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With the rapid development of tourism, tourism revenue, as one of the important indicators to measure the development of the
tourism economy, has high research value. The quasi-prediction of tourism revenue can drive the development of a series of
related industries and accelerate the development of the domestic economy. When forecasting tourism income, it is necessary to
examine the causal relationship between tourism income and local economic development. The traditional cointegration analysis
method is to extract the promotion characteristics of tourism income to the local economy and construct a tourism income
prediction model, but it cannot accurately describe the causal relationship between tourism income and local economic de-
velopment and cannot accurately predict tourism income. We propose an optimized forecasting method of tourism revenue based
on time series. This method first conducts a cointegration test on the time series data of the relationship between tourism income
and local economic development, constructs a two-variable autoregressive model of tourism income and local economy, and uses
the swarm intelligence method to test the causal relationship and the relationship between tourism income and local economic
development, calculate the proportion of tourism industry, define the calculation result as the direct influence factor of tourism
industry on the local economy, calculate the relevant effect of local tourism development and economic income, and construct
tourism income optimization forecast model. The simulation results show that the model used can accurately predict

tourism revenue.

1. Introduction

Tourism economic forecasting [1-3] serves tourism eco-
nomic decision-making and planning management. It is the
premise of scientific decision-making and planning man-
agement and directly affects the accuracy and reliability of
tourism economic decision-making [4, 5] and planning
management [6, 7]. It is impossible to make an optimized
tourism decision and planning without a tourism economic
forecast that conforms to the objective reality. Tourism
economic forecast participates in tourism economic deci-
sion-making and planning management and affects deci-
sion-making and planning. This important role is mainly
reflected in the following aspects: first, through forecasting,
reveal the changing trend of tourism economic development
in the future [8], for the purpose of formulating tourism
economic development. The strategy provides a reliable

basis. The formulation of a tourism economic development
strategy is the most important tourism economic decision,
and every link and every factor that constitutes a tourism
economic development strategy, including development
goals [9], implementation steps [10], and measures, cannot
be separated from the prediction of future trends. To for-
mulate a tourism economic development strategy, first of all,
it is necessary to predict and make reasonable predictions
about a series of unknowns, such as the overall development
of the national economy [11, 12], changes in economic
structure, changes in national policies, and changes in
population quantity and quality, in order to grasp the
possibility of the development of the tourism economy of
the country and propose feasible development goals; sec-
ondly, it is necessary to predict the changes in the market
within a certain period of time, the changes in the industrial
structure of the tourism economy, the changes in the
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product structure, and the changes in reception capacity.
Only by making scientific predictions on the status and level
of tourism economic development can we accurately divide
the development stages and strategic steps [13] and deter-
mine the approximate execution sequence and time range
for related work; again, the flow direction and flow of the
future tourism market [14] and the tourism economy [15]
must be determined. Only by predicting the changing trends
of the quality and abundance of regional resources can we
reasonably formulate the strategic layout of tourism eco-
nomic development and complete the optimal spatial
configuration of tourism productivity [16, 17]. Obviously,
leaving the basis of tourism economic forecasting, the entire
tourism economic development strategy has become a castle
in the sky. Second, through forecasting, reveal the various
situations that may occur in the development of the tourism
economy: mainstream and tributary [18], favorable and
unfavorable factors [19], opportunities and risks [20], and
achievements and problems [21], so as to be confident and
avoid blindness and one-sidedness in decision-making
[22-24]. For example, in 1982, Hong Kong’s tourism in-
dustry still maintained a momentum of development despite
the global economic downturn, and all walks of life were
deeply affected. One of the important reasons is that the
Hong Kong tourism authority [25] predicted the trend of the
world economic downturn and made corresponding
preparations in advance. Third, predicting the economic
benefits of a number of alternative tourism development
programs can provide a practical basis for choosing the best
program. In other words, the tourism economy forecast not
only proposes a variety of ways and plans for the devel-
opment of the tourism economy but also analyzes and
analyzes the possible losses and benefits of each plan and the
possible consequences and impacts of each proposed
tourism policy. Demonstration is to make a decision on the
premise of comprehensively weighing the pros and cons.
Fourth, the role of forecasting not only is limited to spec-
ulating on the economic process specified by tourism
economic decision-making and planning management but
also includes foreseeing the changes and prospects of the
external environment related to it. Planning management
provides more ambitious information in order to make
tourism economic decision-making and planning man-
agement more comprehensive. The external environment
mentioned here mainly refers to various external noneco-
nomic factors that may have an impact on the development
of the tourism economy, such as the trend of global climate
warming, the peaceful trend of the international political
environment, and the negative impact of the SARS epi-
demic. Forecasting the changes and prospects of the external
environment of tourism is particularly important for macro
decision-making.

In order to effectively play the role of tourism economic
forecasting, machine learning algorithms [26] have played a
big role. The application of machine learning in the eco-
nomic field mainly includes helping scholars obtain data that
was difficult to obtain in the past, exploring the correlation
between variables and making predictions, predicting
counterfactuals, and then identifying cause and effect. From
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the perspective of predictive ability, machine learning is a
predictive method with strong applicability, good accuracy,
and high efficiency. First of all, machine learning [27] is not
limited to “interpretability”; it can flexibly choose functional
forms to fit data, study highly nonlinear, unexplainable
models, and make out-of-sample predictions. Its predictive
power surpasses traditional econometric methods [28].
Although mainstream empirical methods mostly use
econometric models based on causality, these models have
strict application conditions. Even with the support of the
correct economic theory, they are often unusable in research,
or even though they can be used, they end up in failure.
Secondly, machine learning can make full use of the value of
big data, directly mining the relationship between data and
“discovering nontrivial knowledge that is of interest to
specific users from the database.” Finally, when the machine
classifies, almost no human judgment is added, so the
objectivity is high.

The contribution of this paper is to study the effec-
tiveness of machine learning methods, promote the ap-
plication of machine learning methods in financial
forecasting, and provide ideas and references for the
intelligent and digital transformation of tourism eco-
nomic forecasting. The research results of this article
prove that machine learning is an accurate, simple, and
objective forecasting tool suitable for listed companies in
my country, and different models have their own strengths
in tourism economic forecasting. As a forecasting tool
that “advances with the times,” machine learning can be
self-optimized with the continuous enrichment of future
tourism economic data so that the forecasting method can
be constructed “once and forever” and “excellent” in
terms of results. Therefore, machine learning can help
companies discover financial problems in time to take
remedial measures; provide investors, corporate partners,
and other stakeholders with more financial information to
optimize investment decisions; and provide effective
methods for regulators to reduce human and material
costs and improve market supervision.

2. Related Works

Machine learning methods have improved the economics
research paradigm [29], and the academic results of applying
them to financial forecasting have become increasingly
abundant. Scholars at home and abroad have done more
research on financial distress forecasting, but there are few
results involving performance explosions. On the whole,
machine learning provides ideas and methods for the pre-
vention and discovery of financial problems of listed
companies [30], and the predictive model trained by it
provides an effective practical reference for the stakeholders
of listed companies [31]. Chen et al. [32] used data from
listed companies in Taiwan and found that the closer to the
time point of financial distress, the higher the prediction
accuracy of the prediction data and the accuracy of the
neural network model is higher than that of the machine
learning (clustering) model. Sun et al. [33] used Chinese ST
companies as samples and used regression trees (CART)
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[34], support vector machines (SVM) [35], K-nearest
neighbors (KNN) [36], multiple discriminant analysis
(MDA) [37], logistic regression [38], and other methods to
make predictions. The results showed the prediction effect of
the CART model. Sun et al. [33] also used Chinese ST
companies as cases of financial distress, single-factor testing
(SAT) [39], and decision trees as weak learners, and used the
AdaBoost method [40] to integrate weak learners to predict
the company’s financial distress situation; combined with
separate decision tree models, SVM is compared; and it is
found that the AdaBoost method, which uses SAT as a weak
learner, has the highest prediction accuracy. Sun and Lie [33]
took Chinese listed companies as a sample and defined fi-
nancial distress as two consecutive years of loss or the loss of
the most recent year exceeding the registered capital, con-
structed a dynamic financial distress prediction model, and
used minority oversampling technology (SMOTE) to solve
the problem of sample imbalance. Financial fraud forecasts:
there are also many research results in this area. Given the
limited resources, it is unlikely to find all financial frauds,
and the possibility of exploring causality is limited. The use
of machine learning to predict is practical. Nasir et al. [41]
used the support vector machine model to detect the fi-
nancial fraud of listed companies. After adding a specific
“core” to the model, the model worked well. Al-Hashedi
et al. [42] summarized and compared the technologies and
methods of financial fraud detection and found that there are
applicable technologies and methods for different types of
fraud.

In terms of predictors, scientific and complete data are
necessary conditions for the success of machine learning
models. The data of listed companies is relatively rich, and
there are many variables that can be collected. Therefore, the
selection of predictors has become a research topic. Lien-
gaard et al. [43] believed that there are generally two
methods for selecting predictor variables: one is to select
variables based on financial accounting theory and the other
is to select variables based on machine learning. They studied
the financial distress prediction problem [44, 45] of listed
companies in mainland China (using ST as the standard) and
found that the selection of predictive variables based on data
mining models has the same effect as the selection based on
expert financial accounting knowledge, and ROA is the best
predictor variables.

3. Methodology

In the process of forecasting tourism income, first, calculate
the regional tourism income and tourism income growth
rate indicators, obtain the promotion characteristics of
tourism income to the local economy, describe the law of
change between tourism income and economic growth, and
build a tourism income prediction model. The specific steps
are described in detail as follows: assuming that N, rep-
resents the tourism output value, C_, represents the con-
nection between the tourism industry and other industries,
and DW represents the elastic value of tourism income, then
use equations (1) and (2) to calculate regional tourism in-
come and tourism income growth rate:

3
Dpo X w
ijzlngTESxNPDW, (1)
w = Posxw  TESxN,Qyp 2)
C., DW
Here, N, represents the added value of tourism, w”

represents the final demand for tourism in the place, and
TES represents the income effect of the tourism economy.

Assuming that X represents the degree of dependence of
tourism on other industries, formula (3) is used to obtain the
promotion characteristics of tourism income to the local
economy:

QXK
(H-y)

In the formula, ¢ represents the balanced relationship
between tourism income and tourism growth, x represents
the income effect of tourism, H represents the factors
influencing the development of tourism, y represents the
comprehensive employment coefficient of tourism to other
industries, and W™ represents tourism income and the lag
structure between the two variables of economic growth. The
tourism income forecast model is shown in the following:

¢ = (QpxW") x X C. (3)

NA :%@QHJ.DW, (4)

In the formula, VR represents the law of change between
the two variables of tourism income and economic growth.
However, traditional methods cannot accurately describe
the causal relationship between tourism revenue and local
economic development and cannot accurately predict
tourism revenue. This paper proposes an optimized fore-
casting method of tourism income based on time series.

In the process of modeling and modeling of tourism
revenue optimization forecast, obtain time-series data of
tourism revenue and local economic growth, conduct
cointegration test on tourism revenue and economic de-
velopment time-series data, and build a vector autore-
gressive model of tourism revenue and economic
development variables. To test the causal relationship be-
tween the models, the specific steps are described in detail as
follows: Before the cointegration test on tourism income and
economic development time-series data, the stability of
tourism income and economic development time series data
should be tested, respectively. Its function is to avoid false
regressions with high R2 values between tourism income
and economic development time series variables. Assuming
that B represents the criterion for judging regional eco-
nomic growth, use equation (5) to calculate the economic
growth level of a tourist area:

B-Q
U, - R2

¢-U,

Do (X, A) = F

(5)

X

In the formula, Q represents the total tourism income,
un represents the dynamic impact of random disturbances
on the variable system, ¢¥ represents the impact of economic
lagging variable in the economic region on the current
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TaBLE 1: Index system of influencing factors of tourism income.

Explained variable First level indicator

Secondary indicators

Socioeconomic factors

Residents’ living standards

Traffic convenience
Domestic tourism income

Tourism resources and services

Environmental quality factors

Regional demographic factors

Added-value of tertiary industry
Regional per capita production value
Per capita disposable income of urban residents
Per capita consumption expenditure of urban residents
The total retail sales of social consumer goods
Passenger turnover
Passenger volume
Kilometers, railway density
Number of star-rated hotels
Number of travel agencies
Number of A-level and above sceneries
Green area rate of built-up area
Harmless treatment rate of domestic garbage
Permanent population at the end of the year
Number of students in the university

variables, U,, represents the availability of variable data, and
M? represents the tourism order of the time series of income
and economic growth.

Assuming that the tourism income time series repre-
sented by & is a first-order single integer and I represents the
second-order difference sequence of the economic growth
data series, then use equation (6) to obtain stable tourism
income and economic development time series variable data:

AN 5[25'11 ’71i]
P(a) = WV(% -1). (6)

In the formula, n,; represents the cointegration rela-
tionship between tourism income and regional GDP, T
represents the random disturbance term, Y represents the
n-dimensional endogenous variable, and k represents the
lag period of economic growth:

PL _ Mln_‘ujn
tgs X P(y/ny)

The income effect of tourism is defined as the impact of
tourism on domestic per capita income. Since the expenses
spent by tourists on tourism in tourist destinations will directly
become the income of local enterprises, tourism income will
gradually be based on the correlation of its related industries.
Infiltrate the local economic system, thereby driving the im-
provement of the overall local economy. The tourism effect of a
place can be expressed as the direct and indirect impact of the
tourism industry on the local economy. Obtain the causal
relationship between local tourism revenue and economic
growth as a basis, calculate the proportion of tourism industry,
define the result of the calculation as the direct influence factor
of tourism on the local economy, integrate the related effects of
the local tourism industry, and establish the model of tourism
revenue optimization forecast.

-P (X, A). (7)

4. Experiment and Results

In order to prove the effectiveness of the proposed time-
series-based tourism revenue optimization forecasting
modeling method, an experiment is needed. The experiment

takes Yan’n from 2009 to 2019 as an example to empirically
demonstrate the relationship between tourism income and
economic growth in Xi’an. The simulation tool for the ex-
periment is python.

In view of the complexity of the tourism system, there are
two internal and external systems for its impact factors.
Taking into account the availability and quantification of
data, an indicator system is constructed from the internal
system of domestic tourism revenue impact factors. Table 1
shows the selected indicators.

According to the method proposed in the third part,
Table 2 shows the prediction results of this method, in-
cluding the original value, predicted value, error, relative
error, and level error.

It can be seen from Figure 1 that the average relative
error is 0.073923, the average grade ratio deviation is 0.1148,
both are less than 0.2, and the posterior difference ratio C
value is 0.021 less than 0.35, which means that the model
accuracy meets the requirements. The combined effect is
good, and the model can be used for prediction.

In order to reflect the superiority of our algorithm, we
use the algorithm of this paper, SVM, and Naive Bayes
algorithm to construct tourism revenue optimization fore-
casting models and compare different algorithm models to
optimize tourism revenue forecast accuracy. The compari-
son results are shown in Figure 2.

It can be seen from Figure 2 that the accuracy of using
the algorithm model in this paper for different algorithm
models to optimize tourism revenue is better than the ac-
curacy of the SVM algorithm model for time series testing.
This is mainly because the algorithm is used to establish the
model first. The time-series data of tourism income and local
economy are tested for cointegration, which guarantees the
accuracy of the algorithm in this paper to optimize the
forecast of tourism income by using different algorithm
models.

The algorithm of this paper, SVM algorithm, and Naive
Bayes algorithm is used to construct tourism revenue op-
timization forecasting model, and the error rate (%), stability
(%), and time efficiency (%) of tourism revenue optimization
forecasting models of three different algorithms are
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TaBLE 2: The predicted value of our proposed method.

Year Original value Predictive value Error Relative error Step ratio deviation
2009 53.1 53.1 0 0 53.1
2010 67.3 51.177 16.123 0.23957 67.3
2011 83.81 75.115 8.695 0.10375 83.81
2012 103.39 100.532 2.858 0.02764 103.39
2013 126.55 127.521 -0.971 —-0.0077 126.55
2014 141.56 156.179 -14.619 —0.1033 141.56
2015 160.01 186.609 -26.599 -0.1662 160.01
2016 207.33 218919 —-11.589 —0.0559 207.33
2017 275.22 253.288 21.932 0.07969 275.22
2018 291.9 289.658 2.242 0.00768 291.9
2019 335.56 328.34 7.22 0.02152 335.56
400 3
350 55
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250 2
= 200 § 1.5
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150 .
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50 05
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FIGURE 1: Comparison of predicted value with the original value.
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F1GURrEe 2: Comparison of prediction accuracy of three algorithms.

compared. The results of the comparison measure the
comprehensive effectiveness of the two different algorithms
to establish the tourism revenue optimization forecast
model. The results of the comparison are shown in Figures 3,
4, and 5.

From the analysis in Figures 3-5, it can be concluded
that the comprehensive effectiveness of the establishment of
the tourism revenue optimization forecast model established
by the algorithm of this paper is better than the effectiveness
of the SVM algorithm and the Naive Bayesian model. This is
because when using the algorithm in this paper to establish a

0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

—e— SVM
—o— Naive Bayes
Proposed

Figure 3: Comparison of modeling error rates of different
algorithms.
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FIGURE 4: Comparison of stability of different algorithms.

tourism revenue optimization forecast accuracy model, a
vector autoregressive model based on tourism revenue and
local economy two variables is constructed, and the rela-
tionship between the two variables is tested by the Granger
method, and the proportion of tourism industry is calcu-
lated. On this basis, the correlation effect of local tourism
income is calculated, and a tourism income optimization
forecast accuracy model is established.
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FiGgure 5: Comparison of time efficiency of different algorithms.

5. Conclusion

The development of modern tourism is closely related to the
development of modern transportation. Transportation
construction is an important condition for the development
of tourism resources and the construction of tourist desti-
nations. Related research shows that areas with obvious ad-
vantages in transportation accessibility have a relatively high
level of regional tourism economic development. It is nec-
essary to grasp the geographical position of the northwestern
region to the east, seize the opportunity of the “Belt and Road”
and the construction of the economic belt along the Yellow
River, improve transportation services, speed up the con-
struction of transportation networks, and continuously im-
prove transportation accessibility. The development and
construction of tourism resources are very important to the
development of the tourism economy. In the development
process, we must pay attention to the investigation of the
tourist attraction radius of the scenic spot and the excavation
of the characteristics of the scenic spot, avoid the appearance
of homogeneous scenic spots, and establish a unique tourism
brand image system. Furthermore, due to the low location
and environmental carrying capacity of arid and semiarid
areas, the stereotype that tourism is equal to a “smoke-free
industry” must be changed, and the coupled and coordinated
development of the environment and tourism must be em-
phasized to create a good environment for cultural tourism
and natural tourism. The tourism service industry is a related
industry generated by tourism activities. The more mature it
is, the more prosperous the tourism economy will be. In order
to promote the maturity of the tourism service industry, it is
first necessary to establish a multichannel financing mecha-
nism, increase capital investment in the tourism industry, and
improve supporting service facilities; secondly, it is necessary
to regulate the order of the tourism market and strengthen the
supervision of the quality of tourism services; and finally, it is
necessary to transform tourism services. The business phi-
losophy is to establish a professional team of talents, pay
attention to feedback from tourists, and advocate “refined”
and “individualized” services.
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Heat load and cold stress can provoke annoyance and even health issues. These climatic situations should be avoided by
tourists and locals to prevent negative experiences. Thermal comfort indices are required, as they combine meteorological and
thermophysiological parameters. The Physiologically Equivalent Temperature (PET) is easy to understand and interpret also for
nonexperts like tourists or decision-makers. The Hungarian Meteorological Service and the University of Szeged run an urban
and a rural weather station close to Szeged, which build the basis for the human biometeorological analysis for a twelve-year
period between 2000 and 2011. The maximum, mean, and minimum air temperature of both stations were compared to detect the
differences of thermal dynamics. Heat and cold stress are quantified by analyzing the PET frequencies at 14 CET. The air temperature
of urban areas is on average 1.0°C warmer than rural areas (11.4°C). Heat stress is more frequent in urbanized areas (6.3%) during
summer months at 14 CET, while thermal acceptance is more frequent for surrounding rural areas (5.9%) in the same period. The
Climate-Tourism/Transfer-Information-Scheme is a possibility to present the meteorological and human biometeorological data

which is interesting for decision-making and tourism in a well-arranged way.

1. Introduction

Tourism is an important economic sector in Hungary repre-
senting 11% of the Hungarian GDP [1]. In 2011 about 9.8% of
the total employments were directly or indirectly related to
the tourism sector. The tourism potential of a region arises
from several influencing criteria, such as landscape, flora,
fauna, geographical position, topography, culture, leisure
opportunities, weather, and climate [2, 3]. One of the crucial
factors for tourists choosing a certain holiday destination is
the climatic conditions, followed by scenery and nature [4].
The climatic conditions vary between urbanized and rural
districts and therefore have to be investigated separately.
The urban climate is altered through the construction of
artificial structures and surfaces [5]. Every city has indi-
vidual thermal dynamics, which form a very heterogeneous
microclimate, depending on surface structure, height of the
buildings, street width, and numerous other factors. One
of the most important effects is the increased heat storage

of buildings, which can cause heat stress for human beings
during summer as well as a negative impact on recreation
and well-being. The heat wave in Europe 2003 recorded
predominant human deaths of about 14 802 in France, 2 045
in the United Kingdom, and 2099 in Portugal [6]. The
knowledge of climate information is required for a better
tourism planning and for tourism industries. It should help
travellers to prepare and adapt to the climatic situation, and
it will protect tourists from negative climatic effects like heat
stress [7, 8]. Therefore it is crucial to ascertain the temporal
distribution of heat stress situations. Both city-planning and
tourism derive advantage from investigations of the urban
and rural climatic conditions [9]. It must be pointed out that it
is insufficient to evaluate the climatic variables separately. The
thermal sensation of humans is a combination of air temper-
ature, wind velocity, water vapour, and radiation fluxes [10-
12]. There are applicable human-biometeorological indices
which combine not only these meteorological parameters
but also several personal parameters [13-15]. In this study,
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the biometeorological conditions of a mid-sized city in
the south of Hungary and its rural surroundings are ana-
lyzed in terms of urban planning and vacation issues.
The mean, minimum, and maximum air temperature for
urban and rural areas around Szeged are presented. In
order to quantify thermal stress conditions, the frequen-
cies of PET classes, as well as the precipitation condi-
tions, for each ten-day interval of the year were analyzed.
The Climate-Tourism/Transfer-Information-Scheme gives a
clearly arranged overview of the most important meteorolog-
ical and human-biometeorological factors which influence
tourism potential and recreation. This paper offers a biocli-
matic information scheme developed for tourism purposes
for the medium-sized Hungarian city of Szeged that could
be used also for urban planning. It compares thermal and
climatic differences between the city and its surroundings.
Meteorological data comes from one urban and one rural
station and covers the period from 2000 to 2011.

2. Materials and Methods

In this study, meteorological and human-biometeorological
conditions of Szeged were analyzed. The city is located
in the south of Hungary in a huge plain, the so-called
Carpathian/Pannonian basin (Figure1). Szeged is a mid-
sized city with 170 000 inhabitants and has a circuit street
system. The data for the period 2000-2011 is provided by
the Hungarian Meteorological Service and the University of
Szeged and has a time resolution of one hour [16, 17]. The
rural synoptic weather station is surrounded by grassland and
is located in the west of the city center of Szeged (Figure 1(c)).
The climate station in the heavily built-up city center is
separated; some measurement tools are located on the top of
the roof of a university building, while the Stevenson screen
is situated on a lawn beneath the roof station, in order to
conform to international regulations.

Evaluating the influence of meteorological parameters on
human beings, various thermal indices have been established,
which can be classified into three categories: elementary, bio-
climatic, and combined indices. Elementary indices usually
attach single parameters such as air temperature, sunshine
duration, and precipitation. The required synthetic values do
not have any thermophysiological relevance and are mostly
unproven [7]. Bioclimatic and combined indices, such as
the Tourism Climate Index (TCI) or the Physiologically
Equivalent Temperature (PET), take account of several cli-
matological parameters and also combine their effects. The
TCI developed by Mieczkowski [19] includes seven climato-
logical factors: two of them are in a bioclimatic combination
(Daytime comfort index and Daily comfort index) and three
are independent (precipitation, sunshine, and wind velocity).
The weak point of this index is that it does not rely on the
human energy balance. Recognising this weakness, Kovacs
and Unger [20, 21] have aimed and presented methods to
replace the air temperature and relative humidity values as the
basis of Daytime and Daily comfort indices of the TCI with
the human-biometeorological index PET. In addition to TCI,
there are indices which include the effects of short- and long-
wave radiation fluxes on the human body, such as Predicted

TABLE 1: Threshold values of Physiologically Equivalent Tempera-
ture (PET) for thermal sensation and the physiological stress level
of human beings [18].

PET (°C) Thermal sensation Physiological stress level
Very cold Extreme cold stress
4
Cold Strong cold stress
8
Cool Moderate cold stress
13
Slightly cool Slight cold stress
18
Comfortable No thermal stress
23
Slightly warm Slight heat stress
29
Warm Moderate heat stress
35
Hot Strong heat stress
41
Very hot Extreme heat stress

Mean Vote (PMV) [22], Standard Effective Temperature
(SET™) [23], Universal Thermal Climate Index (UTCI) [24],
or Physiologically Equivalent Temperature (PET) [25-27].
The parameter used in this study is PET, which is defined
as the assessed air temperature under complex outdoor
conditions, at which the human energy budget is balanced at
typical indoor conditions. In order to calculate PET, several
parameters such as air temperature, wind velocity, relative
humidity, or vapour pressure and global radiation are needed.
PET is an indicator for thermophysiological stress and its
values are given in °C, which makes it easy to interpret
and understand also for nonexperts (Tablel) [26]. The
calculations for PET have been done by the use of RayMan
model [28, 29]. For analyzing the annual distribution, a PET
frequency diagram at 14 CET (Central European Time) for
the urban station was made for 10-day periods, as this time
span comes very close to the mean vacation duration [30, 31].
In addition, the average maximum, mean, and minimum air
temperature in urbanized and rural areas were analyzed.

