel density estimation 

KDE is a nonparametric spatial analysis method (Xie and Yan, 2008; Zhu et al., 
2017), which is widely used in the spatial agglomeration analysis of point data. The 
method is mathematically represented as follows:  

 𝑓𝑓(𝑋𝑋) = 1
𝑛𝑛ℎ𝑑𝑑

𝛴𝛴𝑖𝑖=1𝑛𝑛 𝐾𝐾 �𝑥𝑥−𝑥𝑥𝑖𝑖
ℎ
�                      (1) 

Where 𝑓𝑓(𝑋𝑋) refers to the KDE, 𝑛𝑛 is the number of accommodation 
enterprises，  𝑑𝑑is the dimension, 𝐾𝐾 represents the spatial weight, and ℎ is the 
threshold value of distance attenuation, that is, bandwidth. Generally, the farther away 
from the event 𝑥𝑥𝑖𝑖, the smaller the spatial weight. (𝑥𝑥 − 𝑥𝑥𝑖𝑖) represents the distance 
from the estimated point 𝑥𝑥 to the event 𝑥𝑥𝑖𝑖. 

3.3.2 Ripley’s K function  

Spatial distance is a critical parameter to describe the distribution characteristics 
of spatial elements. Based on different spatial distances, spatial elements usually act 
out different agglomeration patterns (Gao and Jin, 2015). Ripley's K function is an 
analysis function for calculating cumulative distribution, which can be used to explore 
the agglomeration and diffusion of point elements at different distances. It has the 
advantages of accuracy, simplicity, and ease of use. Furthermore, it is suitable for 
multi-scale spatial pattern analysis (Okabe and Yamada, 2001), and is widely used in 
small-scale studies as well (Jung and Jang, 2019).  

The common transformation of the K function, also known as 𝐿𝐿(𝑑𝑑) is: 

𝐿𝐿(𝑑𝑑) = �𝐴𝐴∑ ∑ 𝑘𝑘(𝑖𝑖,𝑗𝑗)
𝑛𝑛
𝑗𝑗=1

𝑛𝑛
𝑖𝑖=1

𝜋𝜋𝑛𝑛(𝑛𝑛−1) ， (𝑖𝑖 ≠ 𝑗𝑗)                  (2) 

where, 𝑑𝑑 is the distance, 𝐴𝐴 represents the acreage of the research area, 𝑛𝑛 

represents the number of research elements, and 𝑘𝑘(𝑖𝑖,𝑗𝑗) is the factor’s weight. When 

the distance between point 𝑖𝑖 and point 𝑗𝑗 is less than 𝑑𝑑, the weight is 1. Otherwise, it 
is 0. Five parameters are returned after being calculated with ArcGIS 10.2: 
Observed K, Expected K, Diff K(difference between the first two parameters), the 
highest confidence interval (Hi Conf Env), and the lowest confidence interval (Lw 
Conf Env). Diff K > 0 indicates that the spatial clustering degree of the distance is 
higher than that of the random distribution of the distance. Otherwise, it indicates that 
the dispersion degree of the distribution is higher. Diff K means the corresponding 
distance has the strongest spatial clustering significance. Confidence intervals are 
used to measure whether spatial clustering or dispersion has statistical significance. 

3.3.3 Nearest neighbor index 

NNI is used to analyze the agglomeration and dispersion of economic activities. 
Wang et al. (2014) analyzed the agglomeration and dispersion of various retail stores 
in Changchun based on NNI from the perspective of street centrality. Based on the 
average nearest neighbor tool in ArcGIS 10.2, this paper first calculated the distance 
between each factor of interest and its nearest factor, and then calculated the average 



 

 

value of all the nearest neighbor distances. NNI < 1 means the pattern is clustering, 
otherwise, the pattern tends to diffuse. The expression is: 

                                              𝑁𝑁𝑁𝑁𝑁𝑁 = 𝐷𝐷𝑜𝑜���� 𝐷𝐷𝐸𝐸����⁄                            （3） 

                                              𝐷𝐷0��� = � 𝑚𝑚𝑚𝑚𝑚𝑚�𝑑𝑑𝑖𝑖𝑖𝑖�
𝑛𝑛

𝑛𝑛

𝑖𝑖=1
                       （4） 

 𝐷𝐷𝐸𝐸���� = 1
2
�𝐴𝐴
𝑛𝑛
                                （5） 

Where, 𝐷𝐷0��� is the actual mean nearest neighbor distance between factor 
points, 𝐷𝐷𝐸𝐸���� is the ideal average distance between POI points in accommodation, 
i and j are arbitrary two POI points, A is the regional area, and n is the number 
of elements. 

