~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Kato, Haruka

Article
Spatial patterns and geographic characteristics of tourism-
accommodation intensity hotspots in Kyoto city

Annals of Tourism Research Empirical Insights

Provided in Cooperation with:
Elsevier

Suggested Citation: Kato, Haruka (2025) : Spatial patterns and geographic characteristics of tourism-
accommodation intensity hotspots in Kyoto city, Annals of Tourism Research Empirical Insights,
ISSN 2666-9579, Elsevier, Amsterdam, Vol. 6, Iss. 1, pp. 1-9,
https://doi.org/10.1016/j.annale.2025.100178

This Version is available at:
https://hdl.handle.net/10419/337834

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

-. https://creativecommons.org/licenses/by/4.0/
Mitglied der
WWW.ECOMSTOR.EU K@M 3
. J . Leibniz-Gemeinschaft


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1016/j.annale.2025.100178%0A
https://hdl.handle.net/10419/337834
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Annals of Tourism Research Empirical Insights 6 (2025) 100178

o %

ELSEVIER

Contents lists available at ScienceDirect
Annals of Tourism Research Empirical Insights

journal homepage: www.sciencedirect.com/journal/annals-of-tourism-research-empirical-insights

ANNALS

EMPIRICAL INSIGHTS

o

Check for

Spatial patterns and geographic characteristics of tourism-accommodation &

intensity hotspots in Kyoto city™

Haruka Kato

Department of Living Environment Design, Graduate School of Human Life and Ecology, Osaka Metropolitan University, Osaka 558-8585, Japan

ARTICLE INFO ABSTRACT

Editor: Ksenia Kirillova

Keywords:

Tourism-accommodation intensity index
Hotspot analysis

Multiscale geographically weighted regression
Tourism gentrification

Kyoto city

The tourism intensity index can be used to determine the risk of overtourism. This study aimed to clarify the
spatial patterns and geographic characteristics of tourism-accommodation hotspots in Kyoto City. This study
calculated the tourism-accommodation intensity index as the ratio of the number of accommodation rooms to
that of households. The results revealed that tourism-accommodation intensity hotspots emerged in neighbor-
hoods near the periphery of the southeastern historical center. The hotspots emerged in neighborhoods where the
number of rooms has exceeded that of households. Additionally, this study revealed that tourism-accommodation
intensity hotspots were spatially associated with proximity to main stations and world heritage sites. This study’s

findings are useful for developing effective urban zones with total volume control in these neighborhood-units.

1. Introduction

Many tourist cities have suffered from touristification. Moderate
touristification can bring economic benefits to tourist cities. However,
excessive touristification has adverse social effects on residents and
visitors, such as overtourism (UNWTO, 2018). Overtourism is caused by
the overuse of a destination’s resources, infrastructure, or facilities
(Koens, Postma, & Papp, 2018). Therefore, overtourism poses a threat to
sustainable tourism, which is based on resources, activities, and com-
munity traditions (Saarinen, 2006). One serious issue related to over-
tourism is tourism gentrification (Gonzalez-Pérez, 2020). Tourism
gentrification has caused the upscaling of real estate properties (Jover &
Diaz-Parra, 2020) and the displacement of residents (Cocola-Gant,
2023). Displacement has been reported to have occurred in specific local
neighborhoods (Sumka, 1979). However, in some tourist cities,
displacement due to tourism gentrification correlates with population
decline at the neighborhood level throughout the historical center (Kato
& Takizawa, 2022). It has been reported that such population decline is
caused by the transformation of houses into accommodations (Tanaka,
Kato, & Matsushita, 2023). These areas with declining populations are
thought to form hotspots because of disruptions to the appropriate
balance between tourism accommodations and housing at the neigh-
borhood scale.

This study’s research question is as follows: Where are the hotspots
with a disrupted balance between tourism accommodations and