More detailed information about tourism relevant to
climatological and bioclimatological parameters can be illus-
trated in the Climate-Tourism/Transfer-Information-Scheme
(CTIS). The threshold for the included thermal, aesthetic, and
physical facets is chosen as follows [30, 32, 33]:

Thermal Facet

(i) thermal acceptance (18.0°C < PET < 29.0°C),
(ii) heat stress (PET > 35.0°C),
(iii) cold stress (PET < 4.0°C).

Aesthetic Facet

(i) cloudiness (cloud cover < 4),
(ii) fog (relative humidity > 93%).
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(©)

FIGURE 1: Geographical location of Hungary in Europe (a) and of Szeged in Hungary (b) and characteristic land-use types and road network
of Szeged (c); A: road; B: circle dike; C: measuring point in the city centre (O) and in the rural area (0); D: agricultural area; E: industrial area;
F: 1-2-storey detached houses; G: 5-11-storey apartment buildings; H: historical city core with 3-5-storey buildings (modified after [36]).

Physical Facet

(i) sultriness (vapour pressure > 18 hPa),
(ii) windy (wind velocity > 8 m/s),
(iii) dry days (precipitation < 1 mm),

(iv) wet days (precipitation > 5 mm).

In CTIS, the absolute frequencies and probabilities of these
factors are given in 10-day intervals. To make the information
easier to understand for tourists and the tourism industry,
each factor given in CTIS can be ranked as positive or
negative and will be categorized in seven classes from “very
poor” to “ideal” As heat stress, cold stress, fog, sultriness,
windy, and wet days are not favourable for tourism, these
factors are ranked as negative. On the other hand, thermal
acceptance, cloudiness, and dry days are presumed to be
beneficial for tourism. This means that a high probability
of heat stress is categorized as “very poor,” whereas a high
probability of thermal acceptance is evaluated as “ideal”

3. Results

3.1. Annual Course of the Maximum, Mean, and Minimum
Air Temperature. The annual courses of the maximum, mean,
and minimum air temperature in rural and urbanized areas
are shown in Figure 2 for each ten-day interval of the year.
Rural areas show marginal lower air temperature than urban
areas from November until May and become higher from
June to October. In the city of Szeged, T, ., is up to 0.8°C
higher in April and up to 0.5°C lower in September and
October compared to its surroundings. In general, T, . of
urban areas ranges from 2.5°C to 29.1°C and in rural areas
ranges from 2.1°C to 29.3°C. The lowest T, ., occurs in
December and January, and the highest T, .. occurs in July.
The annual mean air temperature of urban areas is 12.4°C,
while rural areas in the region of Szeged are 1.0°C cooler.
The coldest period of the urban and rural areas is the first
ten-day interval of January with 0.1°C and —0.8°C, and the
warmest period occurs in the second ten-day interval of July
with 23.9°C and 22.9°C, respectively. In the winter months
(December to February), the urban areas have an average
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FIGURE 2: Mean annual course of the maximum, mean, and
minimum air temperature for urban and rural areas of Szeged.

T, mean Of 1.5°C, which is about 0.9°C warmer than in rural

areas. In summer (June to August), it is even 1.1°C warmer,
with an average T, .., of 22.7°C. The highest differences of
T, mean Detween urban and rural areas occur during summer
and add up to 1.4°C. The average minimum air temperature
of rural areas compared to the city of Szeged is 1.5°C lower
in winter and 2.6°C lower in summer. It varies from -2.5°C
t0 18.5°C in urban areas and for rural areas T, ,;;, varies from
-4.1°C t0 16.0°C. The lowest values of T, ;, occur in January
and the highest values occur in July for both areas.

3.2. Physiologically Equivalent Temperature for Urban Areas
at 14 CET. The values of PET in the urbanized areas at
14 CET are grouped into the classes of thermal sensation
and physiological stress level (Figure 3). The class frequencies
are shown for each ten-day interval of the year. Due to this
well-arranged diagram, it is easy to detect the occurrence
and probability of thermal comfort, heat, and cold stress.
In the urbanized area the mean annual PET is 19.3°C, with
maximum values up to 48.9°C and minimum values up to
—15.8°C. The range of PET values for the rural surroundings
ranges from —20.5°C up to 50.6°C, with an average of 17.8°C.
Expressed in the thermal sensation scale, the meteorological
conditions in Szeged and its outer conurbation area go from
“very cold” to “very hot,” which are the upper extremes of the
scale.

Between the first ten-day interval of November and the
first ten-day interval of May, cold stress (PET < 4.0°C) can
occur. The probability of cold stress increases rapidly from
8.3% in the first ten-day interval of November to 35.8% in
the third ten-day interval of November. In December the
occurrence triples and up to four of five days show PET values
< 4.0°C. In winter (December until February) cold stress
dominates at almost two-thirds of the days. In December
and January the PET values do not exceed 18.0°C, whereas in
February the first comfortable days (18.0°C < PET < 29.0°C)
can occur. During winter months the urbanized areas of

11
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FIGURE 3: Frequency diagram of PET at 14 CET based on ten-day
intervals for urban areas.

Szeged have an average PET value of 2.4°C at 14 CET. While in
February thermal acceptance has a probability of 1.9%, which
is about one day every second year: it increases during spring
(March until May) with at least 40% of the days. The second
ten-day interval of April shows the highest probability of
thermal acceptance (65.0%) and neither cold nor heat stress
occurs. At an average of 18 days in April thermal acceptance
is expected and the probability of heat and cold stress is less
than 1%. In March, there is still a slight chance of cold stress,
while in May almost every fifth day produces heat stress. In
spring the mean PET at 14 CET is thermally comfortable in
general, with an average of 20.5°C.

Heat stress (PET > 35.0°C) may occur between the third
ten-day interval of April and the third ten-day interval of
August. During summer months (June until August) heat
stress occurs on average every second day (54.8%), while
there is a minor chance of thermal acceptance (16.0%). The
average value of PET at 14 CET during summer is 34.9°C. The
highest risk of heat stress is given in August with an average
of 62.4% and accordingly about 19 days, while there are only 3
days which are thermally comfortable. In autumn (September
until November) the number of comfortable days increases
rapidly. Thermal acceptance already dominates in September
with 45.3% compared to 15.8% of heat stress. Neither heat
stress nor cold stress occurs in October and every second
day (50.3%) is expected to be thermally comfortable. Per
year there are about 67 days of cold stress and 61 days
of heat stress in the city of Szeged, while at least 84 days
are thermally comfortable. The majority of the comfortable
days are detected in spring and autumn. The frequencies of
PET classes are very similar for rural areas and therefore
not shown in a figure separately. In general, cold stress is
more frequent (78 days per year) and heat stress occurs less
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FIGURE 4: Total amount of precipitation and amount of days with
precipitation (RR > 1 mm) per ten-day interval at the urban station.

frequently (53 days per year), while there is no difference for
thermally comfortable days between urban and rural areas.

3.3. Precipitation in Szeged. In Szeged there are on average
73 days with precipitation per year at a total amount of
520 mm. Most of the precipitation falls during summer, with
amaximum of 82 mm in June falling within 8 days (Figure 4).
Compared to 25 mm within 5 days in January, the winter
precipitation events are less intensive than during summer.
Between May and July precipitation events occur during
24% of the days. There are only marginal differences of
precipitation between the urban and the rural station, due to
the relatively short horizontal distance between the stations
and the homogeneous area.

3.4. Climate-Tourism/ Transfer-Information-Scheme. In
Figure 5, the probability of thermal acceptance, heat and cold
stress, cloudiness, fog, sultriness, wind, and dry and wet days
at the urban station are shown for 14 CET for each ten-day
interval. In April and October, up to 70% of the days are
thermally comfortable, while during summer there are only
on average 5 days per month with high thermal comfort.
Regarding the difference between the urban and the rural
station (Figure 6), it is noticeable that during spring and
autumn the probability of thermal acceptance is up to 20%
lower in the city than at the rural station, but there is a higher
chance during summer months.

Heat stress is possible from May until September, with the
highest probabilities in July and August, when PET exceeds
29.0°C for almost two-thirds of the days. In rural areas heat
stress occurs less frequently than in urban areas. Between
October and April cold stress might occur; in the second ten-
day interval of December 84% of the days cause cold stress. In
general, two out of three days show a PET below 4.0°C during
winter months. At the rural station, the possibility of cold
stress is slightly higher than at the urban station (Figure 6).

Urban and Rural Tourism Strategies in Sustainability

Mean annual cloud cover of Szeged is 5 octas, with small
differences between the seasons. During summer it is up to
40% less cloudy than during winter months. Sultriness can
occur in May and October, with the highest probability of
30% in July and August. Wind and fog seem to have almost
no impact on the human well-being in the region of Szeged,
as they hardly exceed the given threshold values.

Generally eight out of ten days are presumed to be dry
days, with less than 1mm of precipitation per day. About
33 days of the year are wet days with more than 5mm of
precipitation. There are only little annual differences in the
amount of dry and wet days.

4. Discussion

The differences of the air temperature and PET between the
urban and the rural area are a result of the anthropogenic
urban structures. The energy balance in urbanized areas is
influenced by the composition, degree of sealing, surface
roughness, street orientation, and thermal characteristics.
Due to the alteration of land surfaces in cities, the materials
absorb and accumulate short-wave radiation, which will be
emitted as heat radiation. Weak wind conditions in cities
facilitate the development of the UHI, which occurs espe-
cially in winter and summer during nighttime [34]. Therefore
the mean annual air temperature at the urban station is about
1.0°C higher than at the rural station. Regarding PET, the
rural station shows a mean value of 8.1°C and the urban
station shows a mean value of 9.8°C.

The urban and rural human-biometeorological condi-
tions of Szeged were compared by using the Thermohygro-
metric Index THI, the Relative Strain Index RSI, and the
number of beer garden days for a 3-year period [35]. On the
scale of THI, 6% of the year was “hot” in urban areas, while
in rural areas it was only 1%. Cold conditions occurred for
54% and 66% in urban and rural areas, respectively. Beer
garden days occur almost twice as often as in urban areas
between May and October. Gulyas et al. [36] and Gulyas
and Unger [37] made further studies about the human-
biometeorological situation in Szeged, using hourly PET
frequencies over a 10-year period from 1999 until 2008. The
mean annual PET value for urban areas is 2.9°C higher
than for rural areas. While the maximum PET values are
insignificantly higher (0.9°C), the minimum PET values
are 10.6°C higher in urban areas compared to rural areas.
Thermal acceptance occurs almost twice as often in urban
areas. Findings were that rural areas have a higher frequency
of extreme cold and extreme heat stress. The heat wave of
2003 was investigated separately [17]. The examined period
was March until November 2003, concluding that extreme
heat stress occurs more frequently in rural areas due to direct
radiation, which decreases in urbanized areas. Even though
the average annual PET value is 14% higher in urban areas,
thermal acceptance occurs twice as often. The difference in
PET is the highest after sunset, when the urban areas are 7-
8°C warmer due to the decreased cooling effect. These studies
coincide with our results.

The human thermal differences in Budapest, Hungary,
expressed with the PET were investigated by comparing
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measurements of weather stations situated in the central and
the suburban area [38]. They found that the PET differences
are the same in all characteristic diurnal observation times (0,
6,12,and 18 UTC) in the periods 1961-1990 and 1981-2010: the
heat load is stronger and the cold stress level is less in the city
centre than in the suburbs. During the period from 2001 until
2010 the average PET value is higher by 3°C in the city centre.
The maximum PET is only slightly higher (0.9°C) here, but
the difference in the minimum value is much higher, about
5°C. The tendencies are similar to those in Gulyas et al. [36]
and Gulyas and Unger [37].

The biometeorological comfort of rural urban and urban
forest in Erzurum, Turkey, were determined by using the THI
[39]. Erzurum has a continental climate and a population of
about 361235. Unlike this study, they stated that the urban

area is most advantageous for human comfort, followed by
the urban forest and rural area. It has to be considered that the
THI is based only on air temperature and relative humidity.
The cooling effect of wind is not involved, which is usually
higher in rural areas than in urban areas, due to urban
structures. The differences of urban, suburban, and rural
districts over Greater Cairo in Egypt, which has a subtropical
climate, were investigated [40]. As well as Balogun et al. [41],
Robaa [40] ascertained that the urban areas are in general
warmer than its surroundings.

In our study a more complex system was used; hence,
it is of higher significance. Not only the difference of air
temperature between urban and rural areas but also PET
was compared. We analyzed the mean, maximum, and
minimum air temperature, the frequency of PET classes
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at 14 CET, and arranged the most important meteorolog-
ical information for planning and tourism in a Climate-
Tourism-Information-Scheme. Tourists can easily ascertain
favourable and unfavourable conditions to plan their vacation
for their individual needs. Zaninovi¢ and Matzarakis [31]
designed a bioclimate leaflet, which includes climatological
and bioclimatological information of a city or region for
tourists. It is an application to assist the tourism industry
and stakeholders in decision-making, as well as tourists
themselves. The information which is contained could help
tourist planners in order to extend the tourist season, and
it could help tourists to find the best individual period for
their vacation. The design of the leaflet is easy to understand
and gives a broad and compact overview of the climatological
conditions of the destination.

5. Conclusion

In this study, meteorological and human-biometeorological
parameters of urban and rural areas of Szeged were analyzed
and the temporal differences of thermal conditions were
discovered. There are differences for PET values during the
day, as in summer heat stress occurs more frequently in urban
areas at 14 CET, and thermal acceptance is more probable in
the rural surroundings. On the contrary, cold stress is more
frequent in rural areas during winter, due to the absence of
heat storage of buildings and low wind speed. Based on the
little horizontal distance between the urban and the rural
station, there are marginal differences of precipitation.

Single weather parameters, usually presented on a
monthly basis, are not appropriate for planning in tourism
and urban structures. The Climate-Tourism-Information-
Scheme visualizes the most important weather and climate
information which is useful for tourism and recreation.
It might be helpful for planning a vacation and to know
more about the climatic conditions than the usually given
meteorological forecast. Information about biometeorolog-
ical conditions can detect the risk of heat or cold stress
whereby the tourists can adapt. The CTIS is user-friendly
and easy to understand also for nonexperts like tourists and
it gives an overview about the most important climatic and
biometeorological parameters.
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The development of tourism industry not only promotes social and economic progress and the improvement of people’s
happiness index but also causes resource damage and environmental pollution, which not only affects our living environment but
also directly threatens the survival and development of mankind. Therefore, how tourism will develop in the context of low-carbon
green economy has become the main problem of tourism development. Based on the above background, in order to solve the
development problem of tourism in the future under the low-carbon green economy, based on the research results at home and
abroad, starting from the starting point of sustainable development of tourism, this paper introduces the concept of “tourism
consumption separation rate” and uses Kaya traditional accounting method. The structural decomposition analysis method and
cointegration relationship test method are used to calculate, analyze, and test the tourism carbon emissions and influencing factors
at the overall level of China and the middle, western, and eastern regions. Through this method, the accuracy of the calculation
results is improved by 30%, which increases the accuracy of the experimental data and is more practical.

1. Introduction

With the continuous development of human society and
economy, the actual problems caused by carbon emissions to
people all over the world are gradually increasing. The
frequent occurrence of extreme weather and natural di-
sasters caused by carbon emissions has brought great losses
to the survival and life of people all over the world, as well as
the shortage of energy supply. China’s economic develop-
ment is very dependent on energy. The extensive use of
primary energy will eventually lead to insufficient energy
supply and an energy crisis, which will affect China’s eco-
nomic and social development. Sustainable environmental
development will be challenged. Extensive economic growth
mode has destroyed forests and caused serious air pollution.
Therefore, to find out the key factors affecting China’s
carbon emissions is an inevitable choice for China’s social
and economic sustainable development, it is of theoretical
and practical significance to study the carbon emission

factor and its mechanism. Therefore, how to reduce the
impact of human activities on global climate change has
become an important task to achieve sustainable develop-
ment in the future.

Due to the importance of low-carbon and green econ-
omy to the future development strategy of tourism, many
research teams have begun to study this and achieved good
results. For example, tourism is one of the sources of carbon
dioxide emissions, and tourism activities will cause pressure
on the ecological environment. Zha et al. research constructs
the evaluation framework of tourism direct and indirect
carbon dioxide emissions and puts the carbon dioxide
emission factors into the efficiency evaluation framework
based on the SBM bad model. On this basis, taking Hubei
Province as an example, this paper evaluates the tourism
carbon dioxide emission as a case study, measures the de-
velopment efficiency and dynamic fluctuation of the low-
carbon tourism economy in various cities from 2007 to 2013,
and makes analysis [1]. Wu et al. pointed out that the
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calculation of tourism carbon dioxide emissions is a pre-
requisite for the formulation of energy-saving emission
reduction targets in some regions of our country, and it is
essential for the sustainable development of tourism in
certain regions [2]. Shuxin w established a new method to
analyze the characteristics and influencing factors of EETT
in China from 1994 to 2013. Shuxin w found that the CO,
emission per unit person time (CETTU) increased from
26.07 kg in 1994 to 14.01 kg in 2013. The decline of energy
intensity, scale effect, and policy promotion is the key factor
affecting energy consumption. Although the research results
are relatively rich, there are still many deficiencies, which are
mainly reflected in the fact that the above research results are
more focused on a certain aspect of research and are not
systematic and comprehensive [2].

In the calculation and research of tourism carbon di-
oxide emissions, tourism consumption stripping coefficient
and Kaya traditional accounting method are good methods,
which can solve the problem of large deviation in the cal-
culation data of tourism carbon emissions in the past.
Therefore, it is used in the calculation and analysis of
tourism carbon dioxide emissions in China. The calculation
of tourism carbon dioxide emissions is the premise of
formulating energy conservation and emission reduction
targets in some regions of China. It is also important for the
sustainable development of tourism in some areas. Based on
the concept of “tourism consumption stripping coefficient,”
Wu et al. proposed the calculation method of tourism
emissions in Beijing, Shandong, Zhejiang, Hubei, and
Hainan. The results show that, from 2009 to 2011, the total
tourism emissions of the five provinces and cities increased
continuously, and the per capita tourism emissions de-
creased from 56.569kg to 54.088kg. During this period,
Hainan’s tourism emissions are still the lowest. Hubei’s
tourism emissions soared from the third place in 2009 to the
first in 2011. Beijing is the only downward trend that has not
been disturbed. Hainan has the lowest total emissions, but
the highest per capita emissions. Only Beijing and Hainan’s
per capita emissions continued to decline in 2009 and 2011
[3]. The emission of the tourism industry in Zhejiang
Province shows an inverted U-shaped trend, while that of
Shandong and Hubei Province shows a U-shaped trend. In
the future, China should promote energy conservation and
emission reduction by formulating action programs, inno-
vating energy-saving technologies, strengthening environ-
mental awareness, and developing regional tourism
cooperation.

In order to solve the future development of tourism in
the low-carbon green economy, this paper introduces the
separation rate of tourism consumption and takes Kaya
traditional accounting method as the first step, structural
decomposition analysis method as the second step, and
cointegration relationship test method as the third step to
establish an analysis model to study how to develop a low-
carbon economy and low-carbon tourism in response to
global climate change, so as to achieve the goal of saving
energy. Under the common requirement of environmental
responsibility, we are actively promoting the construction
of a green economy and the development of low-carbon
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tourism and exploring the future route of low-carbon
tourism, which is also one of the hotspots of future research
[4, 5]. How to develop tourism in the future is a com-
prehensive problem, including the transformation of social,
economic, resource, and environmental values. There is
little research on carbon tourism in China. At present, low-
carbon tourism is only at the level of theoretical discussion
and strategic positioning. Based on the classification of
relevant research results at home and abroad, according to
the relevant theories, such as the theory of sustainable
development and the stripping coefficient of tourism
consumption, this paper makes an in-depth and multi-
faceted evaluation and empirical analysis on the carbon
dioxide emissions of tourism cities. The research results
have certain practical significance and guiding practical
value.

Sustainable development can protect the ecological
environment and is a key issue that needs to be considered in
the development of tourism.

2. Sustainable Development Strategy of
Tourism under Low-Carbon and
Green Economy

2.1. Tourism Consumption Separation Rate. It means “sep-
aration rate of tourist consumption” [6-8]. It is the added
value of tourist consumption deducted from tourism related
industries. The original intention is to refer to the percentage
of tourism consumption in the added value provided by
service sectors including tourism consumption. As the
products of tourism industry only account for a part of the
products of tourism consumption, it is necessary to deduct a
certain proportion of its growth value. The idea of calcu-
lating this ratio is to convert the total value of market
production, supply, transportation, and other industries into
total tourism income with added value according to the
percentage of the added value of tourism related industries
and calculate the passenger consumption separation rate
based on industry value-added words [9-11].

According to this calculation method, the calculation
formula is set as follows:

Vi
Ey = Cy (1)
In formula (1), Ey represents the separation rate of
tourism consumption of # industry, V) represents the
growth number of n industry; and C; represents the tourism
growth number of # industry, multiplying the growth rate of
n industry by the tourism revenue of #n industry, where the
growth rate of n industry is the ratio of the growth number of

n industry to the total revenue of n industry [12, 13].

2.2. Kaya Traditional Accounting Method. In order to clarify
the contribution efficiency of China’s overall and regional
tourism carbon emission influencing factors, this paper
adopts the Kaya traditional accounting method, namely,
Kaya’s accounting identity, which is used to analyze the key
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factors affecting the change of national carbon emissions
[14, 15].

The expression is as follows:

C R GDP
C=2>*pp* pop X POP (2)

In formula (2), W is carbon emission, R is energy
consumption, GDP is GDP, and pop is household pop-
ulation (100 million). W/R is the energy structure, repre-
senting the carbon emissions per wunit of energy
consumption; w/GDP is the energy intensity, representing
the energy consumption per unit of GDP; and GDP/Pop is
the per capita GDP [16].

2.3. Structural Decomposition Analysis Method. The method
of structural decomposition analysis (IDA) is used to
analyze the changes of energy intensity, structure, eco-
nomic scale, and industrial structure of national and cross-
city structures based on industry data [17, 18]. In a word,
IDA methods can be divided into two types: Divisia ex-
ponential decomposition analysis (Dida) and Laspeyres
exponential decomposition analysis (Lida). This method
can be divided into two types: arithmetic mean divisor
index (AMDI) and logarithmic average divisor index
(LMDI). The former model was weighted by arithmetic
mean. The deduction process is relatively easy, but the
residual value is too large to be calculated when the value is
zero [19, 20]. The latter model uses logarithms instead of
arithmetic based on the weight ratio and performs zeroing
using analysis constraints. Avoid situations that cannot be
calculated.

2.4. Cointegration Test Method. It is necessary to investigate
whether there is a stable long-term relationship between
various influencing factors before empirical research is
carried out to ensure that the database is more stable.
Therefore, it is inevitable to use the cointegration rela-
tionship test method to verify the periodic time series data.
Whether there is a stable long-term relationship [21]. At
present, there are two common cointegration testing
methods: one Engle Granger (EG), mainly based on the
stationarity test of regression residuals, followed by the j-j
test.

Johansen Juselius mainly uses vector autoregression and
VaR to verify the cointegration relationship. Before con-
ducting an empirical study on the overall level and re-
sponsible regions of the influencing factors of carbon
emissions in tourism industry, this paper examines whether
there is a long-term cointegration relationship between the
influencing factors on the basis of the JJ likelihood ratio test.
In order to ensure that individual factors are taken into
account, it is meaningful to analyze the decomposition of the
influencing factors later [22, 23].

The expression of the j-j likelihood ratio test is as follows:
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k
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(3)

However, the best method to analyze the fragmentation
of index has not been established. Among the many IDA
methods mentioned above, this article analyzed the theo-
retical basis, applicability, and functionality of the index
decomposition analysis (IDA) in the existing literature and
pointed out that the log average degradation index (IDA)
LMDI method can eliminate the residual duration, so it is
more applicable [24, 25].

3. Research Design

3.1. Accounting Scope of Tourism Carbon Emission.
Tourism industry has the characteristics of a long industrial
chain and high business relationship, which leads to the
complexity and diversity of energy consumption and carbon
dioxide emission measurement indicators. In addition, due
to the lack of tourism statistics and the unclear definition of
the scope of tourism carbon emission accounting, the
measurement of tourism energy consumption and carbon
emission has become a recognized problem. Before calcu-
lating the carbon dioxide emissions of tourism, it is nec-
essary to determine the accounting scope of carbon dioxide
emissions of tourism. Although China has incorporated the
tourism industry into the carbon emission system, the five
links of “eating, traveling, shopping, and entertainment” in
the tourism industry have not been directly reflected. If the
carbon emission of tourism is calculated according to this
statistical classification, it is actually only a part of the carbon
emission in the accommodation process of tourism and
tourism service industry, resulting in the formation of
“quantity leakage,” because other situations are not taken
into account. Therefore, domestic researchers believe that
the statistical coverage of tourism should include economy,
catering, communication and transportation, post and
telecommunications, and social services, as well as accom-
modation and catering industry. They should be put forward
independently of each other. Tourism revenue and tourism
added value are considered from six aspects of trans-
portation, post and telecommunications, trade, catering and
accommodation, and social services.

3.2. Carbon Emission Research Design. In this paper, the
“separation rate of tourism consumption” is used to cal-
culate the “separation rate of tourism consumption,” and the
energy consumption of tourism industry is separated from
tourism related industries.

The calculation formula of “tourism consumption sep-
aration rate” and the proportion of energy consumption in
tourism related industries are as follows:

VN
TPV,

TVN = TEg x VAEg = TEj x (4)
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In formula (4), TVNg is the tourism growth value
of tourism related industry K, TEy is the tourism revenue of
tourism related industry K, WAEy is the growth value
of tourism related industry K, TEy is the growth value of
tourism related industry K, and WAEy is the total revenue of
tourism related industry K, where k=1, 2, 3, 4 represent
“transport, “transport, and post and telecommunications,”
“wholesale and retail,” “catering and accommodation,” and
“social service industry.”

Based on the statistics of energy consumption of tourism
related industries, this paper investigates and calculates the
overall level of carbon emission of tourism industry in
eastern, central, and western regions of China in accordance
with the “reference method” proposed in IPCC “guidelines
for greenhouse gas emission inventory.” The expression is as
follows:

keZZq:kZ:Zk;:ijq:ZDRiqvxﬁv. 5)
] ] ]

In formula (5), k° is China’s overall tourism carbon
emission in e year; k‘; is tourism carbon emission in g region
in e year; k§ is tourism carbon emission in e year of ]
province; k%, is tourism carbon emission of tourism related
industry g in e year of j province; DRS,, is energy con-
sumption of tourism related industry g in e year of |
province; and S, is carbon emission coefficient of energy
source v. Among them, e = 1, 2, 3 denote eastern, central, and

western and v=1, 2, 3, ....