3.3.4 Standard deviational ellipse 

SDE is an algorithm that analyzes the direction and distribution of point 
elements. It can describe quantificationally the spatial distribution situation and 
evolution characteristics of the research objects through the spatial distribution ellipse 
with the center point, azimuth, long semi-axis and short semi-axis as the basic 
parameters (Lefever, 1926). Shi et al. (2021) analyzed the spatial attributes of 
Meituan take-away from the business district perspective by using SDE. The center 
point of the ellipse represents the relative position of the spatial distribution of the 
elements, the long semiaxis represents the distribution direction of data, the short 
semiaxis represents the distribution range, and the azimuth represents the angle 
formed by clockwise rotation from due north to the long semiaxis of the ellipse. The 
larger the difference between the values of the long and short semiaxes, the larger the 
flattening, and the more obvious the directivity of the data. The calculation formula is 
as follows: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑥𝑥 = �∑ (𝑥𝑥𝑖𝑖−𝑋𝑋�)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛
                           （6） 

𝑆𝑆𝑆𝑆𝑆𝑆𝑦𝑦 = �∑ (𝑦𝑦𝑖𝑖−𝑌𝑌�)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛
                           （7） 

where 𝑥𝑥𝑖𝑖 and 𝑦𝑦𝑖𝑖  are the coordinates of element i, {𝑋𝑋�,𝑌𝑌�}represents the average 
center of elements, and n is the total number of elements. 

The calculation method of rotation angle is as follows: 

tan𝜃𝜃 = 𝐴𝐴+𝐵𝐵
𝐶𝐶

                            （8） 

 𝐴𝐴 = �∑ 𝑥𝑥�𝑖𝑖2𝑛𝑛
𝑖𝑖=1 − ∑ 𝑦𝑦�𝑖𝑖2𝑛𝑛

𝑖𝑖=1 �                   （9）  

𝐵𝐵 = ��∑ 𝑥𝑥�𝑖𝑖2𝑛𝑛
𝑖𝑖=1 − ∑ 𝑦𝑦�𝑖𝑖2𝑛𝑛

𝑖𝑖=1 �
2

+ 4(∑ 𝑥𝑥�𝑖𝑖𝑛𝑛
𝑖𝑖=1 𝑦𝑦�𝑖𝑖)2    （10） 

𝐶𝐶 = 2∑ 𝑥𝑥�𝑖𝑖𝑦𝑦�𝑖𝑖𝑛𝑛
𝑖𝑖=1                        （11） 

𝑥𝑥�𝑖𝑖 and 𝑦𝑦�𝑖𝑖 are the difference between the mean center and the xy coordinates.  

The standard deviation of the x-axis and y-axis is: 



 

 

𝜎𝜎𝑥𝑥 = √2�∑ (𝑥𝑥�𝑖𝑖 cos𝜃𝜃−𝑦𝑦�𝑖𝑖 sin𝜃𝜃)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛
                    （12） 

𝜎𝜎𝑦𝑦 = √2�∑ (𝑥𝑥�𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠 𝜃𝜃−𝑦𝑦�𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛
                    （13） 

4. Results 

4.1 Overall quantitative characteristics and changes over time  

Fig.3. shows the changes in the size of the accommodation enterprises across the 
four categories from 2001 to 2020.    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Statistics of accommodation industry in the study area (2001-2020) 
 
The accommodation industry shows continuous growth from 2001 to 2020, 

which we can get from the fact that there are newly opened enterprises in the area 
each year, even in 2006, the year when Beijingnan Railway Station was closed for 
renovation. While it is not average but phased growth during the study period. The 
growth rate over the past 20 years shows that the growth reached its stage peak in 
2005, 2008, 2011, 2015, and 2018 respectively, with the highest growth rate of 35% in 
2008. The lowest growth rate is in 2006. From the overall trend, the growth rate in the 
first decade is higher than in the second decade. 

