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Spatiotemporal simulation of tourist town growth is important for research on land use/cover change under the influence
of urbanization. Many scholars have shown great interest in the unique pattern of driving urban development with tourism
development. Based on the cellular automata (CA) model, we simulated and predicted the spatiotemporal growth of Sanpo town
in Hebei Province, using the tourism urbanization growth model. Results showed that (1) average annual growth rate of the entire
region was 1.5 Ha per year from 2005 to 2010, 4 Ha® per year from 2010 to 2015, and 2.5 Ha® per year from 2015 to 2020; (2)
urban growth rate increased yearly, with regional differences, and had a high degree of correlation with the Euclidean distance
of town center, traffic route, attractions, and other factors; (3) Gougezhuang, an important village center in the west of the town,
demonstrated traffic advantages and increased growth rate since 2010; (4) Magezhuang village has the largest population in the
region, so economic advantages have driven the development of rural urbanization. It showed that CA had high reliability in
simulating the spatiotemporal evolution of tourist town, which assists the study of spatiotemporal growth under urbanization and

rational protection of tourism resources.

1. Introduction

Tourist towns have become increasingly important in tourism
development and rural urbanization in recent years. Many
researchers have focused on the practical use of tourism
resources to achieve sustainable development of tourist towns
[1, 2]. Such studies have conducted qualitative analysis on
the role of various factors in sustainable tourist town devel-
opment, so it is difficult to objectively predict the future
development of these towns. Therefore, it is important to
effectively simulate the development trend of tourist towns
and suggest reasonable development plans.

The cellular automata (CA) model was first introduced
by John von Neumann in the 1940s under the inspiration
of mathematician and physicist Stanislaw Ulam during the
“Manbhattan Project” The cellular automata (CA) model is a
mathematical framework discrete in time, space, and state
and is a dynamic evolution system consisting of a large

number of interacting cells. Wolfram [3] played a significant
role in promoting early CA studies and laid the theoretical
basis for such work. Because the CA model has strong
spatial computing power, a complex and global pattern can
be formed through simple local operations. This model has
been successfully applied to environmental change, landscape
pattern replacement, forest fire diffusion, urban expansion,
and other simulation studies [4-11].

In urban geography, CA has been applied in the simula-
tion of large-scale urban changes to explore the application
of discrete dynamic models in urban land use change [12, 13]
and in the simulation of urban systems [12, 14, 15]. Zhou
and Chen [16] studied CA and elaborated on its principles,
potential problems, and research significance, while Li and
Yeh [17] used binding CA in the simulation of sustainable
urban development patterns. The above studies have played
a large role in promoting the development and application of
CA theory in China.



In recent years, new developments in the urban CA
model have been driven by progress in computer technology.
Lauf et al. [18] studied an improved CA model, which
included family and housing factors as the driving force
through integrating system dynamics, to explore residential
construction land expansion. Garcia et al. [19] analyzed urban
expansion in Northern Spain and Galicia by a variety of
methods. Mitsova et al. [20] studied urban expansion and
the protection of sensitive areas using CA based on land-
use changes. Furthermore, a research has been conducted on
the acquisition of CA conversion through combining neural
network theory, data mining data and genetic algorithm
theory, and on the enhanced simulation accuracy of the
model [21-23].

The present paper applied the principle of CA to the simu-
lation of tourist town urbanization, selected both suitable and
limiting elements based on tourist town requirements for the
development and protection of tourism resources, expanded
the parameter system of traditional CA, and established the
tourist town CA model to simulate Sanpo development from
2010 to 2020.

2. Model and Methods

2.1. Study Area. Sanpo town is located in the Taihang
Mountain area, 28 km northwest of the Laishui County town
of Baoding in Hebei Province, China. Sanpo is a national
natural scenic area with significant regional advantages and is
positioned 90 km east of Beijing, 170 km southeast of Tianjin
and Langfang, and 90 and 190 km south of Baoding and
Shijiazhuang, respectively. The town covers a total area of
200km?, is 180 to 1500 m above sea level, and has a total
population of 11,887 people. The Beijing-Yuanping Railway,
Baoye Highway, and 108 Highway run through the town.
Sanpo is the administrative heart of the Yesanpo National
Scenic Area, covering most of the scenic area and having
many residents. For management purposes, Sanpo consists
of a number of smaller villages, such as Gougezhuang and
Magezhuang (Figure 1). With the development of tourism
in Yesanpo since 1986, Sanpo has gradually evolved into a
specialized tourist town. The past 25 years of development
provide clear temporal and spatial evidence on the evolution
of tourism development in this representative rural tourism
town in China.

2.2. Tourism CA Model Framework. Tourism urbanization is
a complex process. To simulate the spatio-temporal evolution
of a tourist town, the driving factors and comprehensive
mechanisms of tourism urbanization evolution must be
studied. We first analyzed the type of tourism in the study
area, clarified the development of the main tourism industry
chains, and collected land use data, topographic maps, remote
sensing data, and economic and social statistics of Sanpo over
the years. We further investigated the integration of data com-
pilation and multisource data through the area, studied the
spatio-temporal evolution and relationship between driving
factors using GIS spatial analysis and statistic functions, and
combined analytic hierarchy processes (AHP). On this basis,
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we conducted spatial growth simulation through Python
language programming using CA and urbanization growth
models with ArcGIS software, as shown in Figure 2.