4. Analysis of Simulation Results of Tourism
Carbon Emissions in China

4.1. Carbon Emission Algorithm Analysis. According to the
calculation formulas (1) and (2) and based on the re-
search data of added value and total revenue of tourism
related industries, this paper calculates the transport;
post and telecommunications; wholesale and retail; and
the east, central, and western regions of China from 2010
to 2019. The “tourism consumption stripping coeflicient”
of the four tourism related sectors of social services is
shown in Table 1. On the basis of calculating the “tourism
consumption stripping coefficient” of each industry,
according to the calculation formulas (4) and (5) and the
energy consumption data of tourism related industries,
we can separately calculate the overall level of China and
its eastern, central, and western tourism carbon emis-
sions, as shown in Table 1.

As shown in Figure 1, in terms of regions, in the past 10
years, the tourism carbon emission intensity of the industries
in the west, the middle, and the east is limited by the energy
utilization efliciency, energy consumption composition,
management efficiency level, policy regulation environment,
and energy conservation and emission reduction technology,
which shows a different numerical distribution. On the whole,
however, the intensity of tourism carbon emission in the west,
middle, and east always shows “catering and accept-
ance > transport, post, and telecommunications > wholesale
and retail > social service industry.”
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4.2. Analysis on the Results of China’s Tourism Carbon
Emissions. As shown in Figure 2 and Table 2, the mea-
surement results of tourism carbon emissions of China as a
whole and its eastern, central, and western regions show that
there are two significant characteristics of China’s tourism
carbon emissions from 2010 to 2019: (1) the tourism carbon
emissions show an upward trend year by year, but the rising
range gradually tends to be gentle. In terms of increase,
China’s overall tourism carbon emissions increased from
48.9114 million tons in 2010 to 198.646 million tons in 2019,
an increase of 149734600 tons. From the perspective of the
increase rate, the annual growth rate of China’s overall
tourism carbon emissions increased from 13.56% in 2011 to
17.95% in 2019, an increase of 4.39%. The difference of the
rising range of tourism carbon emissions is relatively large.
In terms of regions, the carbon emissions of tourism in the
east, central, and western regions increased from 37.2162
million tons, 8.142 million tons, and 10.6621 million tons in
2010 to 118.6715 million tons, 63.2364 million tons, and
67.8244 million tons in 2019.

Note: since the tourism carbon emissions in 2010 are
taken as the base period data, the annual growth rate of
tourism carbon emissions in 2010 is set as 0.

Among them, the carbon emissions of tourism in the
central and western regions increased fastest and the growth
rate was about 5 times. This shows that although the carbon
emissions in the central and western regions are lower than
those in the east, the growth rate of carbon emissions caused
by the rapid development of tourism industry is obviously
higher than that in the east, as shown in Figure 2. However,
affected by the factors of regional economic level, tourism
carbon emissions in different regions are different. There are
also differences in the rebound range of the two-year growth
rate. In the more developed eastern region, the rebound
amplitude is small and the rebound growth rate is only
6.39%. In the underdeveloped central and western regions,
the rebound amplitude is relatively large, and the rebound
growth rate reaches 8.24% and 10.37%, as shown in Table 2.

As shown in Table 3 and Figure 3, during the 10 years
from 2010 to 2019, China’s overall carbon emissions from
transport, post, and telecommunications; wholesale and
retail; catering and accommodation; and social services show
a gradual growth trend. From 48.911 million tons, 10.662
million tons, 8.1422 million tons, and 37.216 million tons in
2010, they will increase to 198.646 million tons, 67.824
million tons, 63.236 million tons, and 118.677 million tons
in 2019, with an increase of 306.13%, 536.12%, 676.64%, and
218.88%, respectively.

With 2016 as the change node, tourism carbon emissions
of China’s overall industries show a transformation from
“low and median area” (2010-2015) to “high-value area”
(2015-2019), as shown in Figure 3. In the above transfor-
mation, the increase rate of tourism carbon emissions of
wholesale and retail is significantly higher than that of other
industries. Tourism carbon emissions due to wholesale and
retail have jumped from the fourth place in 2010 to the
second in 2019, and from the “low-value area” of 8.142
million tons in 2010 to the “high-value area” (31.8091 million
tons, 2019), as shown in Table 3. Although the carbon
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TaBLE 1: Stripping coefficient of tourism consumption in China and its regional industries from 2010 to 2019.

Year
Industry
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Transportation, post, and telecommunications 0.21 0.21 0.45 0.46 0.12 0.32 0.3 0.3 0.73 0.12
Wholesale and retail 0.21 0.26 0.21 0.31 0.36 0.32 0.65 0.12 0.13 0.56
Catering and accommodation 0.35 0.36 0.46 0.44 0.46 0.2 0.12 0.3 0.44 0.62
Social services 0.16 0.05 0.22 0.21 0.05 0.37 0.32 0.58 0.33 0.32
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FIGURE 2: Annual growth rate of China’s overall and regional tourism carbon emissions from 2010 to 2019.
TaBLE 2: Annual growth rate of China’s overall and regional tourism carbon emissions from 2010 to 2019.
Year
Content
2011 (%) 2012 (%) 2013 (%) 2014 (%) 2015 (%) 2016 (%) 2017 (%) 2018 (%) 2019 (%)
Nationwide 13.56 14.33 14.69 24.16 24.37 23.17 19.32 21.54 17.95
East 14.87 15.50 16.31 25.43 14.35 21.45 27.54 36.58 14.58
Middle 14.58 13.28 22.64 22.34 20.15 31.24 22.38 25.46 37.84
West 11.35 15.64 33.56 15.48 18.65 25.16 23.54 26.31 23.15
TaBLE 3: Carbon emissions by industry.
Year
Content
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Transport 3721.62 3978.5 4823.3 6325.3 5921.44 8288.79 9268.4 10395.6 11087.4 11867.7
Wholesale 814.22 893.16 983.85 1510.6 1765.21 2277.91 3180.9 3948.4 4909.45 6323.64
Catering 1066.21 1366.1 1407.3 1833.6 2194.43 2909.54 4018.4 4268.2 5104.86 6782.44

Social service 4891.14 6327.6 6931.1 9462.5 11342.3 13476.2 15857. 17582.2 21541.8 19864.6




Urban and Rural Tourism Strategies in Sustainability

2019 —
2018 =i
2017 =

2016 —

2015 [E—————
2014 pE—————
03 pm————
2012 pmm————— |
2011 pE————
2010 E=——T

0 5000

Year

10000 15000

Carbon emissions

20000 25000

= Social service industry
Wholesale and retail

= Catering and accommodation
= Transport, post, and
telecommunications

FIGURE 3: Analysis and comparison of carbon emission of China’s
overall and regional tourism growth rate from 2010 to 2019.

emission of tourism in the wholesale and retail industry is
still lower than that of transport, post, and telecommuni-
cations, its rising value is obviously higher than that of
transport, post, and telecommunications. This shows that
when meeting the basic demand of tourism, the tourism
motivation of tourists changes, which makes wholesale and
retail tourism carbon emissions second only to transport.
Another major source of tourism carbon emissions is post
and telecommunications, catering, and accommodation,
which is expected to exceed the level of tourism carbon
emission caused by “food,” “housing,” and “transportation”
in a certain period in the future.

The purpose of the research and analysis of tourism
carbon emissions is to understand the current situation of
tourism carbon emissions in China as a whole, regions, and
industries. To analyze the intensity of tourism carbon
emissions is to understand the contribution efficiency of
tourism carbon emissions of provinces, cities, and industries.
However, the research on the relationship between tourism
economic growth and tourism carbon emissions is rare.
Existing studies have pointed out that there is a correlation
between energy consumption or carbon emissions and eco-
nomic growth; that is, they are synchronized. This makes how
to block the relationship between economic growth and re-
source consumption and environmental pollution become an
important issue in today’s academic research. Therefore, to
clarify the relationship between tourism economic growth
and tourism carbon emissions plays an important role in the
realization of low-carbon tourism development under the
premise of economic growth. In this context, this paper uses
the index decomposition analysis method and cointegration
relationship test method to analyze the correlation between
China’s overall level and its regional tourism carbon
emissions.

As shown in Figure 4, combined with the data of the total
amount of tourism carbon emissions and the growth rate of
the eastern, central, and western industries, the three regions
draw the following conclusions and suggestions: (1) the
eastern region should focus on wholesale and retail busi-
nesses, with social services as the second choice; (2) make
transportation, catering, and accommodation the first
choice, and social service industry should be the third choice
object.
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The total carbon emissions (including direct and indi-
rect) of China’s tourism industry in the research years (2013,
2014, 2015, and 2016) were 140.26 million tons, 135.89
million tons, 148.93 million tons, and 16.978.47 million tons,
respectively, accounting for 4.64%, 3.95%, 2.84%, and 2.71%
of the total carbon emissions of all industries in China. It
accounts for 4.11%, 3.50%, 2.54%, and 2.44% of China’s total
carbon emissions (including carbon emissions from do-
mestic consumption). In the research year, the proportion of
direct carbon emissions, indirect carbon emissions, and total
carbon emissions of China’s tourism industry in the total
carbon emissions of all industries in China and the pro-
portion of China’s total carbon emissions (including the
carbon emissions of living consumption) decreased in turn.
(3) In the study years (2013, 2014, 2015, and 2016), the direct
carbon emissions from tourism transportation were the
largest, which were 49.9257 million tons, 42.2538 million
tons, 36.8809 million tons, and 50.01427 million tons, ac-
counting for 74%, 76%, 67%, and 68% of the total direct
emissions of tourism industry. The second is commodity
sales, catering, and accommodation. The proportion of
tourism, entertainment, post and telecommunications, and
other services is small, and the total emissions are also less.
Take the tourism departments in 2007 as an example, 68% of
transportation, 2% of sightseeing, 6% of accommodation, 6%
of catering, 11% of commodity sales, 1% of entertainment,
1% of posts and telecommunications, and 5% of other
services. In the study year, the direct carbon emissions of the
tourism sector showed a trend of first rising and then de-
creasing, especially in the tourism transportation sector. In
the research years (2013, 2014, 2015, and 2016), the indirect
carbon emissions from tourism transportation were the
largest, accounting for 39%, 43%, 40%, and 38% of the total
indirect carbon emissions of tourism industry, which were
28.5328 million tons, 34.7507 million tons, 37.4926 million
tons, and 37.04 million tons, respectively. However, com-
pared with the percentage of direct carbon emissions from
tourism transportation, these ratios are relatively small and
have a large drop. The second is commodity sales, catering,
accommodation, and other services, while the proportion of
sightseeing, entertainment, post, and telecommunications is
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small. Take the tourism departments in 2010 as an example,
the traffic, sightseeing, accommodation, catering, com-
modity sales, entertainment, posts, telecommunications, and
other services were 38%, 6%, 11%, 12%, 16%, 3%, 1%, and
13%, respectively. In the study year, the overall carbon
emissions of various sectors of the tourism industry showed
an upward trend, while the local changes in various sectors.
The direct carbon emission of the tourism transportation
sector is higher than indirect carbon emission, while the
indirect carbon emission of other tourism sectors is far higher
than direct carbon emission. In particular, direct carbon
emissions from tourism and entertainment account for only
20% of the total carbon emissions. Besides the ministry of
tourism and transportation, the indirect carbon emissions of
other tourism sectors are 3 to 4 times their direct carbon
emissions. Therefore, the carbon emissions generated by other
tourism sectors should also be paid attention to, because it is
very important for the path analysis of carbon emission re-
duction and the formulation of carbon emission reduction
policies. Although the direct carbon emission of tourism
transportation is large, its relative indirect carbon emission is
not as large as that of other tourism sectors.

5. Conclusion

For the total amount of tourism carbon emissions, annual
growth has become the development trend, high east and
low west has become the normal development. During the
10 years from 2010 to 2019, China’s overall and regional
tourism carbon emissions show an upward trend year by
year, and the growth rate of central and western regions is
significantly higher than that of the eastern region; in this
upward trend, the tourism carbon emissions and the ability
of tourism development to resist the crisis cycle are sig-
nificant and show a “postcrisis rebound” effect after the end
of the crisis to achieve compensatory growth in carbon
emissions. In terms of tourism carbon emission intensity,
decreasing year by year has become the development trend,
and high in the west and low in the east has become the
normal development. China’s tourism carbon emission
intensity is decreasing year by year in time and is high in the
west and low in the east in space.

Therefore, combined with the trend chart of tourism
carbon emission at the overall and regional level of China,
China should take “enhancing the intensity of tourism
carbon emission and reducing the total amount of tourism
carbon emission” as the action guideline in the process of
reducing tourism carbon emission, that is, on the premise of
promoting the continuous growth of tourism income at the
overall level and the regional level of China. To achieve the
continuous reduction of tourism carbon emissions, com-
plete the sustainable development of tourism under the
green and low-carbon economy. As for the theme of
“strategic research on sustainable development of tourism
industry under the background of low-carbon and green
economy,” due to the restriction of the author’s level and
practical experience, there are the following research defi-
ciencies and areas that need to be further improved in the
future.
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The research on the development strategy of tourism
under the green and low-carbon economy is a systematic
project, which needs to be based on the theories of tourism,
geography, ecology, psychology, and economics. At present,
the low-carbon concepts such as the low-carbon economy
and low-carbon tourism are still in the research stage, and
there is no unified theoretical framework The research is less
and needs to be further improved. We explained, in this
paper, the concept of sustainable development and the
development of low-carbon tourism research ideas, com-
bined with the concept of low-carbon economy to supple-
ment and improve. However, under the green and low-
carbon economy, the development of tourism strategy is a
comprehensive process, and the selection of the index
system needs to be further supplemented and improved.
With further research in the future, the development of
tourism is more in line with the requirements of the low-
carbon concept and sustainable development concept and
more suitable for practical application.
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Sustainable consumption has attracted much attention from the tourism industry. However, from the perspective of academic
research, the psychological mechanism of collaborative consumption has not been thoroughly understood as the main form of
sustainable consumption. This study explores the impact of advertising appeals on consumers’ willingness to participate in
collaborative consumption. Through two psychological experiments, it is believed that, relative to the rational appeal, the
emotional appeal will positively affect consumers’ participation willingness to collaborative consumption, and psychological
ownership mediates this relationship. Furthermore, the form of information presentation moderates the influence of advertising

appeals on psychological ownership.

1. Introduction

While the sharing economy craze remained unabated in
2017, collaborative consumption in the business world
staged a song of ice and fire after 2019. Even though
leaders in the Chinese tourism industry such as Tujia
Homestay and Huazhu Hotels Group have accelerated the
timeshare tourism business, the industry is still full of
chaos and disputes [1]. While Mobike rapidly developed
in the field of bike sharing locally and abroad, Wukong
Bike and 3Vbike ceased operations one after the other [2].
There are different explanations for this complicated
business situation, which generally include the choice of
profit model, change in national policy, and management
and control of company operation [3]. In the context of a
sharing economy, consumers can directly participate in
collaborative consumption. Knowing that the degree of
participation mainly depends on the intention of con-
sumers, this study examines the factors that affect con-
sumers’ willingness to participate in collaborative
consumption.

This research also aims to analyze the role of psycho-
logical ownership in the process of collaborative con-
sumption. As an important sustainable consumption model,
collaborative consumption refers to consumption based on
the right of use. In contrast to ownership consumption, it
reduces consumer costs, especially consumption responsi-
bilities, for products or services [4]. The form and process of
collaborative consumption also determine that consumers
will focus on meeting individual needs and repeatedly in-
teract with companies, from passive consumption service to
active participation and responsibility [5]. This enhances
consumers’ psychological ownership of products or services
[6]. Furthermore, psychological ownership strengthens the
participation tendency of consumers and avoids negative
behaviors similar to damaging shared products [7]. From the
perspective of communication between companies and
consumers in a sharing economy, social media advertise-
ments of collaborative consumption companies mostly
emphasize the functional value of convenience and saving
on products or services. Its prosocial emotional character-
istics, such as environmental protection, sustainable
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development, and building intimate relationships, are also
highlighted [8].

Sharing is the most basic form of communication in
human economic behavior, which can be traced back to tens
of thousands of years ago [9]. However, it has not received
much attention from tourism research [10]. There are two
main reasons for consumer participation in collaborative
consumption. One is convenience and price from the
utilitarian perspective, and the other is environmental
protection and sustainable development from the perspec-
tive of self-extension [11]. Compared with market practices,
collaborative consumption has not been thoroughly un-
derstood, and the mechanism of consumers’ participation in
collaborative consumption remains unclear [12]. There are
also no specific operational opinions on how to carry out
collaborative consumption models [11, 13]. From the
viewpoint of the rapid development of sharing economies,
there are still many problems that need to be further ex-
amined in the field of collaborative consumption, including
its influencing factors [14, 15] and the change of psycho-
logical ownership and marketing consequences [16, 17].

This paper aims to explore the influence of different
advertising appeals and information types on consumers’
collaborative consumption intentions. It also analyzes the
mediating effect of psychological ownership on the above
relations by combining the development status of sustain-
able consumption.

2. Literature Review and
Hypotheses Development

2.1. Collaborative Consumption. Collaborative consumption
is when consumers coordinate the acquisition and allocation
of resources for consumption in exchange for some form of
compensation [18]. In the context of a sharing economy, it
has become the main form of sustainable consumption.
Collaborative consumption usually occurs within organi-
zations or communities, where participants allocate goods,
services, travel plans, venues, and even money in the form of
leasing, lending, exchanges, and transactions [13, 18, 19].
There are two factors that affect consumers’ participation in
collaborative consumption. The first is that they are driven
by utilitarianism. Consumers who participate in collabo-
rative consumption can obtain direct economic benefits
through factors such as function and convenience. These
economic benefits are the main factors driving consumers to
participate in plans of car sharing, bike sharing, and call time
sharing of mobile phones [20]. The lack of perception of
economic interests will hinder consumers’ participation in
this form of consumption [21]. Collaborative consumption
provides more value when consumers pay less [19, 20],
making the sharing economy more attractive since its
benefits are greater than the costs [22].

The second factor is the pursuit of prosocial value.
Collaborative consumption can reduce the consumption of
new products and raw materials, which is conducive to
environmental protection [19, 23]. It enables participants to
establish and maintain social contact with others by coop-
erating with social networks, direct peer-to-peer interaction,
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and personal experience sharing. Participation in collabo-
rative consumption provides a platform for making new
friends and developing valuable relationships [19]. This
platform not only helps strangers meet and communicate
online, but also provides opportunities for personal offline
communication. For example, community building, anti-
materialism, and voluntary behavior will affect the sharing
behavior of consumers in toy houses and tourism events
[24, 25]. Having a sense of pleasure and consumption
sustainability will also have a significant effect on the be-
havior tendency of collaborative consumption [26].
Compared with the transaction of goods or services, the
development of collaborative consumption benefits from the
recent advancement of internet technology, which is an
emerging market phenomenon. However, empirical studies
on the influencing factors of participating in collaborative
consumption are rare, and the psychological mechanism of
participation has not been deeply explored [13].

2.2. Advertising Appeals. Advertising appeals refer to dif-
ferent types of interests or information that appear when
communicating with consumers [27]. Persuasive informa-
tion needs to adopt appropriate appeals and provide in-
formation related to emotion, desire, or rationality and
operability in order to communicate with potential con-
sumers [28]. Advertising appeals can be divided into
emotional and rational appeals [29]. Emotional appeals
strive to convey the pleasant feeling of the product, which is
related to soft marketing appeal, and emphasize the emotion
[12], that is, the emotion and subjective impression of the
product’s tangible characteristics [30]. Rational appeals
show how the product works, tell consumers the actual
interests, and regard the product itself as the purpose. The
information it provides is more focused on the use and
description of a product, which is related to hard marketing.
The two kinds of appeals differ in terms of method and
purpose [31]. When the advertisement focuses on the
emotion or desire achieved by the product, it emphasizes the
high-level goal of why it should be purchased. When it
focuses on rationality or operability, it emphasizes the
functions of the product.

The background of collaborative consumption and that
of common consumption differ mostly in two points. The
first is the emergence of prosocial value. The second is that
there is no transfer of ownership. Emotional appeals are
more closely related to the values emphasized by collabo-
rative consumption for consumers, making them more likely
to accept related products or services. From the market
reality, when consumers choose to share products or ser-
vices, the recognition of values is also the selling point of
many products. When there is no transfer of ownership,
consumer involvement becomes relatively weak, so they are
reluctant to invest too much cognitive effort in the selection
process. Emotional appeals do not need much detailed
processing because they only present more general infor-
mation, such as limited product features [32]. In contrast,
rational appeals contain a lot of functional parameters and
information on features, so more cognitive effort should be
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mobilized towards understanding them [33]. Therefore,
compared with theoretical appeals, emotional appeals are
more consistent with collaborative consumers, which will
positively affect the intention of consumers to participate:

H1: in the context of collaborative consumption,
emotional appeal advertising will positively affect
consumers’ willingness to participate, compared with
rational appeal advertising.

2.3. Psychological Ownership. Psychological ownership re-
fers to a state in which a person feels that he or she owns the
target object or a part of it [13]. It originates from the ex-
tension of the concept of “I” in psychology. People’s sense of
ownership or the experience of psychological possession is
not limited to actual possession [31]. There are three main
motivations of psychological ownership: efficacy, self-
identity, and owned space [34]. For the pursuit of efficacy,
people control the environment and objectives by gaining
disposal power to obtain ideal results. For the promotion of
self-identity, people are mainly through the self-involvement
in the process of pursuing goals and personal identification
of the goal concept. For owned space, emotional connection
and pride are mainly formed through familiarity with the
subject matter [35].

Collaborative consumption does not advocate owner-
ship, believing that it bears the responsibility of use,
maintenance, and disposal. However, in practice, the rele-
vant liability caused by ownership or violation loss is only
reduced in the collaborative consumption scenario, but does
not disappear. For example, in the process of collaborative
consumption, consumers have the responsibility to use
products or services reasonably to ensure that other con-
sumers can use them smoothly. Sanitation, delivery, and
other links need to be carried out according to relevant
requirements. Although physical ownership has not been
transferred, psychological ownership does not disappear and
still exists.

The emotional appeal will emphasize the values of
collaborative consumption, such as environmental protec-
tion, literature, and art, among others. It makes it easier for
consumers to form self-related meanings and situations and
increase their sense of identity for collaborative consump-
tion. It is easier to enhance the consumer’s involvement in
identity goals and strengthen the relationship between
consumers and collaborative consumption, thus strength-
ening psychological ownership [36]. The rational appeal lays
more emphasis on the efficacy of products or services. In the
context of collaborative consumers, the sense of efficacy is
not well supported by entities, and the power of control or
disposal is weakened. Relatively speaking, it has a small
impact on psychological ownership. Emotional appeal ad-
vertising involves values and emotions, which will have a
greater impact on the identity of consumers associated with
it. Consumers will attach more importance and become
more willing to “own” it [37]. Accordingly, the following
hypothesis is proposed:
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H2: compared with rational appeal advertising, emo-
tional appeal advertising has a positive impact on
consumers’ psychological ownership of collaborative
consumption products or services.

It is generally believed that psychological ownership has
a positive effect on consumer behavior [17]. As the pro-
motion of psychological ownership will strengthen the idea
that products or services become an extension of the self, it
will be easier to resist the impact of competitive brands.
Psychological ownership will enhance word of mouth and
brand loyalty. In the process of collaborative consumption, it
will reflect more important consumption significance
without the transfer of entity ownership, which will directly
affect the choice of consumers. Research in the field of
organization also believes that the psychological ownership
of the organization will enhance employees’ citizenship
behavior, strengthen their commitment to the organization,
and reduce turnover rate. At the same time, due to the
strengthening of psychological ownership, there will be an
ownership effect, and individuals will evaluate the “owned”
products or services more positively. Therefore, the fol-
lowing hypothesis is proposed:

H3: consumers’ psychological ownership of collabo-
rative consumption products or services has a positive
impact on consumers’” willingness to participate.

Collaborative consumption products emphasize conve-
nience and play down responsibility in the consumption
process. This, coupled with the uneven quality of consumers,
can damage shared products from time to time, seriously af-
fecting the development of related industries. The key mech-
anism is that consumers do not have a strong sense of
psychological ownership, so they do not feel that they “own” the
products or services. The right to use can partly replace
ownership. However, from the perspective of company oper-
ations, consumers who have no connection with companies and
only pay attention to functions are more likely to transfer their
affection to other products. In comparison with rational ap-
peals, emotional appeals more easily develop consumers’ res-
onance to product values and emotions, strengthening
psychological ownership, and enhancing their willingness to
participate. Therefore, the following hypothesis is proposed:

H4: consumers’ psychological ownership of collabo-
rative consumption products or services mediates the
relationship between advertising appeals and partici-
pation intention.

There are many forms of advertising appeals. Since col-
laborative consumer advertising takes into account more fac-
tors, such as prosocial factors and network effects of
participants, this study only focuses on two commonly used
forms of such advertising: consumer- and company-oriented
information [38]. Consumer-oriented information places em-
phasis on encouraging consumers to participate in products or
services and tends to stimulate self-related ideas to help solve
social and economic problems [39]. It often uses the form of
“Would you like to join us?” and uses the second person point
of view to describe the form of shared values and narrative
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appeals. The corresponding company-oriented information
mainly conveys the company’s practice to the target audience. It
often uses the form of “What will we do?” in the first person
point of view to show the value of products and services from
the perspective of companies [40]. The above communication
methods enable the audience to connect information with self-
related experiences, which is called self-reference [41].