housing? Many studies have analyzed uneven accommodation locations
for hotels and short-term rentals (STRs). The clustering of hotels was
found regardless of the area, such as in rural areas (Sanchez-Martin,
Rengifo-Gallego, & Blas-Morato, 2019), or the scale, including the
country level (Lee, Kang, Terry, & Schuett, 2018). SRTs are also known
to be spatially heterogeneous, formulating not only intraregional clus-
ters but also interregional clusters (Lee, Jang, & Kim, 2020). An
increasing number of accommodations are found in historical city cen-
ters (Alvarez-Herranz & Macedo-Ruiz, 2021; Garcia-Amaya, Temes-
Cordovez, Simancas-Cruz, & Penarrubia-Zaragoza, 2021; Garcia-Ayl-
lon, 2018; Zhang, Chapple, Cao, Dennett, & Smith, 2020). Tourism
clustering benefits regional industrial competitiveness (Jackson &
Murphy, 2006). However, in Barcelona, STRs have begun to cluster not
only in the historical center area but also in some peripheral areas near
the new residential zone (Gutiérrez, Garcia-Palomares, Romanillos, &
Salas-Olmedo, 2017). On the basis of these results, Gutiérrez et al.
(2017) concluded that accommodations caused tourism pressure on
residents in some residential areas. As the results of these studies show,
the ongoing debates on surrounding accommodation clusters have
shifted from the accommodation itself to its relationship with residential
areas. Nevertheless, a research gap exists regarding the geographic
characteristics of hotspots in which the balance between tourism ac-
commodations and housing is disrupted. These geographic characteris-
tics can provide guidance about areas that should be the focus of urban
planning efforts.
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This study aimed to clarify the spatial patterns and geographic
characteristics of tourism-accommodation hotspots from the perspective
of proximity to facility locations. This study analyzed the case of Kyoto
City, one of the most famous tourist cities in the world. In this study, the
tourism-accommodation intensity index was calculated as the ratio of
the number of accommodation rooms to that of households. This study
used the tourism-accommodation intensity index and conducted a hot-
spot analysis. The hotspot analysis revealed statistically significant
spatial patterns of high values (hotspots) and low values (cold spots).
The hotspot areas indicate zones with a loss of balance between ac-
commodations and housing at the neighborhood scale. Additionally,
policy-makers must identify areas at risk of becoming high-intensity
tourism hotspots. Therefore, this study analyzed the geographic rela-
tionship between tourism-accommodation intensity and proximity to
facility locations via OLS and multiscale geographically weighted
regression (MGWR). The results reveal that policy-makers should
develop urban planning zones that prevent the emergence of high-
intensity tourism hotspots.

2. Literature review
2.1. Tourism-accommodation intensity index

This study used the tourism-accommodation intensity index. As the
basis for this index, the tourism intensity index has been used in many
studies. The tourism intensity index is similar to the tourism pressure
index from the sustainable tourism perspective (Gogonea, Baltalunga,
Nedelcu, & Dumitrescu, 2017; van der Borg, Costa, & Gotti, 1996).
Using the tourism intensity index, Van der Borg, Costa and Gotti, (1996)
analyzed seven European heritage cities and reported that tourism
negatively affects the integrity of their heritage and the quality of life of
their residents. Therefore, they asserted the necessity of measures to
control the tourism intensity index by guiding visitor flow (van der Borg
et al., 1996). The adverse effects of tourism on residents’ satisfaction
with living in high-intensity tourism areas have been reported (Lanca,
Silva, Andraz, Nunes, & Pereira, 2024). In addition, there is a direct
relationship between tourism intensity and local deficits in the smallest
and largest municipalities (Voltes-Dorta, Jiménez, & Suarez-Aleman,
2014). Therefore, the tourism intensity index has been used as an indi-
cator to determine the risk of overtourism (Widz & Brzezinska-Wojcik,
2020). These studies suggest that urban policy-makers should control
the tourism intensity index. Therefore, this study used the tourism-
accommodation intensity index to analyze spatial patterns and
geographic characteristics to determine urban planning zones that may
prevent the emergence of high-intensity tourism hotspots.

In general, the tourism intensity index is calculated as the ratio of at
tourism accommodation establishments relative to the total resident
population (Batista e Silva et al., 2018; European statistics, 2016;
Manera & Valle, 2018; van der Borg et al., 1996). Many policy-makers
use the tourism intensity index frequently. For example, in Portugal,
the calculated tourism intensity index for each city is published online
(TravelBI, 2024). Compared with the basic calculation method, some
studies have adopted the tourism intensity index to divide the number of
beds by the population (Cerezo-Medina et al., 2022; Vandarakis et al.,
2023). In addition, some studies analyzed the tourism intensity index
that is calculated using economic tourism revenue (Manera & Valle,
2018; Voltes-Dorta et al., 2014). Based on the calculation, the tourism
intensity index has been improved with the latest data and analytical
methods for more detailed analysis. For example, the spatiotemporal
pattern of tourism was analyzed by a tourism intensity index to examine
online booking services containing the precise location and capacity of
tourism accommodations (Batista e Silva et al., 2018). In addition, a new
tourism intensity index using high-resolution GPS data has been pro-
posed as a tool for effective urban planning and tourism management
(Mashkov & Shoval, 2023).

Based on the index, this study developed and used the tourism-
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accommodation intensity index, which is the ratio of the total number
of accommodation rooms to the number of households. The reason this
study used the tourism accommodation intensity index rather than the
tourism intensity index is related to traditional Japanese hotels (ryo-
kans). Ryokans do not use beds. Instead of beds, ryokans use futons,
traditional Japanese bedding systems that typically lay mattresses,
quilts, and pillows on the floor rather than placing them on a bed frame.
In addition, many ryokans and accommodations are charged per room,
not per bed. Therefore, an index based on the number of beds does not
adequately reflect the proper tourism intensity in the context of Japa-
nese traditional culture, especially in Kyoto. For these reasons, we
calculate the tourism-accommodation intensity index using the number
of rooms instead of the number of beds. The tourism-accommodation
intensity index indicates the balance between accommodations and
housing at the neighborhood scale. The tourism-accommodation in-
tensity index contributes to the designation of zoning areas to monitor
the tourism-accommodation intensity hotspots.