2.3. Model Structure and Index System. The model was
established based on raster data and using the GRID raster
data coding format of ArcGIS. The cellular space of the model
covered the entire study area with 10m x 10m grids. To
achieve multivariate data sharing, the model system used the
WGS84 coordinate system. Cellular state space was divided
into urban land, land that can be used for urbanization, and
land that cannot be used for urbanization. Urban land infor-
mation was provided by the land department of the Sanpo
government, and land that cannot be used for urbanization
was determined according to the requirements of protected
areas and the constraining conditions of the terrain.

As external environment information of the cellular
model, driving factor group data directly influences and
controls the evolution of tourism urbanization. Tourism
urbanization is a complex process with many influenc-
ing factors. By analyzing the comprehensive mechanisms
of tourism and urbanization, we determined three major
tourism urbanization factor groups and determined the
weight coefficients of the driving factors by AHP (Table ).
The processing results of spatial data are shown in Figure 3.
To achieve sustainable development and effectively protect
tourism resources, natural reserves were taken as a spatial
limiting factor, and the cell affected by spatial limiting factors
could not be developed into a town.

2.4. Neighborhood Structure and Conversion Rules. The study
area was a mountainous region with complex terrain. We
considered two kinds of urbanization evolution power,
specifically the influence of terrain and the influence of
tourist factors. Firstly, the terrain on both sides of the valley
watercourse was relatively flat with traffic arteries, so it was
considered suitable for urban development. Secondly, the
area was close to tourist attractions but beyond the safety
distance of attraction protection to develop into a town.

2.4.1. Neighborhood Urbanization Function. The degree of
urbanization was represented within the current cellular
neighborhood, expressed by the proportion of urbanized cells
within the scope of neighborhood, as follows:

1
Pap =N 2 Xap o)

where P , represents the percentage of urbanized cells
within the neighborhood space, N represents the number
of cells within the neighborhood space, X; ;) represents
urbanization cells, and Q) represents neighborhood space.

2.4.2. Cellular Conversion Probability. We determined the
integrated value of the three major influencing factor groups
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FIGURE 1: Location of study area.

and neighborhood urbanization function, representing the
current cost value of cellular conversion, as follows:

pfj:(/)(rfj):exp [a(#—l)], (2)

max

where o represents the diffusion coefficient and r,,,,, repre-

. : . t
sents the highest property value. The simple expression of r;;
is

m n

t t t

;= <Z Fijka> | | Fijpo (3)
k=1

k=m+1

when 1 < k < m, rl.tj represents the tourism urbanization
driving factor, that s, the factors listed in Table 1; whenm < k,
rfj represents the spatial limiting factor, referring to natural
reserves and rivers, the probability for it to develop into a
town is 0.

The simulation of CA was completed by multiple cycles.
To express the uncertainty of tourism urbanization, pfj
(probability of developing into urban land) and py eshold

(pregiven threshold) were added in the cycle for comparison
to determine whether the current cell can develop into a
town, that is,

t

Pij 2 Pthreshold
t .

Pjj < Ppreshold D0t converted into urban land.

converted into urban land

(4)

3. Results and Analysis

Based on the above models and methods, we conducted
dynamic simulation of cellular automata for the spatio-
temporal growth of Sanpo. Figure 4(a) represents the actual
construction land in 2005 and 2010, and Figure 4(b) repre-
sents the simulated construction land in 2010, 2015, and 2020.

Because the study area was located in remote mountains
on the north and south sides of the middle reaches of a river,
the simulation results showed that the overall urban scale
growth trend still did not develop in the flat area around
the town. Within the scope of the study period, the towns
and villages did not develop into an urban landscape and
remained independent and decentralized geographical units.
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FIGURE 2: Frame diagram of spatio-temporal growth simulation of tourist town based on CA.

TaBLE I: Driving factors and weights of spatio-temporal growth of tourist town.

Influencing factor

Variable type

Weight coefficient

Variable grading

Basic geographic factors

Distance to town center

Distance to railway

Distance to arterial roads

Grade 1: 0~500 m
Grade 2: 501~1000 m
Grade 3:1001~3000 m
Grade 4: >3000 m
Grade 1: 0~100 m
Grade 2:101~500 m
Grade 3: 501~1000 m
Grade 4: >1000 m
Grade 1: 0~100 m
Grade 2: 101~500 m
Grade 3: 501~1000 m
Grade 4: >1000 m

Distance to footpath

Geographic factors for
tourism

Distance to scenic

spots 3

Grade 1: 0~100 m
Grade 2:101~300 m
Grade 3: 301~600 m

Grade 4: >600 m

Grade 1: 0~500 m
Grade 2: 501~1000 m

Grade 3:1001~2000 m

Grade 4: >2000 m

Topographical factors

Slope

Aspect

Ground fluctuation

degree 2

Grade 1: <5 degrees
Grade 2: 6 degrees~15 degrees
Grade 3: 16 degrees~25 degrees
Grade 4: >25 degrees
Grade 1: —45 degrees~45 degrees
Grade 2: 45 degrees~135 degrees
Grade 3: 135 degrees~225 degrees
Grade 4: 225 degrees~315 degrees
Grade 1: <10
Grade 2:10~20
Grade 3: 20~40
Grade 4: >40
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FIGURE 3: Spatio-temporal growth driving factors of tourist town.