The growth trends over time vary across the types of accommodation enterprises. 
Quality accommodations show continual growth, especially after 2016; Shared 
accommodations have significant growth in the later decade, while there was not 
much growth in the first decade; Economy and Ordinary accommodations show a 
similar trend of growth, with growth rates increasing first and decreasing later. 
However, the peaks are different: Economy accommodations have a continual growth 
peak in 2014-2018, while ordinary accommodations have a peak in 2007-2009 and 
2013-2016. 
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4.2 Spatial characteristic analysis  

4.2.1 Circle structure analysis 

 KDE method in ArcGIS10.2 was used to conduct spatial analysis on POI data 
of the accommodation industry in Beijingnan HSR station area, and the results are 
shown in Fig. 4  

 

 
Fig. 4. Accommodation kernel density estimation 

 
The overall spatial distribution has three characteristics, which can be observed 

in Fig.4 (a). First, circles of 0-1000m and 2000-3000m have a higher density than the 
circle of 1000-2000m. Secondly, the density of the northwest-southeast diagonal is 
higher than that of the northeast-southwest diagonal. Finally, the west of the station 
has the lowest density in the whole picture.  

The distribution characteristics vary across the different types. Fig.4 (b) shows 
the Ordinary accommodations spatial distribution, the highest density appears in the 
circle of 0-500m, and several agglomeration points are relatively evenly distributed in 
other circles. Shared accommodation has a unique and obvious characteristic in 
spatial distribution, that is, there are only a few aggregation points in a limited number 
of places, and the density in other places is quite low (Fig. 4c). Economy 
accommodation’s distribution characteristic can be described as coexisting of evenly 
distributed and relatively concentrated (Fig. 4d). We can find medium and over 
medium density spots in every circle, and higher density in several spots. Quality 

b. Ordinary accommodation c. Shared accommodation 

e. Quality accommodation 

a. Overall accommodation 

d. Economy accommodation 



 

 

accommodation in each circle has a gathering performance, but the highest density is 
mainly in the 2~3 km circle (Fig. 4e). 

When examining the characteristics of different circles, we found that the 
distribution of ordinary accommodation is more concentrated in the circle of 0-500m, 
economy accommodations tend to locate in the circle of 500-1000m, and quality 
accommodation is found to agglomerate in the circle of 2000-3000m.   

4.2.2 Distance pattern analysis 

The multi-distance spatial clustering analysis tool of the spatial classification 
model based on Ripley’s K in ArcGIS10.2 was used to further explore the distance 
relationship and distribution pattern of the accommodation industry in the HSR 
station area on a certain spatial scale. The initial distance is set at 0 and the 
incremental distance is set at 100 meters. After 30 iterations, the observed values of 
the overall and four types of accommodation at different distance scales are analyzed. 
The analysis results can be interpreted as: the observed values of the analysis 
objectives are greater than the high value of the confidence interval within a certain 
distance, and its aggregation distribution statistics have good significance; and the 
intersection of the observed value curve and the expected value curve indicates that 
there is aggregation differentiation within this distance. The larger the difference 
between the observation distance and the expected distance, it indicates the degree of 
aggregation is the most significant. The results are shown in Fig. 5. 

We notice that the observed values of the whole and various types of 
accommodation industry are greater than the high value of the confidence interval 
within a certain distance, and its aggregation distribution statistics are significant. 
Observing the intersection of the observed value curve and expected value curve, we 
found that: the overall accommodation industry is clustered within the distance scale 
of 1700m, and dispersed over 1700m; Ordinary accommodations are aggregated 
within 1600m, and dispersed in the distance longer than 1600m; Shared 
accommodations are clustered within 1400m, and dispersed when it is longer than 
1400m; Economic accommodations are clustered within 1200m, and dispersed in 
longer than 1200m; Quality accommodations are clustered within 900m, and 
dispersed above 900m. 