2.2. Spatial patterns of tourism accommodations

The location of accommodations has been studied for a long time.
First, Yokeno (1968) proposed the location model of accommodations,
which is a concentric land-use model based on the land-rent curve
principle. In the concentric model of Yokeno (1968), accommodations
located between the central business district and commercial land use
zones. The concentric model was confirmed based on the average room
rate (Shoval, 2006). In addition, accommodations closer to the center
have higher average room rates, which tend to be five-star hotels
(Shoval, 2006). This result was also found in the Alonso model of bid-
rent analysis, which determined the types of hotels according to the
distance from the city center (Egan & Nield, 2000). Large tourist hotels
are located in periphery areas, unlike the city center, where five-star
hotels are located (Egan & Nield, 2000). In addition, accommodations
in the periphery are affected by railway stations (Arbel & Pizam, 1977).
As a result, it was suggested that the location of accommodations should
be based on a concentric circle model that takes into account the loca-
tion of railway stations (Ashworth, 1989). Based on this model, there is a
risk of emerging tourism-accommodation hotspots in the peripheral
areas of the historic center.

To prevent the formation of tourism-accommodation hotspots, some
municipalities have developed urban zoning plans to regulate the vol-
ume of STRs (von Briel & Dolnicar, 2021). In Barcelona, urban planning
zoning (called PEUAT) divides the city into four zones, designating the
historical center as Zone 1, which prohibits the opening of new ac-
commodations to increase accommodation capacity, even if previous
accommodations have shut down (Ajuntament de Barcelona, 2024).
Zonal regulation in Barcelona is effective in decongesting accommoda-
tions from the historical center (Bei, 2025). The same urban planning
zoning approach has been developed in Madrid and Donostia-San
Sebastian (Calle-Vaquero, Garcia-Hernandez, & Mendoza de Miguel,
2020). However, in the case of Hoi An Ancient Town in Vietnam, World
Heritage Site zoning was reported to cause a decline in population and
local shops via the transformation of “museumification” (Jones, Bui, &
Ando, 2022). Faced with such issues, we do not have clear evidence for
determining where to designate zoning areas at the neighborhood scale.
To specify these zoning areas, it is necessary to understand the
geographic characteristics of accommodations. Therefore, this study
also analyzed the geographic characteristics of tourism-accommodation
hotspots.

The geographic characteristics of hotels and STRs have been studied
in relation to accommodations. In geographic characteristic analysis,
distance plays an important role (Benitez-Aurioles, 2018). In Beijing, for
example, the location of hotels is associated with accessibility to sub-
ways and tourist sites (Yang, Wong, & Wang, 2012). In the United States,
a strong spatial relationship between hotels and constructed amenity
facilities has been reported (Lee et al., 2018). Additionally, the
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distribution of upper-grade hotels is related to commercial facilities and
the number of attractions in Hong Kong (Li, Fang, Huang, & Goh, 2015).
Like hotels, STRs are located near subways in Seoul (Ki & Lee, 2019). In
addition, in Barcelona, STRs benefit more than hotels from their prox-
imity to sightseeing locations (Gutiérrez et al., 2017). However, in
Boston, increased incidents of private conflict and social disorder have
been reported due to the increase in listed accommodations (Ke,
O’Brien, & Heydari, 2021). On the basis of the findings regarding facility
types, this study analyzed the geographic characteristics of tourism-
accommodation intensity hotspots with proximity to facility locations.
The novelty of this study is the analysis of tourism-accommodation in-
tensity instead of the number of listed accommodations. In previous
studies, geographic characteristics have been analyzed via artificial in-
telligence technology (Chen & Wang, 2022) and geographically
weighted regression (GWR) (Lagonigro, Martori, & Apparicio, 2020;
Lee, Jang, & Kim, 2024). The advantage of this study’s analysis method
is the use of MGWR, which allows for a more nuanced analysis of spatial
patterns.

3. Materials and methods
3.1. Case study

This study analyzed the case of Kyoto City. Fig. 1 shows a map and
some images of the city of Kyoto. Kyoto City is one of the most famous
tourist cities in the world. As of April 2024, the population of Kyoto City
was approximately 1,375,000, and the number of households was
approximately 737,000. Additionally, Kyoto City has an area of 827.9
km?2. Kyoto City’s historical center has been the capital of Japan for
approximately 1200 years. There are fourteen UNESCO World Heritage
Sites (WHSs) in Kyoto City (UNESCO, 1994). Even more important than
historical sites, however, is the culture that has taken root in the lives of
local people (Kyoto City Government, 2021). The younger generation
has preserved traditional culture, such as the Gion Festival (Brumann,
2009). To experience traditional culture, in April 2024, approximately
290,000 Japanese tourists and approximately 678,000 foreign tourists
stayed overnight in Kyoto City (Kyoto City Tourism Association, 2024).
This number of tourists was greater than that in 2019 before the COVID-
19 pandemic. The increase in accommodations caused the increase in
the number of tourists. According to the list on booking.com, there are
over 3000 accommodation listings in Kyoto City, which is equal to or
greater than in other tourist cities, such as Barcelona and Madrid

® Terminal Stations
World Helitage Sites
Kyoto City
Historical center
ighborhood Units
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(Booking.com, 2024).