We further analyzed the characteristics of urban growth and
its driving mechanism in the Sanpo area regarding changes in
time and space patterns.

Differences in urban development speed in different time
periods were observed. Urban land increased by 7.5 Ha* from

2005 to 2010, with an average increase of 1.5 Ha? per year,
and was expected to increase by 20 Ha* from 2010 to 2015,
average increase rate of 4 Ha® per year, and by 17.520 Ha®

from 2015 to 2020, average increase rate of 2.5 Ha® per year.
These results were consistent with government development
planning reports. Urban growth was mainly concentrated in
the area near the town center, expanding at a rate of 1 Ha® per
year, with the urban growth rate of other towns in the region
being slow. This may be because the town center of Sanpo,
which relies on the Yesanpo National Scenic Area, garnered
significant support from development policies and funding
in the early period of urban development. Furthermore,
because urbanization adapts to the needs of local tourism
development, tourism development accelerates urbanization
in turn. Town urbanization accelerated after 2010 and was still
the highest in the region with a growth rate of 1.3 Ha® per
year. To the west of the town, Gougezhuang village developed

rapidly, with an increase in construction land of 1.1 Ha® per
year. Due to further demand for economic and tourism
development in the Sanpo town center, contradictions existed
in relation to sustainable development in the scenic area and
land use restrictions, and other villages and towns (such as
Gougezhuang and Magezhuang, Figure 4) showed tourism
development potential with the support of resources and
funding during this period. The simulated increase rate of
urban land fell from 2015 to 2020, showing major growth near
the town center because the growth area was topographically
limited.

From the perspective of spatial patterns, urban growth
regions in Sanpo were divided into three parts (right,
Figure 4). The first was the northern area composed of South
and North Chanfangzhuang and Magezhuang; the second
was the western area, including Gougezhuang; and the third
was Sanpo town center. Of these, the original urban town
center covered the largest area and its growth rate was the
fastest within the simulated period, demonstrating that the
town center not only serves as a political, economical, and
cultural center, but also as a tourist service base for the
Yesanpo Scenic Area. The town center has developed at a fast
rate due to the influx of people from surrounding towns and
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FIGURE 4: Spatio-temporal growth simulation results of Sanpo.

villages for employment, as well as the accommodation of
temporary residents and visitors. Gougezhuang is an impor-
tant central village to the west of the town, with an established
Beijing- Yuanping Railway train station. Furthermore, it plays
a role in radiating and driving the surrounding grass-roots
villages, so there are unique advantages for tourism trade
and service development in this village. In addition, with the
largest population in this region, Magezhuang town growth
will be inevitably achieved under the driving effect of the
economy. For urban growth direction, most areas presented
edge expansion; moreover, the urban growth rate of areas
at the edge of town with traffic lines was faster than that of
others, and the closer the area was to the tourist attraction,
the faster its rate of urbanization was. The expansion of urban
areas showed an obvious trend towards traffic and the tourism
industry.

4. Conclusions and Discussion

This paper combined CA principles and GIS technology,
established a tourism-type urban expansion model and sim-
ulated urban growth under the driving conditions of tourism
factors using land use data of the Sanpo area from 2005 and
2010. The following was concluded.

(1) We analyzed the spatio-temporal growth of Sanpo
using GIS technology and CA system principles, which
reflected the role of tourism factors in regional urbanization
and intuitively predicted the future trend of development
of the town, with high reliability in solving spatio-temporal
growth of the tourist city.

(2) By comprehensive analysis of the data and model,
the Sanpo area was influenced by the natural environment,
population growth, economic development, national policies,
and other complex factors. The urban growth rate increased
yearly, although with regional differences, and had a high
degree of correlation with the Euclidean distance of town
center, traffic route, attractions, and other factors.

(3) Because the Sanpo terrain was complex and tourism
was a leading industry, the growth rates of towns surrounding
the tourist attractions were relatively slow in the process of
urban growth, achieving rational development, and utiliza-
tion of tourism resources.

Because urbanization is a complex geographical process
influenced by society, culture, and the economy, as well
as by national economic policies and other factors, CA is
still undergoing research and development and possesses a
number of deficiencies [24]. Therefore, it is difficult to accu-
rately simulate and predict urban growth. Some preliminary
results have been made in researching the CA based model
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and simulating the growth process of tourist towns under
microscale conditions; however, due to basic data limitations,
the simulation accuracy of this study needs to be enhanced
and the tourism urbanization CA simulation system requires
further improvement.
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