Fig. 5 further illustrates that the best aggregation distances of various types of 
accommodation industry are 700m for overall accommodation, 400m for ordinary 
accommodation, 100m for shared accommodation, 300m for economic 
accommodation, and 200m for quality accommodation. We can see that the best 
gathering distance for the accommodation industry in the HSR station area is within 
1km. The four different types of accommodation industry show a certain aggregation 
state in spatial distribution, the best agglomeration distance is within 500m, and the 
maximum agglomeration scale is within 2km.  



 

 

 

 

Fig. 5. Multi-distance spatial clustering  

4.3 Temporal evolution characteristics 

4.3.1 Evolution of agglomeration characteristic 

The nearest neighbor index analysis tool of ArcGIS10.2 was used to explore the 
spatial agglomeration of accommodation enterprises in the HSR station area in 
different years, and the results are shown in Table 1. 

 
Table 1.  The nearest neighbor index results in 2001-2020 

Time NNI p Time NNI p 
2001 1.171 0.102 2011 0.863 0.003 
2002 1.216 0.031 2012 0.830 0.000 
2003 1.115 0.236 2013 0.794 0.000 
2004 0.998 0.975 2014 0.753 0.000 
2005 0.909 0.240 2015 0.742 0.000 
2006 0.901 0.193 2016 0.732 0.000 
2007 0.918 0.215 2017 0.704 0.000 
2008 0.835 0.003 2018 0.703 0.000 
2009 0.827 0.000 2019 0.683 0.000 
2010 0.839 0.000 2020 0.685 0.000 

 
Accommodation industry in the study area is random in 2001-2007, because NNI 

is bigger than 1 in 2001-2003, and even NNI is smaller than 1 but P value did not pass 
the significance test; and NNI is smaller from 2008 and continual smaller over the 
time, which means that the accommodation in Beijingnan HSR station area started 
agglomeration from 2008, and the level of agglomeration level is higher and higher.   
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4.3.2 Evolution of spatial distribution center  

SDE analysis results, which are shown in Fig. 6, describe the evolution of the 
accommodation industry spatial distribution over time. First, the distribution presents 
a ‘Northwest-Southeast’ pattern, and the range is expanding year by year from 2001 to 
2020. Secondly, the mean center moving track, which is displayed in the right part of 
Fig.6, shows a moving direction from Northeast to Southwest, and keeping closer and 
moving faster to the station.  

 
 
 
 
 
 
 
 
 
Fig. 6. Standard deviational ellipse and mean centers 

 

 

 

 

 

 

5. Discussion and conclusion   

Taking the Beijingnan HSR Station area as a studying case, this study reveals the 
spatial distribution and temporal evolution characteristics of the accommodation 
industry in an HSR station area based on KDE, Ripley' K function, NNI, and SDE by 
using the POI data of the accommodation industry. The results show that the 
accommodation industry in the HSR station presents the spatial characteristics of 
circle distribution and temporal evolution discipline. Furthermore, there are diverse 
growing trends and different clustering distances across different accommodation 
types.   

5.1 Study contributions  

The study reveals the phrased growth characteristic of the accommodation 
industry in the Beijingnan station area and several peaks are 2008, 2011, 2015, and 
2018. The results confirm the periodic view of the impact of HSR on urban economic 
growth (Huang and Xu, 2021). Another peak appeared in 2005, which is earlier than 
the operation of HSR, supporting the findings by (Huang and Du, 2020) that the 
spillover effects of HSR on developed cities start to appear even during the 
construction period. The highest growth rate of 35% happened in 2008 which is the 



 

 

exact year of Jingjin HSR operation, which shows that HSRs will first promote the 
development of tourism and service industries (Masson and Petiot, 2009; Pagliara et 
al., 2017). We also found that quality accommodation has the most significant growth 
in Beijingnan HSR station, indicating that high quality and high profitable activities 
will be located around HSRs stations, and HSR stations would be the generators of 
the cities (Wenner and Thierstein, 2021). 