Like tourist cities worldwide, Kyoto City has suffered from a decline
in population due to tourism gentrification in the historic center (Kato &
Takizawa, 2022). The historical center of Kyoto City includes the Shi-
mogyo, Nakagyo, and Kamigyo wards, which housed the capital area for
approximately 1200 years. The population decline in the historical
center is correlated with urban transportation from houses to accom-
modations (Tanaka et al., 2023). Tourism gentrification has also placed
housing affordability at risk by increasing real estate prices (Yoshida &
Kato, 2023). Population decline is a serious issue for maintaining
traditional culture. Population loss due to tourism gentrification is
perceived negatively by local communities (Kato, 2020). Therefore,
local communities have addressed these issues by developing guidelines
(Kato, 2022). With respect to these issues, the Kyoto City government
has also developed regulations for accommodations that apply to the
host’s location (Sakuma & Kato, 2024). In addition to regulations, the
Kyoto City government must regulate urban zones for accommodations
in specific neighborhoods. Tourism-accommodation intensity hotspots’
spatial patterns and geographic characteristics provide valuable insights
into designating these zoning areas.

In this study, the analysis unit was the neighborhood-unit scale,
which is the elementary school district scale. Neighborhood-units are
neighborhoods based on elementary schools that are governed by local
communities in aspects such as education, welfare, and disaster pre-
vention (Kyoto City Library of Historical Documents, 2003). In Kyoto
City, the neighborhood-unit scale is the basis on which communities
make decisions about urban planning (Kato, 2022; Yoshida & Kato,
2023). Therefore, the neighborhood-unit scale was appropriate for this
study.

The analysis period was 1 April 2024. Like other cities, Kyoto’s
tourism industry was affected by the COVID-19 pandemic (Kamino &
Kato, 2024). However, by April 1, 2024, Kyoto City had recovered from
the COVID-19 pandemic and was visited by many tourists (Kyoto City
Tourism Association, 2024). The April 1 date was set to coincide with
the release of household data from the basic resident register in Kyoto
City (Kyoto City Statistics Portal, 2024).

3.2. Data
This study used three types of data. The household and accommo-

dation dataset from 1 April 2024 was used to analyze the tourism-
accommodation intensity index. The household data are the basic

b) Main Stations

Fig. 1. Map of Kyoto City. (a) Map of the city of Kyoto. (b) Pictures of main stations (Kyoto Station and Kawaramachi Station). (c) Pictures of world heritage sites
(Kiyomizu temple and Kinkaku temple). In Fig. 1(a), the satellite photos were obtained via ArcGIS PRO 3.0, copyright ArcGIS World Imagery (Arc GIS, 2024).


http://booking.com

H. Kato

resident register data, which are available online from the Kyoto City
government (Kyoto City Statistics Portal, 2024). The basic resident
register data comprises records of residents by city municipality to
provide basic administrative services to residents (MIC, 2024). The
Kyoto City government publishes only the household numbers of each
neighborhood-unit every three months. This study used household data
as of April 1, 2024.

Additionally, this study used the accommodation dataset published
on the Rakuten Travel website (Rakuten Travel, 2024). Recent studies
have focused on online booking services as effective data sources of
detailed information on the accommodation supply (Batista e Silva
et al.,, 2018; Le, Phan-Thi, Nguyen, & Nguyen, 2025). The Rakuten
Travel website is a Japanese online booking service that handles most of
the accommodations in Japan. The website lists accommodations ac-
cording to the number of rooms. It primarily displays accommodations
that can be reserved on the day of the visit. Therefore, this study con-
ducted web scraping for the accommodation data listed on the Rakuten
Travel website (Rakuten Travel, 2024). Web scraping extracted the
name, address, and room counts of accommodations listed between
March 29 and April 4, four days before and after April 1, 2024.

This study used facility location data to analyze the geographic
characteristics that form tourism-accommodation intensity hotspots.
The facility location data were geographic information system data with
location data published by the Japanese government (MLIT of Japan,
2024). The seven types are WHSs, cultural properties, leisure facilities,
main stations, bus stops, police stations, and city halls. The facilities
were selected following previous studies (Ki & Lee, 2019; Lee et al.,
2018; Li et al., 2015; Yang et al., 2012). In this study, the main stations
are defined as railway stations used by an average of 50,000 people per
day.

3.3. Statistical analysis

This study conducted three analyses. First, the tourism-
accommodation intensity index was analyzed on the basis of the ratio
of the number of accommodation rooms to the number of households in
each neighborhood unit. The tourism-accommodation intensity index
was calculated via Eq. (1).

Nroom (1 )
household

Tourism — accommodation intensity index =

where Nyoom is the total number of accommodation rooms in each
neighborhood-unit, obtained from the Rakuten Travel website (Rakuten
Travel, 2024). Npousenoid is the total number of households in each
neighborhood-unit, obtained from the basic resident register data
(Kyoto City Statistics Portal, 2024).