Self-reference can promote the in-depth processing of
information and stimulate self-related memory [42]. Con-
sumer-oriented information is more likely to arouse self-
reference, which tends to use analytical thinking to process
information. In contrast, the correlation between company-
oriented information and the self is not high. Consumers
will think in a holistic way and not pay attention to specific
information [43]. The adoption of consumer-oriented in-
formation will strengthen consumers’ understanding of
emotional appeals, improve the relationship between
products or services and the consumer, and further em-
phasize psychological ownership. Although it also con-
tributes to understanding functional appeals in the context
of collaborative consumption, the function of a single
product or service becomes weak, and the sense of efficacy is
low. Therefore, consumer-oriented information will
strengthen the relationship between appeals and psycho-
logical ownership. Company-oriented information lays
more emphasis on corporate behavior and has a weaker
connection with consumers. This makes it difficult for
consumers to develop self-identity and will not affect the
impact of appeals on psychological ownership. Therefore,
the following hypothesis is developed:

H5: the means of expression of collaborative con-
sumption advertising can adjust the relationship be-
tween advertising appeal and psychological ownership.
That is to say, compared with company-oriented in-
formation, consumer-oriented information will
strengthen the H2 relationship.

The topic of this research involves four variables: ad-
vertising appeal, psychological ownership, participation
willingness, and means of expression. Logic is proposed
according to hypotheses. The relevant conceptual framework
is shown in Figure 1.

3. Data and Research Methods
3.1. Research 1

3.1.1. Research Design and Subjects. Research 1 mainly fo-
cused on the influence of advertising appeals on consumers’
willingness to participate and the mediating effect of psy-
chological ownership. The research adopted the control
group experimental method, and the collaborative con-
sumption scenario adopted tourism short rentals. The ad-
vertising  materials were extracted from actual
advertisements of Airbnb, Mayi, and Xiaozhu, and the kind
of pictures and words commonly used by these companies
was adopted. The main reasons for choosing this scenario are
as follows. First, tourism short rental originated before the
current boom in the sharing economy and has a more
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mature industrial development. Second, research 1 involves
college students, who represent the key consumer groups of
tourism short rentals and have a certain understanding of
the short rental mode.

Through campus advertising, the researcher recruited
volunteers to test the advertising design effect of the com-
pany’s homepage. A total of 99 students from a university in
Hubei were recruited as participants. After the test, all re-
search participants would receive a gift worth 15 yuan.
Among the subjects aged 18 to 26 years old, 37% were males
and 63% were females. All subjects were randomly divided
into four groups, and the experiment was conducted in
different rooms within the university. In order to avoid the
subjects’ discovery of the true purpose of the experiment and
affecting its impact, a short fictional rental company named
“Woniu” was created. Actual advertising content used by
Airbnb, Mayi, Xiaozhu, and Tujia were used to promote
“Woniu.”

The advertising content of the aforementioned compa-
nies could be divided into two categories: function and
emotion, which also correspond to the focus of this research,
namely, the design of emotional appeals and rational ap-
peals. Among them, there was a lot of advertising content
related to price concessions (e.g., “special offer tonight, 30%
discount,” “special sale on Thursday, selected beautiful
houses, from 5 yuan”). The research did not pay attention to
the influence of price and other factors, so content selection
did not consider information on price. The content of the
functional category mainly included security, credit, hous-
ing, and other services (e.g., “perfect security mechanism,”
“compensation in advance,” and “4 million houses for you to
choose”). Emotional content mainly included sharing, ex-
ploration, relationship, and other aspects of concern (e.g.,
“don’t go here, live here,” “meet with you in another place,”
and “all the encounters in the world are reunion after a long
separation”). The experimental materials were adapted
according to real advertisements. The relevant information is
shown in Table 1.

To highlight the comparative effect of the experiment, the
company name “Woniu” was appropriately enlarged in ad-
vertisements emphasizing company-oriented information, while
“you” was appropriately enlarged in those emphasizing con-
sumer-oriented information. In advertisements that emphasized
emotional appeal, the blue sky, white clouds, green plants, and
distant mountains were used as the background. In those that
focused on rational appeal, actual pictures of the room were used
as the background.

In the experiment, the researcher explained to the
subjects that they were recruited to test the design of
homepage ads. In the middle of the homepage of Woniu
Company’s website, one can find its company profile, which
briefly introduces the company’s development history, main
business, scale, and service guarantee.

The related introduction enabled participants to have a
basic understanding of the company and provided support
for subsequent advertising content testing. Ten seconds after
the homepage was opened, a window advertisement with the
size of 336 336 * 280 px popped up in the middle of the
screen. When the subjects closed the window advertisement
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Means of expression
Company-oriented information
Consumer-oriented information
Advertising appeal
Emotional appeal y - Psychological - 2 aTt%cipation
Rational appeal " ownership " willingness
FiGURE 1: Research framework.
TaBLE 1: Main text contents of experimental materials (research 1).
Type Company-oriented information Consumer-oriented information
. Woniu provides you with the opportunity to have a good story  Woniu invites you to have a wonderful story with the
Emotional . . .
appeals with the world. Explore the unknown, meet and experience, world. Explore the unknown, meet and experience, and
bP and share freely. share freely.
. . . Woniu invites you to appreciate the excellent
Rational Woniu has selected excellent accommodation for you. . you pprect .
) . . accommodation. Security mechanism, credit guarantee,
appeals Security mechanism, credit guarantee, and real house supply.

and real house supply.

for 10 seconds, the relevant questionnaire appears. In the
process of collecting the experimental questionnaires, three
were not completed, and a total of 96 valid questionnaires
were obtained.

The content of the questionnaire mainly includes re-
search variables, such as psychological ownership and
participation willingness, customer knowledge, advertising
effectiveness evaluation, and Woniu brand familiarity. These
are taken as the control variables. Customer knowledge was
taken as a control variable, considering that sharing econ-
omy is a new hotspot in market development, and under-
standing related phenomena will affect participation
willingness. The evaluation of advertising effectiveness
mainly involves advertising design and expression, and the
differences in effectiveness will directly affect participation
willingness. The Woniu brand is a virtual one, so it is
necessary to avoid the influence of brand familiarity on
participation willingness.

3.1.2. Control Test. All the scales used the mature items in
the literature. Among them, the five-item scale (a = 0.87)
[44] was used for the two kinds of advertising appeals, the
single-item mode for advertising expression [38], the seven-
item scale (a = 0.83) for psychological ownership [45], the
five-item scale (a = 0.79) for participation willingness [46],
the five-item scale (« = 0.85) for customer knowledge [47],
and the five-item scale (a =0.93) for advertising effect
evaluation [46]. The single-item mode was used for the
degree of familiarity of the Woniu brand (i.e., “Do you know
the Woniu brand”?).

The five-item scaling method was used for the control
test. The results of emotional and rational appeals were M
emotional appeal =2.91 vs. 4.02, F=9.7, p <0.05; M rational
appeal =2.43 vs. 3.86, F=5.9, p<0.05, which all had sig-
nificant differences. The results of company- and consumer-
oriented information were M company=3.12 vs. 4.33,
F=73, p<0.05; M consumer=340 vs. 4.56, F=6.5,

P <0.05, which all had significant differences that prove the
success of the experimental manipulation. For the emotional
and rational appeal groups, the result of the customer
knowledge test was M =3.11 vs. 4.02, F=2.7, p = 1.08, and
the evaluation result of the advertising effect was M = 3.51 vs.
3.02, F=1.2, p = 4.28. There was no significant difference
between the two control variables. The awareness rate of the
Woniu brand was at 3%, so the virtual brand had little
influence on the result.

3.1.3. Results Analysis. An independent sample T-test was
carried out on two groups of data of emotional and rational
appeals. The results showed that the psychological owner-
ship of the emotional appeal group was significantly higher
than that of the rational appeal group (M emotional
appeal =3.76, M rational appeal=2.27, t=6.34, p <0.05).
The participation willingness of the emotional appeal group
was also significantly higher than that of the rational appeal
group (M emotional appeal = 3.82, M rational appeal =3.18,
t=3.59, p<0.05). The relevant results supported the
viewpoints of H1 and H2. The psychological ownership was
grouped by means (M mean = 3.04), and the data within one
standard deviation were removed. A T-value comparison
was made on participation willingness. The results showed
that there was a significant difference between the willing-
ness of the customers from both groups to participate in
innovation, t=7.56, p<0.05, which supported H3. The
above results also prove the interaction among advertising
appeals, psychological ownership, and participation
willingness.

A bootstrap program was used to test the mediating
effect of insider identity perception. The sample size was
5000. At a 95% confidence interval, the mediating test results
of psychological ownership did not include 0 (LLCI=0.02,
ULCI=0.35) and was significant with an effect size of 0.39.
After controlling psychological ownership, it was observed
that advertising appeals still had a significant effect on
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participation intention (f=0.19, p <0.05). The effect size
decreased by 0.20, indicating that psychological ownership
played a partial mediating role, which supported H4.

To further verify the moderating effect of expression, an
ANOVA analysis was carried out on psychological ownership
under different advertising appeals. The results showed that the
interaction between advertising appeals and expression was
significant, F (2, 98) = 6.85, p < 0.05. When the advertisement
had emotional appeal, the score of the psychological ownership
of the company-oriented information group was significantly
lower than that of the consumer-oriented information group
(M emotional appeal—company-oriented=3.26; M rational
appeal—consumer-oriented = 4.08, F=6.67, p <0.05). When
advertising had rational appeal, the score of the psychological
ownership of the company-oriented information group was
significantly lower than that of the consumer-oriented infor-
mation  group (M  rational  appeal—consumer-
oriented =3.25>M emotional appeal—company-oriented =
2.72, F=3.25, p <0.05). The specific data are shown in Table 2,
which presented above support H5.

The five hypotheses have been verified from the experi-
mental data. The first is that advertising appeals and expression
will affect consumers’ willingness to participate in collaborative
consumption. Compared with the rational appeal, the emo-
tional appeal of advertising is more consistent with the values
advocated by collaborative consumption, which has a positive
impact on consumer participation. When the expression is
consumer-oriented information, the impact on consumers will
be greater. The second is the psychological mechanism of
consumer participation. Contrary to common sense, the in-
ternal mechanism of a collaborative consumption scenario
which emphasizes the right to use is still the change of psy-
chological ownership. For consumers, the sharing economy is
only the change of market manifestation, which is the dif-
ference of scenario variables in the research. However, as the
consumer psychological decision-making mechanism, it has
not been affected. The third is the mediating role of psycho-
logical ownership. The influence of advertising appeals on
consumers will be affected by many factors, and psychological
ownership is only one of them. In the literature on advertising
appeals, variables such as customer expectation and cognitive
fluency may also play a mediating role.

The background of research 1 is the tourism service
industry. Due to the intangible characteristics of the service
itself, consumers pay more attention to the right to use the
service than the right to use the product. Consumers also
relatively accept the collaborative consumption model more
easily. Therefore, research 2 used the collaborative con-
sumption of shared products to further demonstrate the
hypotheses of the paper.

3.2. Research 2

3.2.1. Research Design and Subjects. The content of research
2 is consistent with that of research 1 and still applied the
control group experimental method, and the collaborative
consumption scenario used the shared picture book library.
The external validity of the conclusion can be effectively
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improved by using products for experiments. At the same
time, children’s picture book is a product that customers
choose very carefully. The experiment scene would have a
stronger supporting effect on the hypothesis. The advertising
materials were taken from real advertisements of companies
related to picture books sharing, and the form of pictures
and words used by these companies were adopted. The main
reasons for choosing this scenario are as follows. First, with
the improvement of living standards, picture books are
gradually recognized by many parents in family education.
Second, as the picture book sharing industry rapidly de-
velops, all kinds of picture book libraries are very common in
large- and medium-sized cities in China. Third, picture
books involve children’s education, which is not only a
hotspot in the development of the education market, but also
the focus of parents’ attention.

Due to the particularity of the audience of picture books,
the researcher did not choose children as subjects, but
parents which are consumer decision makers. Participants
were recruited through three kindergartens in Wuhan City,
Hubei Province. For the research, 108 parents were recruited
as participants. After the test, all participants would receive a
picture book worth 15 yuan. Most of the children’s edu-
cational consumption choices are completed by parents, so
parents are explicitly required to participate. Among the
subjects aged 22 to 48, 32% were males and 68% were fe-
males. To avoid the deviation caused by different sources of
students, all subjects of each kindergarten were randomly
divided into four groups. The participants completed the
experiment in a separate classroom before the children were
picked up from school in the afternoon.

To avoid revealing the purpose of the experiment to the
subjects and affecting the effect of the experiment, a virtual
company named “Starlit Sky Picture Book Library” was
created. Its advertising content is adapted from that of the
Quxiaopiao Picture Book Sharing Platform, Liangmiao
Picture Book Library, Yingtao Picture Book Library, Old
John Picture Book Library, and other companies. Similar to
research 1, the advertising content of the above companies
was divided into emotional and rational appeals. The content
related to emotion mainly included the concern of sharing,
company, and relationship (e.g., “the neighbors’ children are
here,” “the founder of the concept of picture book sharing,”
“changing three generations with reading,” “reading to-
gether with parents, growing up with children,” “looking for
a dazed afternoon,” “meeting picture books, achieving
various possibilities,” and “sowing the seeds of happiness
together”). The content related to rationality mainly in-
cluded convenience, credit mechanism, abundant book
sources, and other services (“borrow and return,” “combi-
nation of online and offline,” “only select excellent picture
books,” “all the books you want to read are available here,”
and “100000 + mom’s choice”). Experimental materials were
adapted according to the actual advertisement. The relevant
information is shown in Table 3.

The processing method of highlighting the contrast effect of
the experiment was consistent with that of research 1. In
advertisements emphasizing company-oriented information,
the company name “Starlit Sky Picture Book” was
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TABLE 2: Moderation of advertising information expression (re-
search 1).

Psychological ownership

Type

Emotional appeals Rational appeals

Company-oriented

information 3.26 (22) 3.25 (25)
Consumgr—orlented 408 (24) .
information

appropriately enlarged. In those emphasizing consumer-ori-
ented information, the appellation of “baby” to consumers was
appropriately enlarged. In advertisements that emphasized
emotional appeal, photos of starry skies and seed growth were
used as the background. In those which emphasized rational
appeal, classical picture books and picture book library address
distribution photos were used as the background.

In the experiment, the researcher told the subjects that
they were recruited to do a customer survey to open a picture
book library in the city. The initial content included a brief
introduction of the company, including its development
history, main business, scale, service guarantee, and other
similar information. The relevant content was also adapted
for the introduction of real companies. The company profile
was followed by advertisements and then the questionnaire.
To avoid revealing the real purpose of the experiment, the
questionnaire was also interspersed with statements like
“What brand of picture book library do you know?”, “Your
baby’s weekly reading time,” “What kind of picture books
your baby is most interested in?”, and other market research
items. There were 11 questionnaires rejected due to in-
complete or incorrect information and 97 valid question-
naires were obtained.

The main content of the questionnaire is consistent with
that of research 1, including research variables of psycho-
logical ownership and participation willingness. The control
varjables included customer knowledge, advertising effec-
tiveness evaluation, “Starlit Sky” brand familiarity, perceived
risk, and parents’ education level. Perceived risk was taken as
a control variable due to the importance of children’s ed-
ucation. Additionally, taking the difference of parents’
perception of risk will directly affect consumption decision-
making. Parent’s educational level was taken as the control
variable mainly because the acceptance of picture books is
increasing in China, but it is still largely affected by parents’
education level.

3.2.2. Control Test. All the scales used the mature items in
the literature. Among them, the five-item scale (a = 0.87)
[44] was used for the two kinds of advertising appeals, the
single-item mode for advertising expression [38], the seven-
item scale (a = 0.83) for psychological ownership [45], the
five-item scale (a = 0.79) for participation willingness [46],
the five-item scale (« = 0.85) for customer knowledge [47],
the five-item scale (a = 0.93) for advertising effect evalua-
tion, and the five-item scale (a = 0.83) for perceived risk. The
education level was directly compared with parents’ edu-
cational level. The single-item mode was used for the degree

Urban and Rural Tourism Strategies in Sustainability

of familiarity with the Starlit Sky brand (i.e., “Do you know
the Starlit Sky brand?”).

The five-item scaling method was used for the control
test. The results of emotional and rational appeals were M
emotional appeal =2.89 vs. 3.77, F=4.7, p < 0.05; M rational
appeal =2.36 vs. 3.54, F=6.7, p <0.05, which all had sig-
nificant differences. The results of company- and consumer-
oriented information were M company=2.98 vs. 4.02,
F=49, p<0.05 M consumer=3.12 vs. 433, F=8.2,
P <0.05), which all had significant differences, proving that
the experimental manipulation was successful. For the
emotional and rational appeal groups, the results of the
customer knowledge test were M=3.26 vs. 3.98, F=31,
p = 0.74. The evaluation result of the advertising effect was
M=288 vs. 3.31, F=2.3, p = 1.33, and the result of per-
ceived risk was M =3.08 vs. 2.68, F=7.2, p = 3.36. There was
no significant difference in the above control variables. For
the parents’ educational backgrounds, 14.5% were graduates
or above, 68.4% were university education, 12.8% were
senior high school or technical secondary school education,
and 4.3% were junior high school and other education. The
scores of the above levels of educational attainment were
four to one, and the results showed that there was no sig-
nificant difference between various groups. The awareness
rate with the Starlit Sky brand was 4.7%, so the virtual brand
had little influence on the result.

3.2.3. Results Analysis. The independent sample T-test was
carried out on two groups of data of emotional and rational
appeals. The results showed that the psychological owner-
ship of the emotional appeal group was significantly higher
than that of the rational appeal group (M emotional
appeal =3.47, M rational appeal=2.66, t=4.38, p <0.05).
Further, the participation willingness of the emotional ap-
peal group was significantly higher than that of the rational
appeal group (M emotional appeal=3.73, M rational
appeal=3.09, t=4.17, p<0.05). The relevant results sup-
ported the viewpoints of H1 and H2.

The psychological ownership was grouped by means (M
mean=3.11), and the data within one standard deviation
were removed. A T-value comparison was made on the
participation willingness. The results showed that there was a
significant difference between the willingness of the two
groups of customers to participate in innovation, t=6.35,
P <0.05, which supported the viewpoint of H3. The above
results also prove the interaction among advertising appeals,
psychological ownership, and participation willingness. A
bootstrap program was used to test the mediating effect of
insider identity perception [48]. The sample size was 5000.
At 95% confidence interval, the mediating test results of
psychological ownership did not include 0 (LLCI=0.14,
ULCI=0.46) and was significant, with the effect size being
0.32. After controlling psychological ownership, it was
observed that advertising appeal still had a significant effect
on participation willingness (f=0.17, p<0.05), and the
effect size decreased by 0.15, indicating that psychological
ownership played a partial mediating role, which supported
H4.
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TABLE 3: Main text contents of experimental materials (research 2).

Type Company-oriented information Consumer-oriented information
Emotional “Starlit Sky” sow the seeds of happiness for babies: sharing “Starlit Sky” invites babies to sow the seeds of happiness
appeals environmental protection, reading growth, and creating together: sharing environmental protection, reading growth,
PP infinite possibilities. and creating infinite possibilities.

. “Starlit Sky” builds a library around your babies. Provide “Starlit Sky” invites babies to build a library around them.
Rational . . . . . . .
appeals home delivery service, select carefully, and have rich sources Provide home delivery service, select carefully, and have rich

of books.

sources of books.

To further verify the moderating effect of expression, an
ANOVA analysis was carried out on psychological owner-
ship under different advertising appeals. The results showed
that the interaction between advertising appeals and ex-
pression was significant, F (2, 99) =5.28, p <0.05. When
advertising used emotional appeal, the score of psychological
ownership of the company-oriented information group was
significantly lower than that of the consumer-oriented in-
formation group (M emotional appeal—company-ori-
ented = 3.21; M emotional appeal—consumer-
oriented=4.12, F=3.71, p<0.05). When advertising used
rational appeal, the score of psychological ownership of the
company-oriented information group was significantly
lower than that of the consumer-oriented information group
(M rational appeal—company-oriented =3.89>M rational
appeal—consumer-oriented = 2.50, F=4.34, p<0.05). The
above data are shown in Table 4, which presented above
support H5.

From the experimental data, the relevant hypotheses
have also been verified in the field of shared products.
From the experimental process, there are still several
points worthy of attention. First, the consumption of
picture books is special. Although parents as decision
makers generally participate in the whole process when
purchasing picture books, it is still a product that sepa-
rates consumers from decision makers. In addition,
children occupy a special position in Chinese families. The
above characteristics may affect the judgment of the
subjects, and there may be a certain gap between the
participation willingness and the actual market. Second,
the mediating effect of psychological ownership may be
stronger. Compared with children, parents will have a
more rational view of consumption, which can better
separate the right to use and the right of possession.
However, from the perspective of children, the connection
with products will lead to stronger psychological own-
ership, and the mediating effect may be stronger. Third,
advertising is not the best way to promote the sharing of
picture books. Consumers are highly involved in the
products and services related to children’s education.
Advertising is more about information release. From the
influence of advertising design on participation willing-
ness, there is still some distance between attitude and
behavior. In comparison with advertising, the actual
market effect of personal promotion and word-of-mouth
communication will be more effective.

TABLE 4: Moderating of advertising information expression (re-
search 2).

Psychological ownership

Type

P Emotional appeals Rational appeals
Company-oriented 321 (24) 3.89 (25)
information
Consumer-oriented 412 (26) 2.50 (24)
information

4. Discussion

In terms of theoretical contribution, there are three main
points. First, the concepts related to the sharing economy are
further clarified. This study discusses collaborative con-
sumption close to the market, highlighting the essential
characteristics of the impact of a sharing economy on the
market. Second, it expands the research field of advertising
appeal. It is of certain theoretical value to extend the research
of advertising appeals to the field of collaborative con-
sumption. Third, it reveals the psychological mechanism of
consumers in sustainable consumption. The common sense
of sustainable consumption, especially in a sharing econ-
omy, generally thinks that the right to use is more important
than ownership, and the advantages of sustainable con-
sumption also come from the worship of the right to use.
However, as observed from the research, the right to use
cannot replace ownership. The recognition and involvement
of customers on collaborative consumption rely more on the
promotion of psychological ownership.

From the perspective of practical value, the first is that
collaborative consumption companies should pay attention
to the promotion of customer psychological ownership.
Companies can strengthen their connection with customers
on the aspects of consumption link design and customer
interaction to enhance customers’ recognition of companies.
The second is the choice of advertising appeals and infor-
mation of collaborative consumption companies. When
designing advertisements, companies should adopt more
emotional appeals to realize the combination of philosophy
and culture between customers and companies. Further-
more, companies should release more consumer-oriented
information, enhance consumers’ sense of participation, and
guide more consumers to choose company products or
services.
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5. Conclusions

Two experiments were conducted to demonstrate the hy-
potheses. It is believed that in the process of collaborative
consumption based on sustainable tourism consumption,
advertising appeals will affect participation willingness
through psychological ownership. At the same time, the
expression of advertising information will moderate the
relationship between advertising appeals and psychological
ownership.

Although this study discusses market phenomena and
theories, conducts experimental research with the back-
ground of tourism and picture books, and supports relevant
hypotheses, it still has some deficiencies in the research
process. The first is that the research did not take price into
account. As collaborative consumption is a new market
phenomenon, price is extremely important as the threshold
of consumption. Moreover, price may have a cross effect
with the advertising appeal, which is often referred to in the
market as “pay for the feelings.” The second is that the
research sample is still limited. There are many industries
involved in the sharing economy. This study only chooses
tourism and picture books in the analyses, and the exter-
nality of the research conclusion can still be further
strengthened. The third is that part of the mediating effect
shows that there may be other mediating factors between
advertising appeals and participation willingness, including
company positioning, brand impression, and more. Future
research can verify the research hypotheses with multiple
industries and diverse samples and explore the psychological
mechanism of consumer participation around collaborative
consumption.
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With the increase of tourist environment, the real-time monitoring of ecological environment has become a concern. This study
mainly discusses the application of cloud computing and Internet of things in the evaluation of ecological environment quality of
rural tourism areas in a smart city. In this study, the real-time monitoring of the atmosphere, water, and meteorological data is
collected through the GPRS data transmission module and then sent back to the local server by the GPRS network, and the
obtained non-real-time and real-time data are used to establish the ecological monitoring database, the database analysis of its
information, and get real-time data, monthly data, and longer cycle data. In the cloud GIS platform, there are multiple subnodes.
The split tasks can be processed by each subnode through a map, and the results after processing can be summarized through
reduce, which completes the implementation process of the whole idea of map reduce. Monitoring station management is mainly
to establish monitoring stations in rural tourism areas and collect first-hand environmental monitoring data by using tem-
perature, humidity, infrared, ultrasonic, and other sensors and cameras. The monitoring objects are the air quality, water quality,
meteorology, etc. of the scenic area, mainly showing the location of monitoring stations and the placement of sensors. At the same
time, an LED screen is set at the monitoring station to display the air quality data of the scenic spot. The data content is introduced
into the DPSIR model, combined with social and economic data; according to the ecological health grading evaluation standard,
the evaluation score and health grade are obtained and the ecological health status of rural tourism area is judged and evaluated.
When the amount of data is less than 500 MB, there is little difference between the storage speed of the cloud GIS platform and
single machine, but with the continuous increase of the amount of data, the storage speed of the cloud GIS platform is significantly
higher than that of a single machine. This study is helpful in improving the ecological environment quality of rural tourism areas.

1. Introduction

Foreign research on ecotourism and original ecotourism
mainly focus on how to achieve the purpose of natural
area protection in the process of ecotourism development
and the role of relevant factors and stakeholders in
achieving the common goal; domestic research is mainly
focused on the theory of the development planning and
management of the original ecotourism resources, and
there are also some results about the development mode of
the original ecotourism and the protection of ecological
vulnerability.