In this study, we found that the spatial distribution of the accommodation 
industry in the HSR station area represents a circle agglomeration, with the most 
significant agglomeration in the core circle (0-1000 m) and the periphery circle (2000-
3000 m), which enriches the research on the spatial layout of HSR station area. In 
contrast, previous studies show that gathering spots appear in the range of 5km around 
the HSR station (Eom et al., 2020), and the changes in land use by HSR are 
concentrated within 2km from the stations (Wang et al., 2019).   

This study examines different types of accommodations’ spatial distribution 
characteristics. Different types of accommodation facilities in HSR stations present 
diverse agglomeration states at different distances, but the whole variant trend is 
identical. The best agglomeration distance of the four types of accommodation is 
within 500m, and the maximum agglomeration scale is within 2km. We found that the 
higher class the accommodation is, the shorter the distance and the smaller the scale 
of maximum agglomeration is. The conclusion shows the same rule in the catering 
industry (Jung and Jang, 2019). 

The characteristics of the spatial distribution vary across the different types of 
accommodations. Budget hotels tend to choose converted buildings located on the 
edge of the city center (Nield et al., 2014) and places close to high-quality hotels 
(Huang et al., 2014). The improvement of accommodation standards increases the 
proportion of high star rating hotels in new hotels (Rogerson, 2013). The 
concentration of shared accommodation has accelerated the “Gentrification” of the 
region (La et al., 2021), which will further squeeze the market for ordinary 
accommodation.  

The accommodation industry in the Beijingnan HSR station area started to gather 
after the opening of the station. The degree of agglomeration was continuously 
strengthened, and the distribution center moved closer to the station year by year. 
Previous studies suggest that the location choice of new enterprises is affected by the 
agglomeration economy and HSR accessibility (Chang and Zheng, 2022), and the 
agglomeration effect varies with industrial types and geographical conditions. The 
accommodation industry has higher labor productivity in the area with stronger TOD 
characteristics (Lyu et al., 2020). The longer the opening time of the HSR station, the 
better the infrastructure construction of the station area, and the more complete the 
industrial functions. After the formation of the high-speed rail urban sub-center, the 
urban center is no longer the only ideal area for the spatial layout of the hotel industry 
due to the polycentric development of the hotel industry (Li et al., 2020). The location 
advantages of the high-speed railway station area attract the influx of the 
accommodation industry, and gradually form a mature agglomeration economy.  



 

 

5.2 Implications for practice  

The basic conclusions of spatial distribution characteristics and temporal 
evolution of the accommodation industry in the HSR station area obtained in this 
paper can be further applied to the layout planning and construction of the HSR 
station. The conclusions can be used to guide the rational planning and development 
of land in the area around the HSR stations and optimize the allocation of 
accommodations. Governments are committed to setting up high-end business 
districts in the region. The introduction of high-quality projects such as high-star 
hotels can help to bring more activities to the HSR station area. For example, St. 
Pancras International Station was opened during the 2012 London Olympic Games. 
There are five-star hotels in the station area and has become a public art and activity 
place (Kamga, 2015). Changsha South Railway Station area in China has become a 
large urban complex, and one five-star hotel and five other hotels have the station as a 
‘star hotel cluster’. Furthermore, city planners and accommodation enterprises should 
pay more attention to the circle distribution disciplines for different types of 
accommodations, and choose the ‘perfect’ locations for the newly opened enterprises.  

5.3 Limitations and future research  

This study analyzes the agglomeration characteristics of the accommodation industry 
in a specific HSR station located in the center of a large metropolitan city, the findings 
cannot be generalized to all types of HSR stations. Future research will advance the 
field by delving into the mechanism of the effect of HSR stations and the evolution of 
the accommodation industry’s spatial structure by examining the influencing factors 
(e.g., urban energy level, HSR station node-place value) on the differentiation 
characteristics of the spatial structure of the accommodation industry in different 
types of HSR stations.    
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