Second, this study used the tourism-accommodation intensity index
and estimated the tourism-accommodation intensity hotspots via the
Getis-Ord Gj* statistic. The Getis—-Ord G;* shows where high- or low-
value features are spatially clustered (Getis & Ord, 1992). For the hot-
spot analysis, Getis—Ord G;* was calculated via Eq. (2). The conceptu-
alization of spatial relationships was set as the inverse distance, where
nearby neighboring features exert a greater influence on computing
target features than do features that are far away. G;* indicates the Z
score of the standard deviation. A Z score of 1.65 or + 1.65 corresponds
to a 90 % confidence level; a Z score of 1.96 or + 1.96 corresponds to a
95 % confidence level; and a Z score of 2.58 or + 2.58 corresponds to a
99 % confidence level.
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S
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where n is the total number of neighborhood-units. wy is the spatial
weight between neighborhood-unit i and neighborhood-unit j. x; is the
attribute value (tourism-accommodation intensity, which is calculated
via Eq. (1)) at neighborhood-unit j. X is the mean of the attribute values
(tourism-accommodation intensity), which is calculated via Eq. (3). S is
the standard deviation of the attribute values (tourism-accommodation
intensity), which is calculated via Eq. (4). W; is the sum of the spatial
weights for neighborhood-unit i, which is calculated via Eq. (5).

Third, this study used the ordinary least squares (OLS) and MGWR to
analyze the geographic characteristics of tourism-accommodation hot-
spots. The OLS model was used to verify the results of the MGWR model.
In the OLS and MGWR analyses, the dependent variable was set to the
tourism-accommodation intensity (Getis-Ord Gj*) of each
neighborhood-unit, which was calculated via Eq. (1). The explanatory
variables were the nearest distances to the neighborhood-unit for each of
the seven facilities. The cofounding variable was the area of each
neighborhood-unit, in reference to the previous analysis of Kyoto City
(Sakuma & Kato, 2024). The units of area and nearest distance were ha
and km, respectively. This research model’s novelty is that the depen-
dent variable is the tourism-accommodation intensity score rather than
the number of listed accommodations.

The MGWR was calculated via Eq. (6). MGWR is a spatial regression
analysis method that accounts for spatial heterogeneity by allowing each
variable to operate at different spatial scales (Fotheringham, Yang, &
Kang, 2017). Although GWR applies a single spatial scale to all
explanatory variables to capture spatial variation, MGWR provides
greater flexibility by allowing each explanatory variable to have its own
spatial scale, facilitating a more nuanced analysis of spatial patterns. In
this study, the neighborhood selection method was the golden search,
which finds the optimal value by successively narrowing the range of
values inside which the optimal value exists and comparing the opti-
mization score of the model for each. The results indicate the co-
efficients’ mean, standard deviation, min, medium, max, and
significance. The model fit of the MGWR was verified by R?, adjusted R?,
and the corrected Akaike information criterion (AICc).

Yi = Po(us,vi) + Zizlﬁk(uia Vi) + € ©

where y; is the value of the dependent variable at neighborhood-unit i.
X is the value of explanatory variable k at neighborhood-unit i. (u;,v;)
are the spatial coordinates (longitude and latitude) of neighborhood-
unit i. fy(w;,v;) is the spatially varying intercept at neighborhood-unit
i. pir(wi,v;) is the spatially varying coefficient of explanatory variable k
at neighborhood-unit i. ¢; is the error term at neighborhood-unit i.

4. Results
4.1. Basic statistics of tourism-accommodation intensity

Table 1 shows the basic statistics for the room, household, and
tourism-accommodation intensity of neighborhood-units in April 2024.
The average room, household, and tourism intensities were 252.07,
3335.18, and 0.16, respectively. Additionally, the standard deviations of
the room, household, and tourism intensities were 637.20, 2224.85, and
0.49, respectively. The results indicate that the tourism-accommodation
intensity in Kyoto City is not particularly high. Additionally, the median
(IQR) of tourism-accommodation intensity was 0.01 (Q1: 0.00, Q3:
0.08). However, the maximum tourism-accommodation intensity was
5.31. The results indicate the possibility of extremely high local tourism-
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Table 1
Basic Tourism-Accommodation Intensity Statistics of Neighborhood-Units in
April 2024.

Rooms Households Intensity
Average: 252.07 3335.18 0.16
Standard 637.20 2224.85 0.49
deviation:
Max: 5414 12,027 5.31
. 19(QL:1,Q3: 2995 (Q1:1573,Q3:  0.01 (Q1: 0.00, Q3:
Medium (IQR): 514 4586) 0.08)
Min: 0 21 0.00

intensive neighborhood-units.

Fig. 2 shows the tourism-accommodation intensity of each neigh-
borhood unit in Kyoto City. Fig. 2(a) indicates that the tourism-
accommodation intensity of most neighborhood-units ranged from
0 to 0.5, especially in the outskirts of the historical center of Kyoto.
However, Fig. 2(b) shows that the neighborhood-units with high
tourism-accommodation intensity were located in the southeastern part
of the historical center of Kyoto City. These results suggest that hotspots
may have emerged in the southeastern historical center area.