The Internet of things and cloud GIS is a spatial database
based on the unified geographical coordinates, which uses
the geoscience model to analyze the spatial data, manage and
analyze the environment, resources, and other spatial in-
formation, and provide a variety of spatial and dynamic
geographic information in real time. The GIS spatial analysis
system selectively collects and analyzes various kinds of
information, provides tourism resources spatial association
data for tourism development decision makers, and provides
support for tourism management decision making. This is
also one of the main purposes and tasks of establishing a
spatial analysis system based on cloud GIS.
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Mobile edge cloud computing is a new paradigm. Chen
W believes that mobile edge cloud computing (MECC) has
become an attractive solution for enhancing the computing
and storage capacity of mobile devices (MDs) by leveraging
the available resources at the edge of the network. He first
formulated the multiuser and multitask computing off-
loading problem for the green MECC and then used the
Lyapunov optimization method to determine the energy
harvesting strategy how much energy each WD needs to
collect and the task offloading schedule: a set of computing
to be accepted into the mobile edge cloud unloading request,
assigned to each WD group that has allowed the unloading
request, and how much workload is to be processed in the
assigned WD. His research put forward the concept of MD,
but did not briefly describe its performance [1]. Cloud
computing allows users to consume various IT resources on
demand and has low management overhead. Han et al.
believes that customers may face new security risks when
using cloud computing platforms. He chose to solve the
problem from different angles, by studying how to improve
the virtual machine allocation strategy, so that it is difficult
for the attacker to colocate with the target. Specifically, he
defined security indicators used to assess attacks, modeled
these indicators, and compared the difficulty of achieving
coexistence under three common policies and designed a
new strategy that not only mitigates the threat of attacks but
also meets the needs of work quantity balance and low power
consumption requirements. His research scheme is not
novel enough [2]. Chen et al. formulated the decision-
making problem of distributed computing offloading among
mobile device users. He analyzed the structural nature of the
game and proved that the game has limited improvements.
Then, he designed a distributed computing shunt algorithm.
The game theory method he adopted is unreasonable [3]. Xia
et al. researched the performance improvement of the
centralized cloud and integrated optical fiber wireless (FiWi)
access network supporting MEC. He proposed a novel
unified resource management solution that combines cen-
tralized cloud computing and MEC computing offloading
activities into the basic FiWi dynamic bandwidth allocation
process. By using time division multiple access, both MEC
and cloud traffic are arranged outside the transmission time
slot of FiWi traffic. He developed an analysis framework for
the data packet delay and response time efficiency of cloud
and broadband access traffic. The integrated optical fiber
wireless he proposed has no specific performance test in-
dicators and lacks logic [4].

This study mainly discusses the application of cloud
computing and Internet of things in the evaluation of
ecological environment quality of rural tourism areas in a
smart city. In this study, the real-time monitoring of the
atmosphere, water, and meteorological data is collected
through the GPRS data transmission module and then sent
back to the local server by the GPRS network, and the
obtained non-real-time and real-time data were to establish
the ecological monitoring database, the database analysis of
its information, and get real-time data, monthly data, and
longer cycle data. In the cloud GIS platform, there are
multiple subnodes. The split tasks can be processed by each
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subnode through a map, and the results after processing can
be summarized through reduce, which completes the
implementation process of the whole idea of map reduce.
Monitoring station management is mainly to establish
monitoring stations in rural tourism areas and collect first-
hand environmental monitoring data by using temperature,
humidity, infrared, ultrasonic, and other sensors and
cameras. The monitoring objects are the air quality, water
quality, meteorology, etc. of the scenic area, mainly showing
the location of monitoring stations and the placement of
Sensors.

2. Ecological Environment in Rural
Tourist Areas

2.1. Rural Tourism. Rural tourism is not only an ancient way
of tourism but also a trendy way of tourism for modern
urbanites. Rural tourism is an inevitable product in the
development of modern tourism [5, 6]. The countryside was
originally a conservative and relatively backward place with
conservative economic, political, and cultural traditions, but
now, it has become a situation that many urbanites yearn
and pursue, which undoubtedly makes people puzzled.
Modern society pursues nature and returns to the original.
As the most primitive, most natural, most harmonious, most
peaceful, and most charming place in society, the coun-
tryside is an ideal paradise for modern cities to escape the
noise, relieve work pressure, and relax themselves. Rural
tourism is popular nowadays. It has become one of the
hotspots studied by scholars at home and abroad. With the
continuous development of rural tourism, the main pop-
ulation of rural tourists has changed, and the source market
is constantly being refined [7].

m o, n 1 m n
min F(x, z) = Z 2 AiXizi + Z Z B;jx;iz; + Z ZZiF'

k=1 i=1 i=1 j=1 k=1i=1
(1)

In the equation given above, x and z are the corre-
sponding data management services [8, 9]. The original
tourism motives of rural tourists are expressed as the pursuit
and enjoyment of the natural environment, return to nature,
and enjoy the body and mind, and their environmental
motives are the main tourism motives. However, as the
development of rural tourism deepens, their tourism mo-
tives have also changed, showing diversity and uniqueness,
not only pursuing the enjoyment of nature but also paying
more attention to rural culture, experiential activities, and
participatory activities outside the natural environment. The
rural tourism market is also growing, the types of tourists are
more diverse, and the needs are more diverse, which has also
become an important content of practical and theoretical
research [10]. For the overclocked carrier f, let the trans-
mission phase be ®; then,

G(t) =[cos(2nfot + ¢,) + A] - cos(2nf .t + ¢.),
R(t) =[cos(mfot +§,) + Al - cos(mf .t +¢,).

Here, ¢, = ¢, + f.- 74 [11, 12].

(2)
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2.2. Ecological Environment Quality. Ecological environ-
mental quality evaluation not only provides a scientific
quantitative basis for environmental management and de-
cision making but also has important practical significance
for regional sustainable development strategic decision
making [13]. The objects of ecoenvironmental quality
evaluation are mainly concentrated in countries, provinces,
cities, and even specific areas. The evaluation methods used
are also relatively diverse, mainly including the analytic
hierarchy process, comprehensive index method, fuzzy
evaluation method, principal component method, gray
evaluation method, artificial neural network evaluation
method, and other methods, and establish corresponding
ecological environment evaluation according to the differ-
ence of evaluation objects system, such as the regional
ecological environment quality evaluation system of prov-
inces, cities, and ecologically fragile zones [14, 15].
Let ® = 2nnf,/f,) + ¢, have [16]

u= [cos(Zﬂ}lsfo + ¢S) + A] . cos(—znj’:fc),

y= [cos(%+ qﬁ,) + A] . cos(Z?fc + ¢d).

Among them, f is the sampling frequency [17]. Eco-
logical quality evaluation is to select a certain evaluation
index system and quality standard within a certain space and
time range and use certain methods to evaluate the pros and
cons of the ecological environment quality of a certain area
and the influence relationship between various factors. The
rural tourist area is a specific area, which is different from a
large area such as a province or a country, but as an in-
dependent subsystem, its own system is complete, and there
is also a certain relationship between factors. The method
and theory of ecological environment quality evaluation
should also be applicable [18, 19].

The choice of ecological environment quality evaluation
indicators differs greatly due to the different research angles
and research purposes. From the perspective of tourists, it
focuses on the evaluation of ecological environmental fac-
tors that have a greater impact on tourists™ sight, hearing,
touch, and other senses. The United Nations integrated the
advantages of the PSR model and the DSR model and
proposed the DPSIR model for comprehensive analysis and
description of environmental issues and their relationship
with social development. The DPSIR concept is based on the
extension of the PSR model and the DSR model. Social
factors such as society and population act as drivers to
promote or affect the ecological environment [20]. Average
relative precipitation utilization efliciency, RUE, is

RUE, - RUE
RUE = —L —2° (4)
RUE,
Maximum relative precipitation utilization efficiency:
RUE._ - RUE — RUE, -
max RUEO .
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RUE, is the minimum value of maximum precipitation
utilization efficiency [21]. Organic matter content H is an
important indicator for calculating soil parameters:

~ 2.6
" Bl+B2+B3

Here, B1 is the reflectivity of red light [22].

1.6. (6)

2.3. Cloud GIS. Compared with cloud computing, the key
technologies of cloud GIS implementation are mainly re-
flected in a “spatial” feature. It needs to consider more fully
the spatial problems on the basis of cloud computing
implementation, such as distributed storage, access, and
processing of spatial data, study how to combine this spatial
feature of GIS with the coding mode of cloud computing,
and realize the seamless link between the them [23].
According to the requirements of the optimal allocation of
system resources, the following functions are implemented:

k(t) = ZPinv
i=1

R, =E " [a1ps + aypp + a3 po].

Among them, p; is the value of big data asset F [24]. Let G
be the point set of the real 3D model and R be the test point
set of the model obtained by the reconstruction algorithm:

(7)

T :I;’lelcr;lly—Gl. (8)

The precision of the reconstructed point set y is defined
as the cumulative result of all points [25].

P(D) = Yler <D (9)

reR
For any real three-dimensional point, g € G:

E=min|g 7| (10)

The recall rate of the reconstructed model R for a given
distance threshold d is defined as

1
W(d) =— X.
(d) Gl ggc (11)

The construction of the cloud computing environment is
the basis for the construction of the entire cloud GIS
platform, including software and hardware environments
such as network, storage, and virtualization. By using basic
hardware facilities, virtualization software is used to build a
server virtualization environment, and then, database
software is deployed on virtual machines and GIS server
software cluster environment [26]. The value of k after it-
eration is recorded as P, and the prediction function is as

follows:
W (C, P) = \W?*(C) + B*(C). (12)

In terms of popularization and civilianization, private
cloud will provide the public with more public information
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online services, such as transportation, catering, renting, and
tourism. With the support of an efficient and stable archi-
tecture, cloud GIS will break the original “professional
circle,” bring more value-added services related to spatial
information to the public, and bring users who wish to build
their own GIS application platform to achieve a revolution in
GIS itself. Sexual changes continue to expand the market and
serve the masses [27, 28].

Arc GIS Online is an important part of the Arc GIS series
products. It can be seamlessly integrated with other products
in the series. Other series products can fully use various
service resources in Arc GIS Online to complete their own
operations. At the same time, they can use Arc GIS Online to
interact with other products. The function of the product is
expanded. In the cloud platform, users can not only use data
but also the cloud platform provides computing power that
is incomparable to ordinary stand-alone computers. Dis-
tributed computing and parallel computing are used to
greatly increase the speed of data processing and accelerate
the progress of scientific research.

3. Evaluation Experiment of Ecological
Environment Quality in a Rural Tourism Area

3.1. Ecological Monitoring System in Rural Tourist Areas.
This research collects the ecological environmental factors of
rural tourist areas, including air quality, temperature, hu-
midity, negative oxygen ion concentration, sulfur dioxide
concentration in the tourist area, and weather information.
We used various sensors such as temperature, humidity,
infrared, ultrasound, and cameras to collect first-hand en-
vironmental monitoring data, design the ecological envi-
ronment monitoring system of rural tourist areas, and
transmit various indicator data back to the system for
analysis and processing. Superimposed on dynamic moni-
toring data, each monitoring point can display the moni-
toring data of this place and the monitoring data of a period
of time in the past, realizing all-weather, all-round 24 h real-
time dynamic monitoring of multiple controlled areas. We
provide visual management for relevant departments to take
timely response strategies and control measures.

3.2. Overall System Design. The ecological environment
monitoring system of the rural tourist area is shown in
Figure 1. It obtains its own rural social and economic in-
dicator data, as well as ecological environment (water
quality, air quality, and meteorological) data, and auto-
matically collects, processes, integrates, displays, and queries
statistics; the quasi-real-time monitoring of the atmosphere,
water, weather, and remote sensing images based on real-
time monitoring is the original data; the real-time moni-
toring of the atmosphere, water, and weather data is col-
lected through the GPRS data transmission module and then
transmitted back to the local server through the GPRS
network. An ecological monitoring database with real-time
data is established. The database analyzes its information to
obtain real-time data, monthly data, and longer-period data.
According to the ecological health classification evaluation

37

criteria, to obtain evaluation scores and health levels and
judge and evaluate the ecological health status of rural
tourism areas, in the cloud GIS platform, there are multiple
subnodes. The split tasks can be handed over to each sub-
node for processing through a map, and the results after
processing are aggregated through reduce, which will greatly
improve efficiency. The execution process of the whole idea
of map reduce is completed.

3.3. Cloud GIS Platform. Cloud computing mainly provides
three service modes, namely, software and service, platform-
as-a-service, and infrastructure-as-a-service. GIS is put into
the cloud to build the cloud GIS platform. The original
interface, module, and other aspects need to be changed in
order to connect with the existing cloud computing plat-
form. Cloud GIS can be constructed in the following four
ways: geographic information content as a service, geo-
graphic information software-as-a service, geographic in-
formation  platform-as-a-service, = and  geographic
information infrastructure-as-a-service.

3.4. Database Design. The purpose of the database design is
to collect and integrate the complex information of rural
tourist areas, store and efficiently manage the data of eco-
logical environment factors in rural tourist areas, and es-
tablish an ecological monitoring database. Due to the large
amount of monitoring data and fast update, it requires
strong data access and interaction capabilities. The daily
record of real-time monitoring data needs to be extracted
and processed by the GPRS data transmission equipment to
be displayed in the data management and display, and the
ecological environment monitoring database is used to read
the data. The ecological monitoring system database is
designed with a process-oriented data update function, and
the platform can automatically record and release the
temporal information of the data according to the data
update situation. Data analysis can read database data,
generate statistical reports, display chart, etc. Among them,
the database structure includes two types of tables: the first
type is user management tables, back-end management log
tables, etc.; the second type is monitoring data tables, which
are mainly basic data, collector tables and equipment tables
for non-real-time and real-time data, and the control in-
struction list.

3.5. Functional Module Design. The main functions of the
rural ecological environment monitoring system include
platform management, monitoring station management,
equipment management, data management, data analysis,
and data expression. The functional module design is as
follows.

3.5.1. Platform Management. Platform management in-
cludes user, security, and platform management. It is mainly
to create users, add and delete user name information such
as passwords and names, and perform security management
such as user management in the background of the platform,
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setting user permissions, setting administrator status, plat-
form setting operation log records, internal and external
network management, and other security management.

3.5.2. Monitoring Station Management. Monitoring station
management is mainly to establish monitoring stations in
rural tourist areas. The monitoring objects are the air quality,
water quality, and weather of the scenic area and mainly
display the location of the monitoring station and the
placement of sensors. At the same time, LED screens are set
up at the monitoring sites to display air quality data in the
scenic area.

3.5.3. Equipment Management. Equipment management is
the use of equipment management for each monitoring data.
It is mainly to realize the functions of adding equipment,
deleting equipment, viewing equipment configuration,
uploading equipment configuration information, down-
loading equipment information, and modifying equipment
parameters, mainly modifying equipment table, serial port
channel, geographic location information, administrative
district number and project, etc.

3.5.4. Data Management. The data management function is
the three modules of data collection, data processing, and
data backup. It uses the GPRS data transmission equipment
to obtain data, performs data preprocessing, and uses
software to write to the local server, establish an ecological
monitoring database, and obtain real-time monitoring data
from the local server. Unified and integrated management of
various service data resources is used to ensure the con-
sistency of data resources. The ecological monitoring system
constructs monitoring data, attribute data, site data, and
thematic data for seamless splicing and integrated man-
agement. At the same time, the data are backed up regularly.
The platform can do a level-one incremental backup once a
week and a full-database backup once a month.

3.5.5. Data Analysis. Data analysis includes three modules:
query and retrieval, statistical analysis, and model analysis.
Non-real-time socioeconomic index data, remote sensing
data, and real-time monitoring data are queried and re-
trieved. Statistical analysis is to count monthly or longer
cycle monitoring data, display in the form of charts, and use
the data to predict the ecological status and pressure of rural
tourism areas. Model analysis is to bring the social and
economic data and annual monitoring data into the DPSIR
model, calculate the evaluation results of the model, and
determine the health status and health level of rural tourism
areas.

3.5.6. Data Expression. Data expression includes thematic
information display, comprehensive information display,
and electronic map display. The data expression can satisfy
all kinds of users’ browsing and query of the monitoring data
of rural tourist areas involving basic operating functions
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(roaming, zooming, ranging, etc.), statistical charts of social
and economic data and real-time monitoring data in rural
tourism areas, uploading and downloading remote sensing
data in rural tourism areas, and monitoring the dynamic
changes of the ecological environment in rural tourism
areas, such as monitoring lakes’ amount of water level
change displayed on the air quality LED screen in rural
scenic spots. The electronic map interactively displays the air
quality, negative oxygen ion content, PM2.5 value, and
meteorological information (including wind direction, hu-
midity, and temperature) of each scenic spot. The air quality
data are shown in Table 1.

4. Results and Discussion

According to the principle of selection of ecological envi-
ronment quality evaluation indicators, the indicators are
divided into three levels: target level (A), support level (B),
and index level (C). Among them, the target layer (A) is the
ecological environment quality (A) and the support layer (B)
is divided into the natural environment (B1), the social
environment (B2), and the human environment (B3). The
ecological environmental indicators of rural tourist areas are
shown in Table 2.

Understanding the characteristics of the market seg-
mentation of rural tourism tourists is an important content
of studying rural tourism ecological environment evaluation
and the main basis for formulating rural tourism marketing
strategies. We selected time points when the passenger flow
is relatively large during the Spring Festival, Golden Week,
weekends, etc. and conducted a random survey of local or
out-of-town tourists visiting the scenic spot. The informa-
tion of local or foreign tourists is shown in Table 3.

Regarding gender characteristics, the ratio of males to
females in this survey is 1:1.2, with the majority of female
tourists and fewer males; age characteristics: the frequency of
selection for the 19-25 age group accounts for 24.4% of the
sample, for the 26-40 age group, the segment is 36.3%, and
for the 41-60 age group, it is 19.4%. The total selection
frequency of the 19-60 age group accounts for 80.1% of the
sample, indicating that the age group of tourists is mainly
concentrated between 19 and 60 years of age. The specific
comparison of each age group is shown in Figure 2.

The characteristics of education level: the proportion of
junior high school to undergraduate level is 89.4%. Most
tourists have middle-school and high-school education, and
there are fewer tourists with other education levels. The
comparison of the proportions of different education levels
is shown in Figure 3.

Household monthly income characteristics: income
segments above 2501-8001 Yuan accounted for 99.3% of the
sample, of which the 4001-6500 Yuan segment reached up to
34.3%. The proportion of each household’s monthly income
segment is shown in Figure 4.

In the design of the questionnaire, “excellent=5" and
“extremely poor=1" were used to evaluate the ecological
environment quality. Therefore, the closer the mean is to “5,”
the better the quality is, and the closer the mean is to “1,” the
poorer the quality status is, the smaller the standard
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FiGure 1: Ecological environment monitoring system in rural tourist areas.

TaBLE 1: Air quality data.

Substance Numerical value Unit
SO, 10 mg/m’
NO, 50 mg/m’
Particulates 9 mg/m’
Pressure -20 Pa
0, 15 %
Temperature 37 °C
Flow 9940 m’/h

TaBLE 2: Ecoenvironmental indicators of rural tourism areas.

Natural environment (B1)

Ecological environment quality (A)

Humanistic environment (B3)

Social environment (B2)

Water quality (C1)
Air quality (C2)
Climate comfort (C3)

Resident warmth and friendliness (C6) (C3)
Location and traffic conditions (C7) (C3)
Accommodation conditions (C8)
Local public security environment (C11)
Local characteristic culture (C12)
Resource cultural connotation (C13)

deviation is, and the more consistent the evaluation of
tourists is. The specific evaluation is shown in Table 4.

It can be seen from Table 4 that tourists have the best
evaluation of the quality of the natural environment (B1), the
quality of the social environment (B2) is good, and the
quality of the human environment (B3) is not good. Judging
by the standard deviation, the standard deviations of the
three are relatively close, indicating that tourists” evaluation
of the quality of these three aspects is relatively consistent.
Therefore, it is determined that, in terms of the quality of the
ecological environment in rural tourism areas, the natural
environment is the best, the social environment is better, and
the human environment is not good. The ranking of the
quality of the three is shown in Figure 5.

The descriptive statistical analysis of the quality of 9
indicators of the ecological environment is shown in Table 5.

It can be seen from Table 5 that tourists have the best
quality evaluations of air quality (C2) and climate comfort
(C3); environmental noise (C4) and green area (C5) are

evaluated by tourists; for water quality (Cl), tourism re-
ception infrastructure (C9), and other factors, the evaluation
of tourists is average, of which the water quality (C1) and
tourism reception infrastructure (C9) are less satisfactory;
the residents’ warmth and friendliness (C6) is not well
evaluated by tourists. The four factors, traffic conditions (C7)
and accommodation conditions (C8), are the worst evalu-
ated by tourists. Among them, the evaluation of accom-
modation conditions is the worst. The ranking of the average
quality scores of some indicators is shown in Figure 6.
The comprehensive evaluation of the ecological envi-
ronment quality of rural tourist areas involves the weight of
each indicator and the actual score of the indicator.
Therefore, the total score of ecological environmental quality
is set as 100 points, and the theoretical score of ecological
environmental quality (100) = the theoretical score of natural
environment (36.5) + the theoretical score of social envi-
ronment (31.7) + the theoretical score of humanistic envi-
ronment (31.8), theoretical score of the
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TaBLE 3: Information for local or foreign tourists.

Influencing factors Basic tourist information Frequency Proportion (%)
Male 88 55
Gender Female 72 45
Less than or equal to 18 22 13.8
19-25 39 24.4
Age 26-40 58 36.2
41-60 31 19.4
61 or more 10 6.2
Education level Elementary school and below 10 6.2

Junior high school 25 15.6
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FIGure 2: Comparison of the specific share of each age group.
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Figure 3: Comparison of the share of each degree of education.

indicator = weight = total score, the weight of the indicator =~ evaluation of ecological environment quality is shown in
is determined by the important average value of each in-  Table 6.

dicator, and the theoretical score and weight of each indi- The importance-performance score of the index-level
cator can be calculated by analogy. The comprehensive  index is shown in Table 7.
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FIGURE 4: Proportion of each household’s monthly income segment.
TaBLE 4: Specific evaluation.
Index Minimum Max Average value Standard deviation
Natural environment (B1) 2 5 3.61 0.67
Social environment (B2) 2 5 3.44 0.63
Humanistic environment (B3) 1 5 3.40 0.60
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FiGure 5: The ranking of the quality of the three.
TaBLE 5: Descriptive statistics on the quality of 9 indicators of the ecological environment.
Index Average value Standard deviation

Water quality (C1)

Air quality (C2)

Climate comfort (C3)

Environmental noise (C4)

Green area (C5)

Resident warmth and friendliness (C6)
Location and traffic conditions (C7)
Accommodation conditions (C8)
Tourist reception infrastructure (C9)

3.47 0.64
3.68 0.63
3.81 0.60
3.58 0.61
3.56 0.62
3.33 0.62
3.28 0.64
3.23 0.62
3.42 0.69

The performance of the cloud GIS platform is shown in
Figure 7. Regardless of whether it is based on a stand-alone
or cloud GIS platform, the amount of data stored in the

database is always linearly correlated with the storage time;
that is, with the increase or decrease of the amount of stored
data, the storage time will increase or decrease accordingly:
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FIGURE 6: The ranking of the average size of the quality scores of some indicators.

TaBLE 6: Comprehensive evaluation of ecological environment quality.

Index Mean importance Weights Index
Water quality (C1)
Natural environment (B1) 36.5 4.7 0.365 Air quality (C2)
Climate comfort (C3)

Resident warmth and friendliness (C6)

Social environment (B2) 31.7 4.1 0.317 Location and traffic conditions (C7)
Accommodation conditions (C8)

Humanistic environment (B3) 31.8 42 0.318 Local public security environment (C11)

Resource cultural connotation (C12)

TaBLE 7: Importance of indicators at the index-level performance score.

Factor

Importance average

Performance average

Water quality (C1)

Air quality (C2)

Climate comfort (C3)

Environmental noise (C4)

Green area (C5)

Resident warmth and friendliness (C6)

4.68 3.47
4.71 3.68
4.25 3.81
4.16 3.58
4.34 3.56
3.99 3.33

when the amount of data is small (100 MB Below), the
storage time of the cloud GIS platform and the stand-alone
machine is not much different, and the storage time of the
stand-alone machine is even shorter. However, as the
amount of data increases, the time spent on a single machine
is significantly longer than that of the cloud GIS platform,
and this advantage of the cloud GIS platform continues to
deepen. By analyzing the comparison chart of image storage
speed (MB/S) based on a single machine and the cloud GIS
platform, it can be found that there is a linear positive
correlation between the storage data volume and storage
speed based on cloud GIS platform; that is, as the amount of

data increases, storage speed is also increasing. On the other
hand, there is a positive correlation and then a negative
correlation between the data volume and the speed of the
storage based on a single machine. The inflection point
occurs when the data volume is 300 MB; when the data
volume is less than 500 MB, the cloud GIS platform and the
storage speed of a single machine are not much different, and
even the storage speed of a single machine was higher than
that of the cloud GIS platform. However, as the amount of
data continues to increase, the storage speed of the cloud GIS
platform is significantly higher than the speed of a single
machine, and this advantage continues to expand.
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Comparison of the storage time of image data of Jizi stand-alone and cloud GIS platform
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Figure 7: Cloud GIS platform performance.

5. Conclusions

The development of tourism is inseparable from the envi-
ronment, so we must pay attention to the quality of tourism
environment closely related to tourism. Only by establishing
a good relationship with the tourism environment can the
tourism industry walk out of a harmonious and low energy
consumption development mode. This study mainly dis-
cusses the application of cloud computing and Internet of
things technology in the evaluation of ecological environ-
ment quality of rural tourism areas in a smart city. In this
study, the real-time monitoring of the atmosphere, water,
and meteorological data is collected through the GPRS data
transmission module and then sent back to the local server
by the GPRS network; the obtained non-real-time and real-
time data are used to establish the ecological monitoring
database, the database analysis of its information, and get
real-time data, monthly data, and longer cycle data. In the
cloud GIS platform, there are multiple subnodes. The split
tasks can be processed by each subnode through a map, and
the results after processing can be summarized through
reduce, which completes the implementation process of the
whole idea of map reduce. In the future work, we should
include the working environment into the environmental
assessment standards, apply 3S technology to the environ-
mental monitoring of scenic spots, reasonably plan the
ecotourism, and ensure the protection of the tourism
environment.
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At present, there are problems in the construction of the tourism public service system such as poor coordination and coor-
dination among various departments, lack of resource integration mechanism, and low level of information of tourism public
services. Therefore, by analysing the problems existing in the tourism public service system in the context of smart cities, this paper
puts forward strategies to optimize the tourism public service system. First, we build a smart tourism public service system
platform for overall development and optimize the tourism public service platform. Secondly, by focusing on the behaviour of
tourists, we construct a big data analysis and management system for the behaviour of smart tourism tourists. Finally, for the
traffic situation in the process of tourism, a smart traffic line network based on pheromone ant colony is constructed. The results of
the questionnaire survey on tourists show that the optimized public service system platform has achieved great satisfaction.