4.2. Hotspots of tourism-accommodation intensity

This study analyzed tourism-accommodation intensity hotspots via
the Getis—Ord G;* statistic. Fig. 3 shows the hotspots of high tourism-
accommodation intensity in Kyoto City. Fig. 3 shows two hotspots
across six neighborhood-units near the periphery of the southeastern
part of the historical center of Kyoto City: neighborhood-units of Rissei
(5.31), Sannou (2.88), Kaizan (2.64), Annei (1.76), Kujo-Koudo (1.53),
and Douda (1.02). Therefore, a hotspot emerged with a threshold
tourism-accommodation intensity score of 1.0 in the city of Kyoto. This
threshold of 1.0 means that the number of rooms has exceeded that of
households based on Eq. (1). With respect to geographic characteristics,
four neighborhood-units emerged as hotspots near Kyoto Station in the
southern part of the historical center. Additionally, two neighborhood-
units emerged as hotspots near Kawaramachi Station in the eastern
part of the historical center. These results suggest that tourism-
accommodation intensity hotspots tend to emerge near main railway
stations.

(a) Tourism Pressure Index in Kyoto City (D

Annals of Tourism Research Empirical Insights 6 (2025) 100178
4.3. Multiscale geographically weighted regression

Table 2 shows the results of the OLS and MGWR models. In the OLS
model, tourism-accommodation intensity was significantly correlated
with three urban facilities: the proximity to WHSs was 16.72 (95 % CI
ranged from 0.65 to 32.79); the proximity to main stations was —14.91
(95 % CI ranged from —22.03 to —7.79); and the proximity to city halls
was —28.67 (95 % CI ranged from —53.70 to —3.65). Specifically,
neighborhood units far from WHSs are likely to have high-intensity
tourism-accommodation hotspots. Moreover, neighborhood-units
closer to the main stations and city halls are likely to have high-
intensity tourism-accommodation hotspots. However, the reliability of
these results is problematic because the model goodness of fit for OLS
was low (R? = 0.113; adjusted R% = 0.080; RMSE = 0.967).

In Table 2, the model fit for MGWR was slightly higher than that of
the general regression models (R = 0.367; adjusted R? = 0.262; AICc =
617.252). However, the model fit score was appropriately compared
with the spatial patterns of accommodations analysis in previous studies
(Ki & Lee, 2019; Lagonigro et al., 2020; Lee et al., 2020; Li et al., 2015;
Sarkar, Pick, & Jabeen, 2023; Yang et al., 2012).

As shown in Table 2, tourism-accommodation intensity is signifi-
cantly correlated spatially with proximity to main stations (227, 100 %)
and WHSs (19, 8.37 %). Fig. 4 shows the distribution of coefficients for
each main station and WHS. Table 2 shows that the main station co-
efficients are spatially negatively correlated with tourism-
accommodation intensity (mean: —0.50 [min: —0.54, max: —0.48]).
This result means that neighborhood-units closer to the main station are
likely to have high-intensity tourism hotspots, which suggests that an
imbalance exists between houses and accommodations in highly acces-
sible neighborhood-units. Additionally, Table 2 shows that the WHS
coefficients were spatially slightly and significantly correlated with
tourism-accommodation intensity (mean: 0.23 [min: 0.20, max: 0.27]).
This result indicates that neighborhood-units far from WHSs tend to be
tourism-accommodation intensity hotspots. Notably, tourism-
accommodation intensity was not significantly spatially correlated
with proximity to city halls. Additionally, this study revealed that
tourism-accommodation intensity was not spatially correlated with
other urban facilities, such as cultural properties, leisure facilities, bus
stops, city halls, or police stations.

b) Historical Center of Kyoto Ci

Fig. 2. Tourism-Accommodation Intensity of Each Neighborhood-Unit. The left side (a) shows Kyoto city, and the right side (b) focuses on the historical center of
Kyoto city. In Fig. 2, the satellite photos were obtained via ArcGIS PRO 3.0, copyright ArcGIS World Imagery (Arc GIS, 2024).
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b) Historical Center of Kyoto Ci

Fig. 3. Tourism-Accommodation Intensity Hotspots of Each Neighborhood-Unit. The left side (a) shows Kyoto city, and the right side (b) focuses on the historical
center of Kyoto city. On the right side, (b) shows the neighborhood-units of (1) Rissei, (2) Sannou, (3) Kaizan, (4) Annei, (5) Kujo-Koudo, and (6) Douda. The satellite
photos shown in Fig. 3 were obtained via ArcGIS PRO 3.0, copyright ArcGIS World Imagery (Arc GIS, 2024).