1. Introduction

China’s tourism industry is undergoing a rapid transition
from the period of mass travel to individual travellers.
With the in-depth development of the tourism industry,
individual tourists will gradually become the main body of
the tourism consumer market [1, 2]. The rise of the in-
dividual consumer market has changed the relationship
between traditional tourism demand and supply. Tourists’
demand for tourism information is increasing, especially
the demand for tourism public service systems. The de-
velopment of information technology, the integration of
information technology, and tourism, especially the
construction of smart city system, provides a more sys-
tematic, more convenient, intelligent, and humanization
of ideas and means to solve the visitors access and ap-
plication of public service. It has laid a solid foundation
for the basis of tourism public service system construction
under the background of intelligent city. In addition, it
further promotes the construction of urban tourism
public service system [3, 4].

Smart tourism is to use the Internet to allow tourists to
interact with the scenic area in real time, making the in-
formation of the scenic area more transparent and the travel
schedule more personalized [5, 6]. Tourist attractions in-
tegrate tourism resources and tailor tourism products for
tourists. With the help of terminal Internet access devices,
tourists can arrange and adjust travel plans at any time, to
achieve intelligent perception and convenient use of various
types of travel information. There are relatively many foreign
studies on the behaviour of tourists using public tourism
services, including the search behaviour of tourists “infor-
mation, tourists” demand preference, and satisfaction with
services. Their research results are mainly concentrated on
the process of obtaining and using tourist information re-
search. San et al. [7] distinguished domestic and foreign
tourists and studied the importance and cultural differences
of services of tourist destination information. Ahmadima-
nesh et al. [8] emphasized the public information supply in
the tourism management of government marketing decision
support system. Li et al. [9] expounded the construction of
the service system of destination tourism information from
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the perspectives of organizational structure and economic
structure, information and data sources, quality control, and
technology application. Wu et al. [10] introduced the
tourism information service system, including trans-
portation, climate, and other information services. Zhang
et al. [11] introduced in detail the types, contents, and
functions of free information provided by the US tourist
information centre. They believed that the free travel in-
formation in the United States is rich in content, focusing on
information updates, emphasizing the timeliness of infor-
mation, the accuracy of maps, and copyright attributes. Zhu
et al. [12] understood the concept of public tourism in-
formation service as a general term for tourism information
services, such as information consultation and tourism in-
formation distribution, provided by government depart-
ments, public institutions, social organizations, and other
organizations to tourists and the public at the destination. In
order to meet the needs of tourists for tourism basic in-
formation, tourism product promotion information, tour-
ism safety information, public environment, and other
related information services, Li et al. [13] developed and
processed information products and delivered them to
tourists in a convenient way. Tan et al. [14] proposed the
construction of a modern tourism information consulting
service system with urban tourism information consulting
service centre as the core, with various functions such as
tourism orientation, consulting services, publicity and
promotion, market research, image communication, and
tourism shopping. Zhou et al. [15] proposed a public service
system of tourism information from the four systems of
tourism public information platform system, display system
of tourism information, service system of tourism trans-
portation, and consultation system of tourism information
from the perspective of smart tourism.

Various aspects, such as the development level and
technical level, restrict the public tourism service and
application environment of the tourism industry, and the
construction is relatively low. Therefore, its research will
usually be based on the status quo and deficiencies and
have some general recommendations. Ruan et al. [16]
pointed out the problems existing in the tourism-con-
sulting service centre through field visits and put forward
corresponding constructive opinions from the aspects of
institution construction, operation mode, service content,
and development trend. Shen et al. [17] emphasized that
tourism public information is the basis of tourism public
services and believed that the government and enterprises
should speed up the construction of the tourism public
information service system, improve the online service
system based on the tourism information website, and
base on the tourism-consulting centre. The service win-
dow and audio service system cantered on the tourism
service hotline make it a perfect public service system of
tourism information covering different people and fields.
Alfred et al. [18] developed a kind of information service
function traditionally provided by tour operators and tour
guides through research. Shigematsu et al. [19] discussed
the construction and application of intelligent trans-
portation systems from the perspective of improving the
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traffic flow at tourist destinations. Based on the value of
global positioning services and web-driven technological
innovation, Montealegre et al. [20] have studied the forms
that influence the creation, exchange, and evaluation of
tourism information, which will promote the formation of
more convenient tourism models. Mehraliyev et al. [21]
proposed a framework model of smart tourism that guides
visitors to a convenient experience.

By analysing the problems in the tourism public service
system under the background of smart city, this paper puts
forward the countermeasures to optimize the tourism public
service system. Specifically, it includes the construction of a
smart public tourism service system for overall development,
a big data analysis and management system for smart tourist
visitor behaviour, and a public transportation service system
for smart transportation. Finally, through a questionnaire
survey of tourists, it is concluded that tourists have a higher
evaluation of the optimized public service system than
unoptimized.

The rest of this paper is organized as follows: Section 2
analyses related concepts and technologies of smart cities
and smart tourism. Section 3 proposes strategies for opti-
mizing the tourism public service system in the context of
smart cities. Section 4 verifies this article through a ques-
tionnaire survey the effectiveness of the optimization
strategy. Section 5 summarizes the full text and points out
future research direction.

2. Smart City and Smart Tourism

2.1. Smart City. A smart city uses a new generation of
information technology to manage the operation of the
city in an integrated and systematic manner, allowing the
various functions of the city to operate in harmony with
each other, providing high-quality development space for
enterprises in the city, and providing citizens with a
higher quality of life. The city has become an all-round
development city suitable for people. Smart cities need
smarter city planning and management, more reasonable
and adequate resource allocation, and urban environ-
mental protection in place, can provide more job op-
portunities, have emergency response capabilities for
emergencies, and have sustainable development capabil-
ities. Smart city is not only a brand-new urban devel-
opment concept, but also a new way of development,
operation, and management. It uses cloud computing,
mobile Internet, Internet of Things, artificial intelligence
technology, data mining technology, and information
processing technology as basic platforms. With the help of
smart phones, smart computers, and other terminal fa-
cilities to collect and mine information, analyse, and
organize real-time transmission. As shown in Figure 1, it
is a smart city application. After real-time application to
enhance the autonomy, intelligence, and interactivity of
information collection, consumption decision, product
purchase, arrival in the city, and all tangible or intangible
processes arrive in the city, the ultimate goal of the smart
city is to meet differentiation service makes it enjoy an
impressive experience [22].
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FIGURE 1: Smart city applications.

According to the summary of the development of smart
cities at home and abroad, smart cities can be roughly di-
vided into five types [23]:

(1) Industry-driven: it refers to an urban development
path that takes high-tech information technology
industry as the guidance and forms an intelligent
industrial chain or industrial cluster as the core
driving force.

(2) Innovation-driven: the innovation-driven path re-
fers to the application of emerging information and
network technologies, and the innovation system as
the core, including smart city innovation subjects,
innovation infrastructure construction, innovation
talent system, and innovation resource environment.

(3) Sustainable development: the sustainable develop-
ment path refers to the starting point of environ-
mental protection and sustainable development of
resources, to form intelligent management of envi-
ronmental resources and to be rational, efficient, and
reusable, and to create a sustainable development of
environmental resource system and urban devel-
opment path.

(4) Management service-driven: the management ser-
vice-driven path refers to the use of technological
means to upgrade, optimize, etc., to enhance public

management service capabilities, making the city’s
public management functions more efficient, intel-
ligent, precise, and convenient.

(5) Multiobjective development: the multiobjective de-
velopment path refers to a development path formed
by comprehensively considering factors such as the
intelligent upgrading of industries, the improvement
of public management services, the improvement of
residents’ lives, and the sustainable use of resources
and environment during the construction of a smart
city.

In addition, smart cities have the following character-
istics [24]. First, the support of smart cities is the Internet,
Internet of Things, mobile Internet, smart terminals, and
other high technologies. Second, the basic purpose of smart
cities is to provide information services to governments, city
management departments, and city operators. Finally, the
fundamental purpose of a smart city is to meet people’s basic
needs.

2.2. Tourism Public Service System. Tourism public service
refers to the timely delivery of processed and developed
information products to relevant tourists in a convenient
way to meet the needs of tourists for basic information,
product information, safety information, public
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environment, and other related information services of
tourist destinations [25, 26].

Tourism public information service is the core part of the
construction of the tourism public service system, which
realizes the connection between tourism suppliers and
tourism demanders, prompts potential tourists into real
consumers, and can effectively enhance the tourist experi-
ence of tourists and improve tourist satisfaction, and im-
proving services at tourist destinations are conducive to the
development of the tourism industry.

Tourism public service quality is whether the public
information services such as tourism products, information
consultation, tourism orientation, product ordering, pro-
motion, complaint and rescue, and security transportation
are provided by the destination tourism-related institutions
and enterprises through the tourism public information
service platform or other facilities [3].

The essence of smart tourism refers to the application of
smart technologies, including communication technology,
in the tourism industry, with the goal of enhancing tourism
services, improving tourism experience, innovating tourism
management, optimizing the use of tourism resources,
enhancing the competitiveness of tourism enterprises, and
improving tourism modernization project of industry
management level and expansion of industry scale.

It can be seen from this that the development of smart
tourism will inevitably place higher demands on the con-
struction of tourism public information services. Tourism
public information service is the foundation of the devel-
opment of smart tourism, the booster for the upgrading and
transformation of the tourism industry, the support for the
improvement of the level of tourism services, and the reliable
guarantee for the harmonious development of regional
tourism. The overall framework of the public service system
for smart tourism is as shown in Figure 2.

2.3. Problems in Tourism Public Service System in the Context
of Smart City. As the tourist spots scattered in the city are far
apart, the service facilities that should be provided are not
complete. For example, in the guidance system of tourist
traffic, there are a small number of tourist attractions signs,
guide maps of tourist traffic, traffic guidance signs, etc., and
the standards are not uniform. Poor play, poor food, and
poor accommodation have led to tourists visiting mostly for
one-day or half-day trips. The bottom line is that under the
current management system, various government depart-
ments cannot form synergy and lack unified planning and
coordination, cannot effectively integrate tourism elements,
have difficulty coordinating large industries, and cannot
coordinate overall advancement of the tourism industry.
According to the survey, the online information service
level of the tourism public information service platform is
very low, the information update speed is slow, and the
content coverage is insufficient. The lack of an electronic
tour guide system has affected the access of tourists to in-
formation on attractions, tourist routes, and public facilities.
The distribution of tourism-consulting service points is
unreasonable and limited in number. The lack of
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popularization of tourist call centres has led to unblocked
channels for tourists to defend their rights. Although it has a
dedicated tourism, official websites work with many travel
e-commerce companies (OTA). However, the official
tourism website mainly focuses on the maintenance of
tourism government information, and the actual travel in-
formation available to tourists is very small. In addition,
there is a single type of cooperative OTA product. Moreover,
mainly based on the sale of scenic spot tickets, leading to the
diversified immediate needs of tourists is difficult to meet.
This situation shows that the intelligence of travel consulting
services needs to be improved.

At present, although tourism information centres have
been set up in railway stations and most scenic spots, few
tourists come to consult and the overall function is not
perfect. Although the scenic area has a rest area in the visitor
centre, it provides convenient tools such as baby carriages,
wheelchairs, umbrellas, etc. and is specially equipped with
barrier-free facilities and passages. However, there are many
thresholds and steps in various scenic spots, the existing
barrier-free passages are not smooth, and it is not convenient
for special people to travel. There are too few rest facilities on
the key roads in the scenic area. There is a lack of financial
service facilities such as ATMs at the tourist hub. These
circumstances illustrate the asymmetric supply of tourist
public services and tourist demand. The reason for the
problem is that the main supply department does not un-
derstand the real needs of tourists and lacks effective public
participation channels. As a result, some tourism public
service facilities are idle or in short supply, and it is difficult
to achieve optimal disposal of resources.

3. The Optimization Strategy of Tourism Public
Service System under the Background of
Smart City

3.1. Building a Smart Tourism Public Service System for Overall
Development. At present, the development of most tourism
public services is not integrated with the construction of
public services in the entire city. Therefore, taking the smart
city construction as an opportunity, in the process of smart
city construction, we will strengthen the special planning
research in a targeted manner and incorporate the con-
struction of the tourism public service system into the future
economic and social development work planning and de-
ployment. It is necessary to create a unified mechanism and
open platform for the unified organization and coordination
of various tourism-related departments in order to sort out
and build a smart tourism public service system that can be
developed as a whole. In this paper, the content of the
tourism public service system is improved from the aspect of
tourism transportation services. The specific design is shown
in Figure 3.

As shown in Figure 3, according to the status and ob-
jectives of the construction of a public tourism service
system, a unified tourism public service system platform is
built using smart city construction as a carrier to form a
unified service interface, authority management, user
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management, and data management. Taking basic data of
the tourism information system as resources, it integrates
online service hall, self-service system, telephone consulta-
tion system, and grassroots management information sys-
tem to build a multiform, multichannel, multilevel, and
comprehensive public service platform. The platform calls
the data resources through the service bus and finally realizes
the service call, and it realizes data synchronization and
business collaboration.

3.2. Construction of Big Data Analysis and Management
System for Tourist Behaviour. Modern information tech-
nology is developing rapidly, and the Internet era has ar-
rived. It has brought new challenges to all occupations and
has spawned new formats. The tourism industry will also
accelerate the integration and development of information
technology and accelerate the transformation from tradi-
tional service industry to modern service industry.

In the Internet age, tourists’ travel behaviour and ways of
obtaining information are changing. Only after studying the
needs of tourists, they can know what the government is
going to do and what the enterprises are going to do.
According to the statistical survey on the development of the
Internet in China, as of June 2013, mobile phone netizens
accounted for 78.5% of the total netizens. Relevant data
reports show that 89% of Chinese tourists will obtain in-
formation through online media in the next year. This shows
that the Internet has become the main channel for tourists to
obtain information. In response to the problems of asym-
metric public service supply and demand and low resource
utilization, in the process of smart city construction, special
seminars and public opinion surveys were conducted to
timely grasp and understand the demand for local public
residents and foreign tourists for tourism public services and
establish participation mechanism. Information feedback is
used as a reference basis for construction to achieve a
balance between the supply and demand of tourism public
services, thereby creating a system of benefiting the people
and sharing convenience between hosts and guests.

As shown in Figure 4, the analysis of tourists’ behaviour
patterns can be divided into three stages, namely, before,
during, and after the trip. The predeparture stage is a stage
where tourists make consultations and make choices. This
stage is mainly marketing for government enterprises, and
smart tourism marketing is here. In the past, tourists’ food,
accommodation, travel, shopping, and entertainment were
all done through travel agencies. Now, with the prevalence of
Internet and free travel, many of them are realized through
the Internet and mobile clients. This stage is the most im-
portant stage of smart tourism, that is, smart service. In the
“post-travel” stage, tourists’ sharing of travel experiences
and complaints and so on must be realized through the
Internet, and smart tourism must play a certain role.

3.3. Constructing a Smart Public Transportation Public Service
System. The bus to the scenic spot in the city has low
accessibility, lack of public bicycle rental points, few car
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rental companies, and no consideration of the needs of
tourists. The location and distribution of parking lots in
transportation infrastructure is unreasonable, and road
conditions are congested. Traveling by tourists requires
more time and energy, which is not conducive to im-
proving the overall quality of life. The construction of
intelligent transportation refers to the introduction of
information technology into the traffic construction pro-
cess, thereby reducing the phenomenon of vehicle con-
gestion and saving the cost of travel time for tourists.
Throughout the evolution of domestic and foreign urban
transportation, the increase in private cars is the main
reason for the traffic problem. By building transportation
facilities with stronger bearing capacity and larger capacity,
the urban transportation mode is gradually changed to
meet public travel needs. The results of the survey are
shown in Table 1. The percentage of tourists choosing
public transportation is 0.282, the percentage of tourists
choosing electric vehicles is 0.093, the selection of private
vehicles is 0.215, the selection of taxis is 0.311, and the
selection of bicycles is 0.064. The choice for hiking is 0.035.

Road traffic routes have relatively long waiting times for
passengers due to peak commuting times. Various mobile
terminal public transportation inquiry systems have been
opened. However, due to the lack of an intuitive image, the
average number of people currently using the query system
is only more than 30,000 people per day. Obviously, the
usage rate is still low. Although the city has many main
roads, the lack of expressways and branch roads is the main
reason for frequent traffic jams and traffic safety accidents on
the city’s main roads. The significance of constructing in-
telligent transportation facilities is to help tourists under-
stand the traffic situation in advance and adjust the travel
routes in time, which can effectively reduce the time cost of
travel for tourists.

The optimization problem of the urban transportation
network is a classic optimization problem.

Let variable m be the number of ant colonies, and 7, (1)
represents the amount of information remaining on the i to j
line at time t. At the initial moment, the amount of infor-
mation on each path is equal. During the movement of ant k
according to the amount of information on each path, we
determine the city to be transferred next. Variable pffj (1)
means that ant k is transferred from position i to probability
of j:

[ O] [, 0]
P50 = ) I 0]

j € allowek,, s € allowek,,

0, otherwise.
(1)

As time goes by, the pheromone left on the path will
gradually disappear. The parameter p is used to indicate the
degree of pheromone disappearance. After time n, the ant
completes a cycle, and the pheromone on each path should
be adjusted according to the following formula:
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FIGURE 4: Supply-demand relationship diagram based on tourist travel behaviour.

TaBLE 1: Travel methods for tourists.

Travel mode Number Proportion
Bus 141 0.282
Taxi 156 0.311
Private car 124 0.215
Electric car 35 0.093
Bicycle 26 0.064
Walk 14 0.035
Tij(t +n) = PTij (t) + AT,
m . (2)

Aty =) ’

i=1

The variable A7 represents the pheromone increment left
on the path by all the ants that have gone through the path i
to j in this cycle:

9, The k — thant goes through path I in this cycle,

Ari]- k

0, otherwise.

(3)

Among them, the variable Q is a constant. The variable
L, represents the length of the path taken by the k-th ant in
this cycle.

Due to the noncontinuous nature of the design of the
transportation network, it is difficult to obtain an accurate

solution to this type of combinatorial optimization
problem. In this paper, the ant colony algorithm with
decreasing pheromone is used to optimize the bus net-
work problem. Now, suppose that there are 6 road points
Al, A2, A3, A4, A5, and A6, and the connectivity of each
road point is shown in Figure 5. Among them, the distance
between A6 and A3 is two, the distance between A6 and
A4 is two, the distance between A5 and A3 is one, and the
distance between A5 and A4 is one. Obviously, the dis-
tance from the road point A3 through the road point A5 to
the road point A4 is smaller than the distance from the
road point A6 to the road point A4. For an ant colony
system with equal time intervals, it is assumed that 60 ants
are placed in the ant colony system. Each ant has the same
walking speed. At the same time, the concentration of
pheromone released per unit time is one. For the 30 ants
placed at road point A3 and road point A4, let them start
at the same time and each ant chooses the walking path
randomly. Suppose that 15 ants chose the A6 route to
reach A4, and 15 ants chose the A5 route to reach A4.
Since the distance of the A3-A5-A4 route is smaller than
that of the A3-A6-A4, the ants who choose the A3-A5-A4
route in the same time interval arrive earlier and the
pheromone concentration of the route is greater. In the
case of a given waypoint, ants in the ant colony system
prefer to keep the path with thicker pheromone when
choosing the forward route, and the path with more
pheromone means shorter “distance.”

Based on the above principle, the ant colony system can
find the shortest path in the road network through random
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FIGURE 5: Schematic diagram of path selection.

search. The main point of the new pheromone update
method is to strengthen the first half of the pheromone
update range and reduce the second half of the pheromone
update range during a cruise. In addition, the influence of a
certain proportion of paths on the successor ants can re-
duce the nonoptimal search results of the predecessor ants
and achieve the purpose of improving the quality of the
offspring ants.

4. Test Experiments

4.1. Questionnaire Survey and Evaluation Criteria Design.
Experts and scholars at home and abroad have conducted
research on the related content and system construction of
tourism public information service research. On the basis of
comprehensive consideration of the principles of science,
applicability, and operability, we have constructed 4 stan-
dard layers, namely, tourism network information services,
tourism information consulting services, tourism logo
translation services, and tourism information publicity
services. They can be divided into 10 factors and 22 eval-
uation indicators, as shown in Table 2.

Using Likert’s five-point scale method, tourists are given
satisfaction based on a total of 5 points. The higher the score
is, the higher the satisfaction is. The 22 questionnaires in the
evaluation system are used as the object of tourist satis-
faction evaluation to design questionnaires. Questionnaires
were randomly distributed, 400 were returned, and 336 valid
questionnaires and the questionnaire validity rate were 84%.
The age groups of tourists interviewed are mainly young,

middle-aged, and urban residents. The education level is
mainly university. The types of occupations are mainly
students, enterprise management personnel and profes-
sional/cultural, educational, and scientific personnel. The
age level, education level, living environment, and occu-
pation type of the interviewees determine their certain
contact and understanding of tourism activities and infor-
mation technology, which is beneficial to the objectivity and
reliability of the data collected in this survey. The types of
tourist sources are diverse, and the gender ratio is balanced,
which is conducive to the authenticity of the survey data.
It can be seen from Figure 6(a) that the travel methods of
the interviewed tourists are mainly self-service and only
2.44% of the ways to participate in tour groups. It can be seen
that the “free travel” travel mode has become the main travel
method for domestic tourists. The construction of tourism
information plays an extremely important role in “free
travel” travel activities. The real-time acquisition and update
of tourist information brings convenience to “free travel”
tourists. On the other hand, the satisfaction evaluation of
“free travel” tourists can also most directly reflect the
construction and operation level of a city tourism public
information service system. In the “understanding channels”
option in Figure 6(b), local tourists mainly learn about the
city’s tourism information through other channels, online
media, introductions by relatives and friends, and TV ad-
vertisements. Foreign tourists mainly obtain city informa-
tion through the introduction of relatives and friends, other
online media, and other channels. The above data show that
with the advent of the information age, the promotion of
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TaBLE 2: Evaluation model of the urban tourism public service system.

City tourism public information service system

Criterion

Factor layer

Travel information (C1)
Tourism e-commerce (C2)
Travel mobile information (C3)

Tourism network
information service

Website information of tourism administration website
Tourism enterprise portal public welfare information
Mobile phone and tablet network information push

L. . Tourist infa ion facili 4
Tourism information ourist information facility (C4)

consulting service S .
& Tourism information platform

(C5)

Tourist information service centre (C41), tourist information kiosk (C42),
tourist information touch inquiry machine (C43), and tourist map guide
information service (C44)

Tourism service telephone (C51), telephone inquiries (C52), mobile
message prompt and information (C53), and other auxiliary hotlines (C54)

City tourism logo interpretation

Interpretation of tourist service (C6)

Traffic guidance sign (C61), tourist reception facility sign (C62), urban
environment information (C63), and public facility symbol system (C64)

signs Tourist attraction logo

interpretation service (C7)

Scenic traffic guidance sign (C71), scenic reception facility sign (C72),
scenic electronic display screen (C73), and self-guided tour service (C74)

Promote product (C8)
Propaganda media (C9)
Tourism public information
service (C10)

Tourism information
promotion service

Paper brochure and map
Radio, television, newspaper, and magazine media

Traffic conditions, weather information, parking information, and medical

information
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FIGURE 6: Characteristic analysis of tourist travel behaviour: (a) way of travel; (b) understanding channels.

cities through online media has become the main channel,
but the high proportion of introductions by relatives and
friends reflects to a certain extent the gap between the charm
of the city itself and its promotional efforts. The means of
information, its strength, and the degree of expansion still
need to be strengthened.

4.2. Tourists' Evaluation of the Optimized Public Service
Platform. Compare the scores of local tourists and foreign
tourists horizontally, as shown in Figure 7. The scores of 22
indicators of local tourists are higher than that of foreign
tourists, excluding subjective factors. The main reason is that
local tourists live in the area for a long time, and they are
familiar with the city’s tourism information model and
carrier. The time and space of exposure to tourism infor-
mation services and carriers are limited, so the perception

and evaluation value are relatively low. This also shows to a
certain extent that the construction of Ningbo’s tourism
public information service system is mainly based on a static
model. The dynamic and active tourism information push
and service model still need to be strengthened. At present, it
does not effectively serve the free travel information col-
lection of foreign tourists. Among the evaluation values of
foreign tourists, the five items with the lowest scores are
tourist information kiosks, mobile text message prompts and
information, mobile network information push, and tour-
ism-consulting service centre. This also demonstrates the
existence of the above problems to a certain extent.
Among the 22 indicators, the top five items with the
highest evaluation values are traffic guidance signs (C61),
scenic traffic guidance signs (C71), scenic reception fa-
cilities signs (C72), public facility symbol system (C64),
and tourist reception facilities signs (C62). The top five
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items with the lowest ratings are tourist information kiosk
(C42), tourist information touch (C43), query all-in-one
machine and tourist consultation service centre (C41),
self-guided tour service (C74), and mobile SMS prompt
and information consultation (C53). It can be seen that
the relative score of tourism identification services is
relatively high. Both urban public tourism service iden-
tification and scenic tourism identification construction
are relatively mature, allowing tourists to obtain infor-
mation in a timely manner. Information service of
tourism identification is the most basic part of the tourism
public information service system. However, the scores on
the construction of tourism-consulting services and
consulting platforms, the interpretation of tourist at-
tractions, and the push of tourist information are rela-
tively low, indicating that the most core and most
informative features in the public tourism information
service system reflect the intelligence of information
technology. The tourism-consulting service still needs to
be improved.

4.3. Performance Test of Tourism Public Service Platform.
In this paper, we use pressure tools to simulate real-world
concurrent requests from the client to the application server

and compare the performance of the application server
before and after optimization. The main indicators for
evaluating server performance are the 10 click rate and the
corresponding response times.

It can be seen from Figure 8 that in the first 10 s, since the
number of clicks is not very large, there is not much dif-
ference before and after optimization. After 20s, as the
number of clicks increases and the number of concurrent
increases, the server before optimization is gradually unable
to process requests quickly. Although the number of re-
sponses increases, the growth trend is not as fast as that of
the optimized server.

It can be seen from the analysis in Figure 8 that when the
server load is small, the performance of the server is not
significantly improved before and after optimization.
Moreover, when there are many clicks, the performance of
the server will be improved by about 20%.