Table 2
Estimation Results of OLS and MGWR Model Coefficients.
OLS model MGLW model
B 95 % CI Mean Min Max Significance
Proximity to WHS: 16.72* 0.65, 32.79 0.23 0.20 0.27 19 (8.37 %)
Proximity to cultural properties: —6.16 —25.07, 12.74 —0.04 —0.06 —0.03 0.00 (0.00 %)
Proximity to leisure facilities: 3.03 —13.14, 19.21 0.04 0.02 0.05 0.00 (0.00 %)
Proximity to main stations: —14.91%* —22.03, -7.79 —0.50 —0.54 —0.48 227 (100.00 %)
Proximity to bus stops: 12.88 —64.27, 90.03 —0.01 —0.03 0.02 0.00 (0.00 %)
Proximity to city hall: —28.67* —53.70, —3.65 -0.11 —0.12 —0.07 0.00 (0.00 %)
Proximity to police stations: 11.13 —28.62, 50.88 0.01 —0.03 0.03 0.00 (0.00 %)
Area (omitted variable): 0.00 0.00, 0.00 0.13 0.13 0.14 0.00 (0.00 %)
Intercept: 0.53** 0.28, 0.78 0.01 —0.51 1.28 28 (12.33 %)
R? 0.113 0.367
Adjusted R? 0.080 0.262
RMSE 0.967
AICc 617.252

Notes: B is the regression coefficient; SE is the standard error; 95 % CI is the 95 % confidence interval; * is a p value <0.05; ** is a p value <0.01.

5. Discussion
5.1. Hotspots in Kyoto City

This study investigated the spatial patterns and geographic charac-
teristics of tourism hotspots from the perspective of proximity to facility
locations in Kyoto City. In this study, the tourism-accommodation in-
tensity index was calculated as the ratio of the number of accommoda-
tion rooms to that of households. The results revealed that tourism-
accommodation intensity hotspots emerged across six neighborhood-
units near the periphery of the southeastern part of the historical cen-
ter. This result differs from the hotel’s location model, which assumed a
concentric circle model in previous studies (Shoval, 2006; Yokeno,
1968). Four neighborhood-units emerged as hotspots near Kyoto Station
in the southern part of the historical center. Additionally, two
neighborhood-units emerged as hotspots near Kawaramachi Station in
the eastern part of the historical center. The results for these peripheral
hotspots differed from those in Barcelona (Gutiérrez et al., 2017;
Lagonigro et al., 2020) but were the same as those in Madrid (Alvarez-
Herranz & Macedo-Ruiz, 2021; Martinez, Sequera, & Gil, 2024). The
hotspots indicate neighborhood-units with a disrupted balance between
the number of residences and the number of accommodations. The

hotspots emerged with a threshold tourism-accommodation intensity
score of 1.0, indicating that the number of rooms has exceeded that of
households in these areas. On the basis of these spatial patterns, the
Kyoto City government must develop urban planning zoning that pre-
vents these hotspots from emerging. This policy will help prevent pop-
ulation decline and preserve the culture of local residents.
Additionally, this study revealed via MGWR analysis that the loca-
tions of tourism hotspots were significantly associated with proximity to
main stations (mean: —0.50 [min: —0.54, max: —0.48]) and WHSs
(mean: 0.23 [min: 0.20, max: 0.27]). This result means that
neighborhood-units closer to main stations are more likely to have
tourism-accommodation intensity hotspots. The result of this study
confirmed the previous research that indicated the location of hotels
near railway stations in periphery areas (Arbel & Pizam, 1977; Ash-
worth, 1989). The geographic characteristics of proximity to stations or
subways are the same as those of hotels in Beijing (Yang et al., 2012) and
STRs in Seoul (Ki & Lee, 2019). However, this study clarified the spatial
correlation between tourism hotspots and main stations rather than
ordinary stations in Kyoto City. Moreover, neighborhood-units that are
far from WHSs tend to have tourism-accommodation hotspots. Notably,
the geographic characteristics of the WHSs in Kyoto City differ from
those in other tourist cities because many cities tend to have many STRs
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Fig. 4. MGWR Model Coefficients of Significant Variables. The left side (a) shows the coefficients of the main stations, and the right side (b) shows those of the world
heritage sites. The satellite photos shown in Fig. 4 were obtained via ArcGIS PRO 3.0, copyright ArcGIS World Imagery (Arc GIS, 2024).

(Gutiérrez et al., 2017) and hotels (Yang et al., 2012) in areas close to
WHSs. The results suggest that the urban planning regulations in Kyoto
City are effectively implemented in areas close to world heritage areas.
Therefore, the Kyoto City government must develop urban planning
zoning to prevent the emergence of tourism-accommodation intensity
hotspots near main stations.

Finally, no spatial correlations were observed between tourism-
accommodation intensity hotspots and proximity to other urban facil-
ities, including cultural properties, leisure facilities, bus stops, city halls,
or police stations in Kyoto City. Interestingly, proximity to city halls was
correlated with tourism-accommodation hotspots in the OLS model but
not the MGWR model. The result indicates that city halls had no spatial
relationship with tourism-accommodation hotspots. In addition, this
study revealed that the tourism-accommodation index was not corre-
lated with leisure facilities, although such correlations have been
documented in other tourist cities (Lee et al., 2018; Li et al., 2015). This
result suggests that few tourists visit leisure facilities because Kyoto City
has many WHSs. In addition, tourism-accommodation hotspots were not
statistically significantly correlated with proximity to bus stops or police
stations in Kyoto City. The results in Kyoto City were the same as those in
Seoul (Ki & Lee, 2019). Understanding the relationships among these
unrelated urban facilities is valuable in the development of urban reg-
ulatory zoning.