4.4. Analysis of the Optimization Performance of Urban
Transportation Network. In the optimization algorithm
proposed in this paper, ants randomly select cities before
each departure. This paper compares the ant colony algo-
rithm with the algorithm proposed in this paper. Each al-
gorithm is run 50 times, each run is iterated 1000 times, and
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the best 20 sets of solutions are taken as samples. Among
them, the average time is the average value of the average
time to find the best solution in each run. Figure 9(a) shows a
comparison result of the convergence characteristics of
different algorithms. It can be seen that compared with the
ant colony algorithm, the convergence of the algorithm in
this paper is faster. From the experimental results of several

sets of data given, the solution of the algorithm in this paper
is better than that of the ant colony algorithm. In addition,
from the perspective of computing time, the computing time
of the algorithm in this paper is significantly shortened.
Figure 9(b) gives the solution diversity diagram, which
shows that the solution diversity has been very good, has a
strong search ability, can obtain the global optimal solution,



56

is not easy to fall into the local optimal, and has good
stability.

5. Conclusion

At present, there are problems in the construction of tourism
public service system under the background of smart city,
such as poor coordination among various departments, lack
of resource integration mechanism, and low level of in-
formation of tourism public services. Using new technol-
ogies such as cloud computing and the Internet of Things,
with the help of portable terminal Internet access devices,
people can understand the information in time, arrange and
adjust work and travel plans in time, and optimize the
current public service system. Therefore, in this paper, first,
we build a smart development public tourism service
platform and optimize the tourism public service platform.
Secondly, by focusing on the behaviour of tourists, construct
a big data analysis and management system for the be-
haviour of smart tourism tourists. Finally, for the traffic
situation in the process of tourism, a smart traffic line
network based on the algorithm of pheromone ant colony is
constructed. The results of the questionnaire survey on
tourists show that the optimized public service system
platform has achieved great satisfaction.
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Tourist values determine the behavior of tourists. To pinpoint the behaviors and preferences of tourists, it is necessary to explore
their value orientation and intergenerational differences. The exploration is of great significance to the activation of tourism in
traditional villages. After analyzing the value of tourists to two traditional villages (Hongcun and Xidi), this paper investigated the
value preferences and intergenerational differences of tourists of four generations to traditional villages, using means-end chain
(MEC) theory and hard laddering. Through a questionnaire survey on tourists born in the 1960s, 1970s, 1980s, and 1990s, the
authors established 36 MEC value chains of 18 classes. The results show that the post-60s traditional village tourists are a
generation of wisdom-loving learners, who prefer the values of wisdom and self-improvement; the post-70s and 80s tourists are a
generation of beauty lovers with a strong sense of belonging, who prefer the values of beautiful world, inner harmony, and sense of
belonging; the post-90s tourists are a generation of inclusive advocators of diversity, with no special value preference. These results
provide theoretical support and practical enlightenment for the market segmentation of traditional village tourism and the

protection and activation of traditional villages.

1. Introduction

Traditional villages are the basic units of rural China and
the living fossils of traditional culture [1]. In June 2019, the
Chinese Ministry of Housing and Urban-Rural Devel-
opment, in association with other departments, released
the fifth batch of Chinese traditional villages. In total,
6,819 traditional villages are being protected in China. The
main protective method is to activate tourism to these
villages [2]. The ancient village tourism and rural tourism
are an important means to activate and protect traditional
villages [3]. Driven by the boom of domestic tourism, the
purpose of traditional village tourism has shifted from
sightseeing to both sightseeing and vacation. Thanks to
unique regional cultures, improving infrastructure, better
public services, and new business products, traditional
villages are attracting more and more tourists of different
generations.

At present, fruitful results have been achieved on the
description of the behavior features of tourists to traditional
villages. However, there is a lack of in-depth research on the
intergenerational differences of tourists. The Travel Industry
Association of America (TIA) considered intergenerational
analysis as the most common and effective approach for
dividing the population and segmenting the market. Tourists
of different generations vary significantly in behavior features
and preferences [4]. A good understanding of the intergen-
erational differences in tourist behaviors helps to mine the
deep-seated inducers of their tourism behaviors and prefer-
ences [5]. On this basis, it is possible to accurately predict the
value preferences of tourists of different generations [6] and
segment the market to provide products and services tailored
to their needs, thereby promoting the sustainable develop-
ment of traditional village tourism. The tourists’ pursuit of
value is the fundamental determinant of their travel behaviors
[7]. Therefore, this paper analyzes the values of tourists of
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different generations to traditional villages through hard
laddering, a technique of means-end chain (MEC), and tries
to disclose the value preferences and intergenerational dif-
ferences between traditional village tourists.

2. Literature Review

2.1. Traditional Village Tourism. The development of tra-
ditional villages as travel destinations is always accompanied
by the game between core stakeholders, dormant stake-
holders, and marginal stakeholders. There are differences
and interconnections between these stakeholders [8]. Cul-
ture and environment are their common focuses [9]. The
government plays a decisive role in the development of
traditional village tourism [10], which suffers the greatest
impact from community and residents [11]. Being the
owners of traditional villages, the residents determine how
well the tourism of these villages develops with their sat-
isfaction, support, and active participation [12-17]. There-
fore, the active involvement of the community can promote
the sustainable development of tourism in traditional vil-
lages [18, 19], enhance community capacity [20], spur
community development [21, 22], and underpin the good
interaction between community and tourism. Hence, the
development of traditional village tourism is not only a
game, but also the symbiosis of multiple stakeholders.

Symmetrical reciprocity and integrated symbiosis are the
optimization objectives of the symbiosis systems for traditional
villages [23, 24], such as the “community partic-
ipation + enterprise operation” model of stakeholders [25], the
typical model of valley economy in mountainous regions [26],
the diversified mixed effect model of market game [27], and
the synchronized/asynchronized “urbanization + community
participation + protection zone” model [28].

During the game and symbiosis of stakeholders in the
development of traditional village tourism, the space of
traditional villages is evolving into two social spaces, namely,
tourist area and resident area, with the continued growth of
tourist immigrants and tourists. Some traditional villages
have developed into small towns [10], creating new ethnic
cultures [29]. In this process, the spatial social order has also
been reorganized: the niche space of community populations
is replaced by tourist populations, which occupy the core
area of traditional villages [30]. Driven by tourism interests,
the tertiary industry-centered land urbanization has taken
place around some traditional villages. The population is
dominated by residents and tourism practitioners. Under
the influence of outside cultures, the original residents of
traditional villages are increasingly urbanized and mod-
ernized [31], and the rural culture is shifting from traditional
farming culture to modern culture [32].

In the development of traditional village tourism, culture
is the soul and resources are the body [33]. The tourism
resources of traditional villages include the local environment,
village shape, human landscape, and local culture [34-37],
which embody the history, culture, and artistic value of
traditional villages [38]. This precious heritage wins the favor
of tourists. With the emerging demand from niche markets of
tourism, new businesses spring up in the tourism industry.
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For example, the sketching tourism, research tourism, sports
tourism, and gourmet tourism in traditional villages are very
popular among tourists [39, 40]. Being the subjects of tra-
ditional village tourism, tourists attach the greatest impor-
tance to the authenticity of architecture and cultural relics
[41, 42], and their primary travel motives are experiencing
traditional culture, sightseeing, and family trips [43-46]. The
existing studies on the niche markets of tourism in traditional
villages mostly discuss the consumption behaviors of overseas
tourists, female tourists, and sketching tourists [47-49], as
well as the trend and seasonal variation of tourism demand
[50]. However, there is not yet any discovery about the niche
markets, value preferences, or intergenerational differences of
traditional village tourists of different generations.

2.2. Theory of Generations. Based on anthropology, Man-
nheim [51] proposed the theory of generations, which holds
that people born in the same period have the same position
in the historical process of social development and form
common values, thinking patterns, and behavioral features,
as they experience the same major external events. The
theory of generations is composed of three progressive
concepts: the site of generation, the realistic sense of gen-
eration, and the intrageneration division. This theory has
been further verified, extended, and improved by many
scholars [52-54], who found that different generations differ
markedly; the intrageneration values are relatively stable and
directly affect future behaviors and attitudes [55]; intra-
generational personalities and features are predictable [6].

Foreign researchers have relied on the theory of gen-
erations for empirical analysis of tourist preferences for
consumption behaviors and intergenerational differences.
Most of them tackled the behaviors and preferences of
tourists in two or three generations [6, 56-63]. In recent
years, researchers from countries and regions like South
Korea, the United States, and Taiwan have explored the
intergenerational differences in the travel behaviors of strait
tourists from Chinese mainland [4]. Nevertheless, the re-
search results are not necessarily valid, because the re-
searchers adopted the division rules for foreign generations
and did not know much about the situation in Chinese
mainland. In China, the studies on the generational be-
haviors of domestic tourism consumers mainly deal with the
behavior differences between tourists born in the 1980s and
1990s [64, 65]; the differences in the impression of desti-
nations between the tourism consumers born in the 1950s,
1960s, and 1970s [66]; and the description of the behavior
differences between tourism consumers across generations
[5, 67], female tourism consumers [68], domestic tourism
consumers in scenic spots [69], and tourists searching for
tourism information [70]. However, the sample sizes are
relatively small, without many samples on the national scale.

3. Research Design

This paper designs a questionnaire survey based on hard
laddering. All the questions were extracted from the liter-
ature and in-depth interviews (Table 1). In 2019, the authors
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TaBLE 1: The As, Cs, and Vs of traditional village tourists born in the 1960s, 1970s, 1980s, and 1990s.

Attributes (As)

Consequences (Cs) Values (Vs)

Al, ancient architecture

A2, water system of traditional village
A3, local delicacies

A4, environment of traditional village
A5, local traditional culture

A6, engravings/couplets

A7, lifestyle of residents

A8, family tours

A9, native products

A10, layout of traditional village

All, natural landscape around traditional village

C1, culinary experience
C2, harmony between man and nature
C3, gaining experience
C4, ecological protection
C5, spirit of workmanship
C6, wisdom of the ancients
C7, cultural experience and inheritance
C8, picturesque landscape
C9, escaping from reality

V1, inner harmony
V2, satisfaction
V3, self-improvement
V4, sense of belonging
V5, wisdom
V6, sense of security
V7, beautiful world
V8, long-lasting life
V9, cleanness
C10, idyllic life V10, joy

Cl11, neatness —
C12, beauty —

C13, shopping experience
C14, novel experience
C15, lodging experience

— C16, photo taking and sharing —

The categories of “attribute, consequence, and value” are determined based on the first-hand data obtained from the soft-step progressive interview.

conducted a stratified sampling [71] on weijuan.com. Taking
generation, gender, and residence as control variables, the
questionnaire survey targets 60s, 70s, 80s, and 90s tourists
who had traveled to traditional villages in the previous 12
months. The occupation and education of the respondents
were also taken into account. A total of 642 questionnaires
were recovered, including 600 valid ones (Table 2).

The data analysis was carried out in four steps, as sug-
gested by Reynolds and Olson [72], Gong [73], Kim et al. [74],
and Richter and Bokelmann [75] for hard laddering. The
correlation between attribute (A) and consequence (C) was
obtained through questionnaire survey. The questionnaire is
divided into three layers to design questions. First, visitors are
asked to choose the attribute motivation of rural tourism, then
to choose the possible results caused by the attribute moti-
vation, and finally to choose the value motivation caused by
the results. In the questionnaire, there is a blank item after
each C; item, and the respondents are asked to fill in the result
caused by A; (multiple choices can be made), so as to establish
a connection. Firstly, the frequency of each attribute (A)
motive, consequence (C) motive, and value (V) motive was
counted, so it was with the number of consequence-value
connections. Secondly, the As, Cs, and Vs were tabulated, and
the frequency of A-C and C-V connections was quantified.
We counted the occurrence times of A; C;, and V; in the
questionnaire, respectively, to calculate the frequency.
According to the results of the questionnaire, the frequency of
the occurrence of A; was marked as N;, and then the number
of the results C; brought by A; (the data obtained from the
questionnaire) was counted and marked as ngj, so the
quantitative relationship between A; and C; could be
expressed as 1.j/Ny;. The quantitative relationship between C
and V was similar to this. Thirdly, the cut-off point for
analysis was determined based on the quantified data of A-C
and C-V connections. Finally, the data above the cut-off point
was plotted into a hierarchical value map (HVM) of MEC
value chains. Each row of the HVM was analyzed, revealing
the value preferences and intergenerational differences of
traditional village tourists.

4. Results

According to the survey data, two interconnected matrices
were set up for the A-C connections (Table 3) and C-V
connections (Table 4) selected by these respondents, and the
cut-off point of the analysis was set to 50% (any data greater
than or equal to 49.5% were treated as equal to 50%). The
data above the cut-off point of 50% were selected to build the
HVM, forming MEC value chains (A-C-V). In the HVM, the
connections between A, C, and V are shown in percentages,
reflecting the proportion of tourists to each connection [75].
The percentages help to determine the important Cs and Vs
[76]. According to the criteria of the 50% cutoff point, 75 or
more of the 150 questionnaires selected attribute motivation
to be marked, respectively, as follows: A4, traditional village
environment atmosphere (n=101/67.3%); A5, local tradi-
tional culture (n=96/64.0%, 64.0%); A3, local characteristic
food (n=95/63.3%, 63.3%) motivation; Al, attribute mo-
tivation of ancient building and B&B (n = 88/58.7%, 58.7%);
A10, pattern of traditional villages (1 ="76/50.7%, 50.7%).

4.1. MEC Value Chains of the Post-60s Traditional Village
Tourists. A total of 150 post-60s tourists were surveyed.
According to the survey data, two interconnected matrices
were set up for the A-C connections (Table 3) and C-V
connections (Table 4) selected by these respondents. The
number of A-C connections (Table 5) and C-V connections
(Table 6) being selected by the respondents was counted and
used to prepare the HVM for the MEC value chains (A-C-V)
of the post-60s tourists (Figure 1).

Based on 50% of the cut-off point to build hierarchical
value map (HVM), six MEC value chains have been formed,
including three attributes such as ancient building, local
traditional culture, and local characteristics food; four
consequences such as the wisdom of the ancients, spirit,
culture and heritage, and dining experience; and four values
such as wisdom, self-improvement, satisfaction, and
happiness.
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TaBLE 2: Demographic statistics of respondents in traditional villages (n = 600).

Population information Percentage
Male 52.0
Gender Female 48.0
Post-60s 25.0
Generation Post-70s 25.0
Post-80s 25.0
Post-90s 25.0
Junior high school 2.0
Education Senior high school or secondary technical/vocational school 19.0
Undergraduate college/junior college 75.0
Graduate school and above 4.0
Civil servant 5.8
Manager of enterprise/public institution 27.0
Staff member/worker 40.2
. Self-employed 11.2
Occupation Education/ research/clzlltzllral practitioner 9.3
Freelancer 4.0
Student L5
Others 1.0
TasLE 3: C motives of the post-60s traditional village tourists.
A-C Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All n
C1 — — 65 — — — — 2 18 — — 85
C2 19 15 — 15 16 3 — 3 — 24 23 118
C3 34 25 37 23 39 23 17 10 9 24 10 251
C4 15 31 10 40 19 11 15 3 7 26 28 205
C5 54 18 — 21 18 25 9 3 2 17 6 173
C6 55 22 15 24 35 18 12 2 1 21 7 212
C7 30 17 28 34 48 19 31 5 8 31 12 263
C8 22 32 — 36 20 — — 5 — 18 33 166
C9 11 11 — — 17 13 11 3 — — 7 73
Cl10 18 19 31 41 25 13 36 3 6 25 25 242
Cl1 16 13 23 30 17 13 18 3 5 9 13 160
C12 8 17 11 19 10 7 9 2 3 9 22 117
Cl13 — — 12 12 — — 8 3 22 — — 114
Cl14 14 10 17 19 24 8 17 2 12 13 153
C15 8 5 — 10 10 3 16 1 3 13 — 138
Cl16 9 4 17 14 10 4 6 1 8 18 100
n is the number of connections. Cj; is the amount of C; caused by A;.
TaBLE 4: V motives of the post-60s traditional village tourists.
C-v V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
Cl1 25 60 — — 9 10 — — — 41
C2 36 33 21 33 16 23 — 34 — 17
C3 22 52 58 30 46 27 42 24 — 23
C4 — — — 30 32 39 76 53 55 25
C5 21 39 53 24 57 — 39 27 — 10
C6 — 37 — 35 82 — — — — 30
C7 — — 75 57 62 33 — — — 41
C8 29 48 22 22 30 19 63 35 — 17
C9 26 26 — 28 — 29 — — — 17
C10 56 48 — 44 20 — 73 56 40 29
Cl1 — 42 — — — 33 — — 70 —
C12 28 28 — — — — 52 29 31 21
C13 11 32 — 19 — — — — 12 23
Cl4 20 47 — 15 28 23 27 16 — 25
C15 14 27 — 16 — 32 — — 18 11
Cl6 11 32 — — — — — — — 34
n 299 551 229 353 382 268 372 274 226 364

n shows the number of occurrences of C; to V.
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TaBLE 5: A-C connections of the post-60s traditional village tourists (cutoff point=50%).
A-C Al A3 A5
Cl — 65/95 (68.4%) —
C5 54/88 (61.4%) - -
C6 55/88 (62.5%) — —_
C7 — — 48/96 (50.6%)
Percentage = n/N, where N is the total number of respondents recognizing an A (A;) and 7 is the number of respondents agreeing that A (A;) can produce a C
(C).
TaBLE 6: C-V connections of the post-60s traditional village tourists (cutoff point =50%).
C-v V2 V3 V5 V10
Cl 60/75 (80.0%) — — 41/75 (54.7%)
C5 - 53/104 (51.0%) 57/104 (54.8%) -
c6 — — 82/103 (79.6%) —
C7 — 75/122 (61.5%) 62/12 (50.8%) —

Percentage = n/N, where N is the total number of respondents recognizing a C (C;) and # is the number of respondents agreeing that C (C;) can reflecta V (V).

Satisfaction

Values

Culinary Spirit of
experience workmanship

Consequences

Attibutes

Ancient
architecture

Self-improvement

Local delicacies

Wisdom of Cultural experience
the ancients and inheritance

Local traditional
culture

FIGURE 1: The HVM of the post-60s tourists to traditional villages (including correlated factors only) (cutoff point=50%).

According to relevant literature, 50% cut-off point is
used to construct HVM diagram, including two aspects: 1. If
the total number of respondents choosing A, C, or V is less
than 50% (i.e., 75 respondents), 50% is lower than the cut-off
point. 2. The proportion of association relationship in A-C
matriX, N¢j/Na;, is lower than 50%, and it is also lower than
50% of the cut-off point. The above two cases are not
identified in the HVM diagram, and only the association
relationship above 50% is listed in the HVM diagram to
improve the typicality of MEC chain. For example, only Al,
A3, A4, and A5 have more than 75 respondents selected for
attribute A, so other attributes are not marked in the HVM
diagram. The value of N¢;/N,; greater than 50% is C1 (A3-
C1), C5 (A1-C5), C6 (A1-C6), C7 (A5-C7). Other paths are
not marked.

The V of job comes from the pursuit of the post-60s
tourists for the A of local delicacies and the C of culinary
experience. In traditional Chinese culture, food is the par-
amount necessity of the people. Since the beginning of the
21st century, gourmet tourism has become the main travel

motive for tourists [77, 78]. Tourists perceive the culture of
destinations by experiencing food, which affects the travel
experience [79]. Through the culinary experience of enjoying
local delicacies, the post-60s tourists gain physical and
psychological Vs like joy and satisfaction (local delica-
cies—culinary experience—satisfaction).

HVM results show that the V of wisdom stems from the
pursuit of the post-60s tourists for spirit of workmanship,
wisdom of the ancients, and cultural experience and in-
heritance. For those born in the 1960s, the traditional culture
of rural tourism destinations can bring them cultural ex-
perience, and the ancient buildings can help them appreciate
the craftsman spirit and the wisdom of the ancients, which
are conducive to enhancing their cultural identity and ac-
quiring more knowledge. The post-60s tourists are nurtured
by traditional Chinese culture. Patriotism and heroism are
their typical values [80]. Our findings are consistent with the
literature. The nostalgic feelings encourage them to travel to
traditional villages. Traveling through the ancient archi-
tecture, the tourists perceive the wisdom of the ancients in
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planning and design and the spirit of workmanship ex-
emplified by the builders. Such an experience satisfies their
pursuit of the V of wisdom.

In addition, the post-80s tourists, like those born in the
1970s, realize the V of sense of belonging through the pursuit
of the A of local traditional culture and the C of cultural
experience, and inheritance exploration and learning are
important motives for tourists [81]. Apart from the spirit of
workmanship, the post-60s tourists learn the knowledge
about traditional culture and ancient architecture and
broaden their horizons [82-84]. In this way, they realize the
V of self-improvement.

4.2. MEC Value Chains of the Post-70s Traditional Village
Tourists. A total of 150 post-70s tourists were surveyed.
According to the survey data, two interconnected matrices
were set up for the A-C connections (Table 7) and C-V
connections (Table 8) selected by these respondents. The
number of A-C connections (Table 9) and C-V connections
(Table 10) being selected by the respondents was counted
and used to prepare the HVM for the MEC value chains (A-
C-V) of the post-70s tourists (Figure 2).

It can be observed that the post-70s tourists pursue five
As (ancient architecture, environment of traditional village,
natural landscape around traditional village, local traditional
culture, and local delicacies), six Cs (wisdom of the ancients,
ecological protection, idyllic life, picturesque landscape,
cultural experience and inheritance, and culinary experi-
ence), and seven Vs (wisdom, beautiful world, inner har-
mony, self-improvement, satisfaction, joy, and sense of
belonging), which constitute eleven MEC value chains.

Like the post-60s tourists, the post-70s tourists realize
the Vs of satisfaction and joy through the pursuit of the A of
local delicacies and the C of culinary experience.

The V of wisdom stems from the pursuit of the post-70s
tourists for the A of ancient architecture and the C of
wisdom of the ancients. Going through the reform and
opening-up, the post-70s tourists experienced the enroll-
ment expansion of colleges and employment. Through
diligent learning and hard work, these tourists achieved their
goals of work, income, and life [85]. As a result, they
generally believe in “knowledge can change your fate.”
Meanwhile, the post-70s tourists are deeply influenced by
traditional culture in society and family. Therefore, they pay
more attention to the V of wisdom embodied in ancient
architecture, during travel to traditional villages.

The V of self-improvement originates from the pursuit
of the post-70s tourists for the A of local traditional culture
and the C of cultural experience and inheritance. The
Chinese education advocates “reading ten thousand books
and traveling ten thousand miles.” Both reading and
traveling are important for human development. Traveling
can improve the capacity of the tourists [86] and sublimate
the inner motives to higher needs, thereby promoting
personal development [87]. The post-70s tourists believe
that, through traditional village tourism, they can fully and
deeply understand and recognize local traditional culture
and customs, acquire new knowledge, broaden their
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TaBLE 7: C motives of the post-70s traditional village tourists.

A-C Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All =n

cT — — 8 — — — — 6 25 — — 120
c2 24 27 — 26 19 9 — 2 — 27 34 168
C3 31 17 34 19 48 9 22 4 13 17 14 228
C4 22 29 18 54 24 6 13 3 5 20 39 233
Cs 38 15 — 14 20 21 7 2 6 29 6 158
C6 50 23 16 22 35 23 19 3 8 31 11 241
C7 23 16 18 30 63 11 27 4 8 24 17 241
c8 15 23 — 40 18 — — 2 12 58 168
C9 7 10 — — 13 5 5 1 — — 10 051
C10 19 30 34 50 28 3 34 4 14 22 44 282
ci1 11 15 11 25 6 4 8 3 1 12 17 113
ci12 8 17 9 19 10 9 6 1 5 10 26 120
cl13 — — 13 6 — — 1 1 28 — — 49
Cl4 15 13 29 12 29 4 26 5 12 16 8 169
Cl5 8 6 — 13 9 — 29 — 6 8 — 79
Cl6 10 11 23 15 15 2 7 1 14 13 21 132

n is the number of connections.

TaBLE 8: V motives of the post-70s traditional village tourists.

C-V VI V2 V3 V4 V5 V6 V7 V8 V9 VIO

C1 34 78 — — 17 16 — — — 56
C2 65 35 33 3 28 25 — 35 — 26
C3 33 49 69 29 37 17 37 20 — 26
C4 - — — 33 33 40 8 46 56 32
C5 23 27 48 23 58 — 31 30 — 16
C6 — 4 - 36 86 - - — — 32
C7 - — 74 61 57 288 — — — 42
C8 46 29 22 26 11 16 87 41 — 33
C9 2111 — 16 — 13 — - — 13
cio 61 37 — 45 21 — 67 45 33 41
cr — 34 - - - 27 — — 5 —
ci2 3 23 — — — — 51 27 27 28
c1i3 17 25 — 10 — - — — 8 24
Cl4 36 53 — 32 23 23 24 20 — 40
ci5 21 28 — 24 — 22 — — 27 18
cit6 15 49 — — — - — — — 46

n 403 519 246 370 371 227 383 264 201 473

n is the number of connections.

horizons, and gain experience. In other words, travel to
traditional villages both enriches their lives and increases
their knowledge [82-84], thus helping them realize the V of
self-improvement. At the same time, the post-70s tourists
have a higher spiritual demand for traditional culture [88].
They personally feel the importance of inheriting local
traditional culture to the development of the Chinese
culture. This feeling results in the confidence in their
culture, and a strong sense of belonging (local traditional
culture—cultural experience and inheritance—sense of
belonging).