5.2. Theoretical and practical implications

This study’s main theoretical contribution is its clarification of the
geographic characteristics of the areas in which tourism-
accommodation hotspots form. Like other tourist cities such as Barce-
lona and Madrid, Kyoto City has excess accommodations, which caused
tourism gentrification (Kato & Takizawa, 2022; Tanaka et al., 2023;
Yoshida & Kato, 2023). Several studies have analyzed uneven accom-
modation distributions, with a focus on STRs in tourist cities (Alvarez-
Herranz & Macedo-Ruiz, 2021; Garcia-Amaya et al., 2021; Garcia-Ayl-
lon, 2018). Recent studies have discussed the issue of STR locations
extending beyond the historical center to the peripheral areas where
people live (Gutiérrez et al., 2017; Ki & Lee, 2019). In these peripheral
areas, it is important to consider the balance between accommodation
and housing and account for the tourism capacity of the area rather than
simply the number of accommodations. The collapse of this balance
could lead to a population decline in these areas that goes beyond simple
displacement (Kato & Takizawa, 2022; Tanaka et al., 2023). As shown in

other studies, this study also confirmed that unbalanced areas are on the
periphery of historic centers. However, our results revealed that these
hotspots are distributed unevenly in the peripheral areas of the historic
center. The novelty of our findings is our highlighting of the peripheral
areas near the main stations. The results of this study could be gener-
alized to tourist cities that face problems caused by excessive accom-
modation growth.

Regarding practical implications, our findings support the effec-
tiveness of urban planning zoning policies. Tourist cities worldwide
have implemented regulations of accommodations to ensure the sus-
tainable growth of the tourism industry with a balanced market (Bei &
Celata, 2023). These regulations are also designed to reduce the negative
effects of tourism on neighborhood communities (Nieuwland & van
Melik, 2020). Such regulations include licensing requirements, license
fees, location zoning, guest days, violation fines, and taxation (von Briel
& Dolnicar, 2021). Many cities in Spain, including Barcelona, have
implemented zoning for accommodations (de la Calle-Vaquero, Garcia-
hernandez, & de Miguel, 2021). Therefore, the Kyoto City government
should define zones for those neighborhood-units that are close to the
main stations in the historical center. The results of this study show the
effectiveness of regulating the total volume of accommodations on the
basis of the tourism-accommodation intensity index. In Kyoto City,
hotspots emerged in neighborhood-units where the tourism-
accommodation intensity exceeded 1.0, the same as PEUAT conducted
in Barcelona. Therefore, designated zoning areas would be an effective
policy for neighborhood-units close to the historical center’s main sta-
tions to ensure that the total number of rooms in accommodation fa-
cilities does not exceed the number of households.

5.3. Research limitations

This study has three research limitations. The first limitation con-
cerns the explanatory power of the MGWR model. This study’s model fit
was appropriately compared with the spatial patterns of accommoda-
tions analysis in previous studies (Ki & Lee, 2019; Lagonigro et al., 2020;
Lee et al., 2020; Li et al., 2015; Sarkar et al., 2023; Yang et al., 2012).
However, according to the regression analysis results, the model fit in
this study has weak explanatory power. Future research should explore
models that incorporate other types of facilities. The second limitation is
the risk of sampling bias. The number of accommodation rooms does not
directly indicate the number of tourists. However, it is difficult to esti-
mate the number of tourists in Kyoto City, which can be accessed from
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various cities by land. Future research should calculate tourism-
accommodation intensity on the basis of the number of tourists using
smartphone GPS data. The third limitation is the generalizability of this
study. This study analyzed one famous tourist city worldwide, Kyoto
City. Like other tourist cities, Kyoto City has many WHSs and excess
accommodations. However, the results of this study may not always be
generalizable to cities in other situations. Therefore, comparative
studies involving other cities are needed in the future.

6. Conclusion

Regardless of the research limitations, this study reached valuable
conclusions. The study concluded that tourism-accommodation in-
tensity hotspots have emerged near the periphery of the southeastern
part of the historical center of Kyoto City. The hotspots emerged with a
threshold tourism-accommodation intensity score of 1.0, meaning that
the number of rooms exceeded the number of households. Additionally,
this study revealed via MGWR analysis that tourism-accommodation
intensity hotspots were associated with proximity to main stations.
This result means that neighborhood-units closer to main stations are
more likely to have tourism-accommodation intensity hotspots. The
formulation of tourism-accommodation hotspots near main stations in
peripheral areas could be generalized to tourist cities that face problems
caused by excessive accommodation growth. The findings are important
for developing effective urban zones in neighborhood-units that are
close to main stations on the periphery of historical centers to ensure
that the total volume of rooms in accommodations does not exceed the
number of households.
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