The V of beautiful world derives from the post-70s
tourists’ pursuit of the As of environment of traditional
village and natural landscape around traditional village and
the Cs of ecological protection, idyllic life, and picturesque
landscape. In traditional Chinese culture, nature is the
source of human life, and tourism bridges human and nature
[89]. Besides, traditional Chinese philosophy emphasizes
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TaBLE 9: A-C connections of the post-70s traditional village tourists (cutoff point=50%).
A-C Al A3 A4 A5 A9 All
C1 — 89/104 (85.6%) — — — —
C4 — — 54/94 (57.4%) — — —
C6 50/78 (64.1%) — — — — —
C7 — — — 63/107 (58.9%) — —
C8 — — — — — 58/87 (66.7%)
C10 — — 50/94 (53.2%) — — 44/87 (50.6%)
Percentage = n/N, where N is the total number of respondents recognizing an A (A;) and # is the number of respondents agreeing that A (A;) can produce a C
(C.
TaBLE 10: C-V connections of the post-70s traditional village tourists (cutoff point =50%).
C-V V1 V2 V3 V4 V5 V7 V10
C1 — 78/99 (78.8%) — — — — 56/99 (56.6%)
C4 — — — — — 86/116 (74.1%) —
C5 — — — — 58/101 (57.4%) — —
C6 — — — — 86/109 (78.9%) — —
Cc7 — — 74/118 (62.7%)  61/118 (51.7%) — — —
C8 — — — — — 87/103 (84.5%) —
C10  61/117 (52.1%) — — — — 67/117 (57.3%) —

Percentage = n/N, where N is the total number of respondents recognizing a C (C;) and # is the number of respondents agreeing that C (C;) can reflecta V (V).

Inner
harmony

Sense of

Values | belonging

| | Satisfaction | |

Self-
improvement

| | Beautiful word | | Wisdom | | Joy |

Culinary
experience

Culture experience

Consequence and inheritance

Picturesque
landscape

Wisdom of
ancients

Ecological

Idyllic life R
protection

Attributes Andient |

. Local delicacies
architecture

Local
traditional culture

Environment of
traditional village

Nature landscape
around traditional village

FIGURE 2: The HVM of the post-70s tourists to traditional villages (including correlated factors only) (cutoff point=50%).

that the harmony between human and nature, human and
society, and body and soul can promote spiritual cultivation
[90]. The environment, surrounding natural landscape, and
idyllic life of traditional villages reflect the philosophy of
ecological protection and produce a beautiful environment
with a picturesque landscape, which satisfies the apprecia-
tion and love of the post-70s tourists for human-nature
harmony and beautiful sceneries, as well as their pursuit of a
beautiful world [82, 83, 91, 92]. Traveling in such a pic-
turesque landscape helps to cultivate their spirits.

Most post-70s tourists live in cities. They long to tem-
porarily escape from the environment of daily life and work
[93]. The tranquil environment (environment of traditional
village—idyllic life—inner harmony) and natural landscape
(natural landscape around traditional village—idyllic

life—inner harmony) of traditional villages can relieve the
pressure of work and life [94] and ensure the harmony
between human and nature [95], realizing the V of inner
harmony.

4.3. MEC Value Chains of the Post-80s Traditional Village
Tourists. A total of 150 post-80s tourists were surveyed.
According to the survey data, two interconnected matrices
were set up for the A-C connections (Table 11) and C-V
connections (Table 12) selected by these respondents. The
number of A-C connections (Table 13) and C-V connections
(Table 14) being selected by the respondents was counted
and used to prepare the HVM for the MEC value chains (A-
C-V) of post-60s tourists (Figure 3).
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TaBLE 11: C motives of post-80s traditional village tourists.

A-C Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All n
C1 — — 93 — — — — 4 46 — — 143
C2 37 23 — 29 17 10 — 3 — 18 32 169
C3 31 21 29 25 47 14 16 5 13 25 23 249
C4 30 38 15 54 21 2 23 5 9 17 47 261
C5 51 14 — 15 14 11 8 2 10 23 7 155
Cé6 40 25 16 21 41 15 16 3 8 23 13 221
C7 38 26 25 29 75 19 23 9 21 22 16 303
C8 18 28 — 42 17 — — 5 — 14 49 173
C9 5 11 — — 11 — 6 3 — — 10 46
C10 21 27 31 57 24 4 42 6 16 18 40 286
Cl11 9 18 22 23 9 1 13 2 6 12 26 141
Cl12 15 20 16 27 11 2 10 4 5 8 36 154
C13 — — 23 4 — — 6 2 36 — — 71
Cl4 23 13 28 11 20 2 16 10 16 9 11 159
C15 21 10 — 24 20 3 26 3 7 15 — 129
Cl6 23 12 44 24 11 7 9 5 16 15 29 195
n is the number of connections.
TaBLE 12: V motives of post-80s traditional village tourists.

C-v V1 V2 V3 V4 V5 V6 V7 V8 V9 V1o
Cl1 31 90 — — 10 17 — — — 73
C2 60 25 29 41 19 20 — 31 — 36
C3 32 42 78 21 51 19 37 19 — 25
C4 — — — 34 22 37 85 53 53 30
C5 28 32 49 21 69 — 35 19 — 19
Co6 — 30 — 50 96 — — — — 30
C7 — — 83 66 69 40 — — — 38
C8 61 37 22 22 14 26 88 37 — 48
C9 14 17 — 16 — 19 — — — 15
C10 54 62 — 55 15 — 84 51 26 50
Cl1 — 33 — — — 37 — — 66 —
C12 38 27 — — — — 69 30 35 35
Cl13 8 43 — 9 — — — — 12 37
Cl4 21 51 — 20 27 23 35 21 — 43
C15 27 37 — 37 — 50 — — 31 32
Cl6 25 66 — — — — — — — 70
n 399 592 261 392 392 288 433 261 223 581
n is the number of connections.

TaBLE 13: A-C connections of post-80s traditional village tourists (cutoff point =50%).
A-C Al A2 A3 A4 A5 All
Cl1 — — 93/112 (83.0%) — — —
c4 — 38/76 (50.0%) - 54/102 (52.9%) - -
C5 51/93 (54.8%) - — — — —
C7 — — — — 75/113 (66.4%) —
c8 — — — — — 49/84 (58.3%)
C10 — — — 57/102 (55.9%) — —

Percentage = n/N, where N is the total number of respondents recognizing an A (A;) and 7 is the number of respondents agreeing that A (A;) can produce a C (C)).

It can be observed that the post-80s tourists pursue six As
(ancient architecture, local traditional culture, environment
of traditional village, natural landscape around traditional
village, water system of traditional village, and local deli-
cacies), six Cs (spirit of workmanship, cultural experience
and inheritance, ecological protection, idyllic life, pictur-
esque landscape, and culinary experience), and seven Vs

(wisdom, beautiful world, inner harmony, self-improve-
ment, satisfaction, joy, and sense of belonging), which
constitute seven MEC value chains.

Like the post-60s and post-70s tourists, the post-80s
tourists realize the Vs of satisfaction and joy through the
pursuit of the A of local delicacies and the C of culinary
experience.
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TaBLE 14: C-V connections of post-80s traditional village tourists (cutoff point =50%).

c-v V1 V2 V3 V4 V5 V7 V10
C1 — 90/103 (87.4%) — — — — 73/103 (70.9%)
c4 — — — — — 85/121 (70.2%) —
cs — — — — 69/107 (64.5%) — —
c7 — — 83/130 (63.8%)  66/130 (50.8%)  69/130 (53.1%) — —
C8  61/111 (55.0%) — — — — 88/111 (79.3%) —
C10 — 62/123 (50.4%) — — — 84/123 (68.3%) —

Percentage = n/N, where N is the total number of respondents recognizing a C (C;) and # is the number of respondents agreeing that C (C;) canreflecta V (V).

Beautiful

Sense of Satisfacti Self-
Values belonging atistaction improvement
Culture experience Picturesque Ecological
Consequence and inheritance landscape protection

Inner |

| | Joy | | Wisdom | | harmony

Culinary
experience

Spirit of
workmanship

Local traditional

Attributes
culture

Environment of
traditional village

Ancient
architecture

Nature landscape
around traditional village

Water system of
traditional village

| Local delicacies

FiGUure 3: The HVM of post-80s tourists to traditional villages (including correlated factors only) (cutoff point=50%).

The V of wisdom comes from the pursuit of the post-80s
tourists for the As of ancient architecture and local tradi-
tional culture and the Cs of spirit of workmanship and
cultural experience and inheritance. The post-80s tourists
have the same Vs as the post-60s and post-70s tourists but
differ from the latter in As and Cs.

The post-80s tourists achieved personal success through
hard work and diligent learning [96]. Like the post-70s
tourists, they believe that knowledge has the power to change
one’s fate and are deeply influenced by traditional culture.
During travel through traditional villages, the post-80s
tourists highlight the V of wisdom reflected by the spirit of
workmanship among the builders of ancient architecture
and perceive the V of wisdom of the ancestors of the Chinese
nation in the creation and inheritance of the traditional
culture.

In addition, the post-80s and post-70s tourists both
realize the value of “belonging” (V4) by pursuing the at-
tribute of “local traditional culture” (A5) and the result of
“cultural experience and inheritance” (C7). In other words,
the post-80s and post-70s tourists share the same MEC value
chain (A5—C7—V4). Similarly, tourists born in the 60s
and 70s have realized the value of “self-improvement” (V3)
by pursuing the attribute of “local traditional culture” (A5)
and the result of “cultural experience and inheritance” (C7).
The post-60s and post-70s share the same MEC value chain
(A5—C7—V3).

The V of beautiful world stems from the post-80s
tourists’ pursuit of the As of environment of traditional
village, natural landscape around traditional village, and
water system of traditional village, as well as the Cs of
ecological protection, idyllic life, and picturesque landscape.
In their views, the water system, environment, and sur-
rounding natural landscape of traditional villages, plus the
idyllic life of residents, protect the eco-environment and
nurture a beautiful environment with picturesque landscape,
providing them with the chance to realize the V of beautiful
world [82, 83, 91, 92]. Hence, the post-80s tourists can
cultivate their spirit by traveling to traditional villages.

The post-80s tourists share the same motive of escaping
from daily routines as the post-70s tourists [93]. The envi-
ronment of traditional village and natural landscape around
traditional village (environment of traditional village—idyllic
life—inner harmony; natural landscape around traditional
village—picturesque landscape—inner harmony) set the stage
for an idyllic life in the picturesque landscape, which relieves
pressure [94] and realizes the V of inner harmony.

4.4. MEC Value Chains of the Post-90s Traditional Village
Tourists. A total of 150 post-90s tourists were surveyed.
According to the survey data, two interconnected matrices
were set up for the A-C connections (Table 15) and C-V
connections (Table 16) selected by these respondents. The
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TasLE 15: C motives of post-90s traditional village tourists.

A-C Al A2 A3 A4 A5 A6 A7 A8 A9 A10 All n

Cl1 — — 96 — — — — 1 40 — — 137
C2 31 20 — 33 15 2 — 6 — 19 37 163
C3 37 20 31 31 47 9 30 5 12 23 16 261
C4 26 30 11 60 25 4 22 7 7 23 39 254
C5 48 12 — 22 24 7 12 4 7 32 8 176
C6 37 15 18 33 40 14 26 3 8 35 18 247
Cc7 37 31 23 35 65 8 31 11 12 26 19 298
C8 11 27 — 37 15 — — 8 18 61 177
C9 6 7 — — 15 1 10 6 — — 9 54
C10 27 31 35 49 19 4 46 7 18 25 54 315
Cl1 15 15 24 33 14 3 21 4 11 14 18 172
C12 16 20 18 38 14 3 22 1 8 16 32 188
C13 — — 18 13 — — 8 6 32 — — 77
Cl4 18 14 27 16 35 4 16 6 17 13 14 180
C15 22 11 — 20 12 2 24 3 5 10 — 109
Cl6 20 18 43 23 23 5 20 8 14 21 36 231
n is the number of connections.

TABLE 16: V motives of post-90s traditional village tourists.

C-v V1 V2 V3 V4 V5 V6 V7 V8 V9 V10
Cl1 31 88 — — 18 15 — — — 69

C2 51 41 37 29 27 26 — 33 — 32

C3 39 62 81 27 52 34 34 17 — 33

C4 — — — 33 37 41 79 55 54 39

C5 31 34 53 28 75 — 28 20 — 20

C6 — 51 — 47 95 — — — — 32

Cc7 — — 95 61 73 42 — — — 51

C8 45 35 30 23 27 25 85 48 — 40

C9 23 16 — 21 — 22 — — — 16

C10 66 46 — 52 25 — 82 58 36 50

Cl1 — 50 — — — 47 — — 62 —

C12 30 41 — — — — 70 43 33 49

C13 19 38 — 16 — — — — 14 35

Cl4 26 51 — 26 30 19 36 23 — 44

C15 25 33 — 31 — 33 — — 32 35

Cl6 28 68 — — — — — — — 65

n 414 654 296 394 459 304 414 297 231 610

n is the number of connections.

number of A-C connections (Table 17) and C-V connections
(Table 18) being selected by the respondents was counted
and used to prepare the HVM for the MEC value chains (A-
C-V) of post-90s tourists (Figure 4).

It can be observed that the post-90s tourists pursue six As
(ancient architecture, local traditional culture, environment
of traditional village, natural landscape around traditional
village, lifestyle of residents, and local delicacies), six Cs
(spirit of workmanship, cultural experience and inheritance,
ecological protection, picturesque landscape, idyllic life, and
culinary experience), and six Vs (wisdom, beautiful world,
inner harmony, self-improvement, satisfaction, and joy),
which constitute twelve MEC value chains.

Like the previous three generations, the post-90s tourists
realize the Vs of satisfaction and joy through the pursuit of
the A of local delicacies and the C of culinary experience.

Similar to the post-60s and post-80s tourists, the post-
90s tourists achieve the V of wisdom through the search for

the As of ancient architecture and local traditional culture, as
well as the Cs of spirit of workmanship and cultural ex-
perience and inheritance. These tourists are pragmatic, in-
novative, and aggressive [97, 98]. They are curious about the
unknown and good at learning [99]. The ancient architecture
embodies exquisite craftsmanship, superb technology, and
wisdom of the ancestors of the Chinese nation in the creative
culture. All these factors inspire the post-90s tourists to have
a deeper understanding of the wisdom in the spirit of
workmanship among ancient architecture builders and the
wisdom of the ancestors. Moreover, the post-90s tourists can
acquire knowledge through travel and realize the V of self-
improvement (ancient architecture—spirit of work-
manship—self-improvement; local traditional cultur-
e—cultural experience and inheritance—self-improvement).

For the post-90s tourists, the V of beautiful world
originates from the As of environment of traditional village
and natural landscape around traditional village and from
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TaBLE 17: A-C connections of post-90s traditional village tourists (cutoff point =50%).

A-C Al A3 A4 A5 A7 All
C1 — 96/121 (85.7%) — — — —
C4 — — 60/100 (60.0%) — — —
C5 48/82 (58.5%) — — — — —
Cc7 — — — 65/101 (64.4%) — —
C8 — — — — — 61/90 (61.8%)
C10 — — — — 46/79 (58.2%) 54/90 (60.0%)
Percentage = n/N, where N is the total number of respondents recognizing an A (A;) and # is the number of respondents agreeing that A (A;) can produce a C
(C.
TaBLE 18: C-V connections of post-90s traditional village tourists (cutoff point =50%).
C-v V1 V2 V3 V5 \% V10
C1 — 88/101 (87.1%) — — — 69/101 (68.3%)
C4 — — — — 79/116 (68.1%) 39
C5 — — 53/104 (51.0%) 75/90 (72.1%) — —
Cc7 — — 95/132 (72.0%) 73/132 (55.3%) — —
C8 — — — — 85/106 (80.2%) —
C10 66/126 (52.4%) — — — 82/126 (65.1%) —

Percentage = n/N, where N is the total number of respondents recognizing a C (C;) and # is the number of respondents agreeing that C (C;) can reflecta V (V).
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FIGURE 4: The HVM of post-90s tourists to traditional villages (including correlated factors only) (cutoff point =50%).

TaBLE 19: The MEC value chains of traditional village tourists.

Attributes Consequences Values 60s 70s 80s 90s
MEC1 Ancient architecture Wisdom of the ancients Wisdom o/ = =
MEC2 Ancient architecture Spirit of workmanship Wisdom v - v
MEC3 Local traditional culture Cultural experience and inheritance Wisdom v o - v v
MEC4 Environment of traditional village Ecological protection Beautiful world — v v
MEC5 Environment of traditional village Idyllic life Beautiful world — v v @ —
MEC6  Natural landscape around traditional village Picturesque landscape Beautiful world — v v
MEC7  Natural landscape around traditional village Idyllic life Beautiful world — v —
MECS8 Water system of traditional village Ecological protection Beautiful world — — v @ —
MEC9 Lifestyle of residents Idyllic life Beautiful world — — — v/
MEC10 Environment of traditional village Idyllic life Inner harmony — v v @ —
MECI11 Natural landscape around traditional village Idyllic life Inner harmony — v —
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TaBLE 19: Continued.

Attributes Consequences Values 60s 70s 80s 90s
MEC12 Natural landscape around traditional village Picturesque landscape Inner harmony — — v —
MEC13 Lifestyle of residents Idyllic life Inner harmony — — —
MEC14 Ancient architecture Spirit of workmanship Self-improvement v — —
MECI15 Local traditional culture Cultural experience and inheritance = Self-improvement v v v
MECI16 Local delicacies Culinary experience Satisfaction A A4
MEC17 Local delicacies Culinary experience Joy v o v vV
MECI18 Local traditional culture Cultural experience and inheritance Sense of belonging — v v —

the Cs of ecological protection and picturesque landscape.
These As and Cs are commonly pursued by the previous
three generations. Besides, this V also stems from the A of
idyllic life yearned by the post-70s tourists. Out of curiosity,
the post-90s tourists choose to experience the lifestyle of
residents in traditional villages and find that the idyllic
lifestyle of “getting up at sunrise and going to bed at sunset”
is exactly what they have imagined about a beautiful world
(lifestyle of residents—idyllic life—beautiful world).

In the meantime, as the previous two generations, the
post-90s tourists are eager to temporarily escape the envi-
ronment of daily life and work [99] and have a taste for the
rural lifestyle [100]. The surrounding natural environment of
traditional villages and the lifestyle of residents jointly create
a slow and idyllic life, which eases the tourists’ stress [94] and
offers the V of inner harmony (lifestyle of residents—idyllic
life—inner harmony; natural landscape around traditional
village—idyllic life—inner harmony).

5. Conclusions and Discussion

5.1. Conclusions. According to the HVMs of traditional
village tourists born in the 1960s, 1970s, 1980s, and 1990s,
there are 36 MEC value chains of 18 classes for traditional
village tourists (Table 19).

5.1.1. Intergenerational Preferences and Differences of Vs.
The post-60s, post-70s, post-80s, and post-90s tourists pursue
seven Vs, i.e., beautiful world, inner harmony, wisdom, self-
improvement, satisfaction, joy, and sense of belonging. The
four generations of tourists share the following MEC value
chains: local delicacies—culinary experience—satisfaction
(MEC16); local delicacies—culinary  experience—joy
(MEC17); local traditional culture—cultural experience and
inheritance—self-improvement (MEC15). Therefore, satis-
faction, self-improvement, and joy are the Vs commonly
pursued by the four generations. Furthermore, the self-im-
provement realized through local traditional culture is a
pursuit of culture, while the satisfaction and joy brought by
local delicacies are Vs on spiritual level. The research results
show that tourism can bring happiness, satisfaction, and self-
improvement to tourists. This conclusion is applicable to the
four generations from the post-60s to the post-90s, and there
will be no difference in the values pursued by rural tourism
due to generational differences.

The MEC value chains show that the post-60s tourists to
traditional villages prefer the two Vs of wisdom and self-
improvement; the post-70s and post-80s prefer the three Vs

of beautiful world, inner harmony, and sense of belonging.
The post-90s tourists like all the Vs favored by the traditional
village tourists of the previous three generations, a sign of the
diversity and inclusiveness of the post-90s tourists [101].

5.1.2. Intergenerational Preferences and Differences of As.
The post-60s, post-70s, post-80s, and post-90s tourists
pursue seven As, i.e., ancient architecture, local delicacies,
local traditional culture, environment of traditional village,
natural landscape around traditional village, water system of
traditional village, and lifestyle of residents. Specifically,
ancient architecture refers to the ancient buildings and the
homestays with local cultural features transformed from
ancient architecture within the traditional villages; envi-
ronment of traditional village refers to the atmosphere of
human-nature harmony in traditional villages; natural
landscape around traditional village refers to the natural
landscape involving artificial or natural plants in the sur-
roundings of traditional villages; lifestyle of residents refers
to the slow and idyllic lifestyle of “getting up at sunrise and
going to bed at sunset.”

Ancient architecture, local delicacies, and local tradi-
tional culture are the common As of the four generations of
tourists. The post-80s tourists prefer the A of water system of
traditional village; the post-90s tourists prefer the A of
lifestyle of residents, reflecting their curiosity; the post-70s,
post-80s, and post-90s tourists prefer the As of environment
of traditional village and natural landscape around tradi-
tional village.

5.1.3. Intergenerational Preferences and Differences of Cs.
The post-60s, post-70s, post-80s, and post-90s tourists to
traditional villages have seven Cs: idyllic life, cultural ex-
perience and inheritance, culinary experience, picturesque
landscape, ecological protection, spirit of workmanship, and
wisdom of the ancients.

Among the seven Cs, culinary experience, and cultural
experience and inheritance are shared by all four genera-
tions. The post-70s, post-80s, and post-90s tourists prefer
three Cs, namely, ecological protection, picturesque land-
scape, and idyllic life. This is because they wish to tempo-
rarily leave the stressful environment of daily life and work
[99] and take a rest in the slow and idyllic life with superior
ecological conditions. The post-60s and post-70s tourists
prefer the C of wisdom of the ancients. Deeply affected by
traditional Chinese culture, these two generations are
attracted by the wisdom of our ancestors crystallized in the
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buildings, environment, and layout of traditional villages. The
post-60s, post-80s, and post-90s prefer the spirit of work-
manship among the builders of ancient architecture. Many
ancient buildings in traditional villages are works of art,
reflecting the Chinese culture and the craftsmanship of ex-
cellence. The research results show that tourists in these three
ages will be motivated to explore the spirit of craftsmanship
because of the ancient buildings in traditional villages.

According to the hierarchical value map (HVM) of tourists
in traditional villages and the results of MEC chain research, we
believe that the attributes of traditional villages produce the
tourism consequence of traditional villages, and the tourism
value of traditional villages is realized through the experience of
the tourism consequence of villages. Meanwhile, the ultimate
tourism value reflects the spiritual needs of tourists. It also
affects the protection of traditional village attributes and their
reuse in sustainable tourism development, so that attrib-
utes— consequence—value—attributes form a cycle of
mutual influence and interaction of the transmission of village
protection and activation model. In this process, the attribute of
traditional villages is the basis of tourism activation, and the
tourism consequence of traditional villages is the guidance of
tourism activation. The tourism value of traditional villages,
which reflects tourists” tourism values and value pursuit, is the
core of tourism activation. It is also an important factor af-
fecting the sustainable development of traditional village
tourism.

5.2. Discussion. This paper collects 600 samples of tradi-
tional village tourists across China and explores the tourism
values behind the tourist behaviors through hard laddering.
The main findings are as follows:

(1) From value preferences, it can be learned that the
post-60s traditional village tourists are a generation
of wisdom-loving learners, the post-70s and 80s
tourists are a generation of beauty lovers with a
strong sense of belonging, and the post-90s tourists
are a generation of inclusive advocators of diversity.

(2) From the root and source, this paper summarizes the
essence of the sustainable development of traditional
villages: realizing the ultimate values of tourists, such
as joy, wisdom, satisfaction, sense of belonging, self-
improvement, inner harmony, and beautiful world,
through careful protection of the following attributes
of traditional villages: local delicacies, local tradi-
tional culture, ancient architecture, lifestyle of resi-
dents, environment of traditional village, and natural
landscape around traditional village.

(3) The MEC theory proved to be effective for the study of
different types of tourists to traditional villages, the
discovery of the value preferences and intergenera-
tional differences of such tourists, and the accurate
prediction of their intergenerational preferences,
providing theoretical support and practical enlight-
enment to the product development and marketing of
the niche markets of traditional village tourism.
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(4) The research results help to activate the traditional
village tourism, adapt to the latest changes in the
tourism market, and inherit and innovate the tra-
ditional culture of traditional villages. After expe-
riencing the traditional culture, the tourists are very
likely to spread the culture voluntarily. Besides, the
tourists can affect the culture of traditional villages
during travel. Through these pathways, it is possible
to inherit and renovate the traditional culture in
traditional villages, enhance the confidence in tra-
ditional culture, and promote rural revitalization.

The contribution of this research lies in the in-depth
study of the value preferences and intergenerational dif-
ferences of traditional village tourists born in the 1960s,
1970s, 1980s, and 1990s and the subdivision of traditional
village tourism market into different generations, providing
theoretical support to and bridge the research gap of the
product development for the niche markets of traditional
village tourism.

Due to space limitations, this paper only analyzes the
MEC value chains above the cut-oft point (50%). The MEC
value chains below that point were not considered. Besides,
the authors did not deeply explore the relationship between
the tourist values and the protection and activation of
traditional villages. Adding the intergenerational values of
traditional village tourists, the future work will try to es-
tablish a model for the protection and activation of tradi-
tional villages and to safeguard the key attributes or activities
of traditional villages.

Finally, several suggestions were presented for the ac-
tivation of traditional village tourism:

(1) To revive the attributes and values of traditional
villages, it is necessary to marketize the tourist values
of traditional villages like satisfaction, self-im-
provement, wisdom, and joy, which are the results of
ancient architecture, local delicacies, environment of
traditional village, and local traditional culture.

(2) The following attributes of traditional villages should
be protected with special care: local delicacies, local
traditional culture, ancient architecture, lifestyle of
residents, environment of traditional village, and
natural landscape around traditional village.

(3) Considering the MEC value chains of post-60s, post-
70s, post-80s, and post-90s tourists, it is important to
design tourism products meeting the market needs
of different generations, making the tourism prod-
ucts of traditional villages livelier.

(4) It is necessary to establish a government-led, vil-
lager-dominated, and market-driven mechanism to
activate the traditional villages. Under the mecha-
nism, it would be possible to develop new tourism
businesses and products for traditional villages, carry
out marketization targeted at specific groups of
tourists, and improve the service level, laying the
basis for rural revitalization and sustainable devel-
opment of traditional villages.
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China is rich in rural tourism resources. In recent years, rural tourism has been the focus of tourism development in various
regions, which has greatly promoted the development of rural economy. But at the same time, low efficiency, unreasonable
development, and homogeneous tourism environment have affected rural tourism and reduced the competitiveness of rural
tourism. In order to explore innovative ideas and countermeasures for the development of “big data + rural tourism,” improve the
development of rural tourism economy and industry, and improve the competitiveness of rural tourism, based on related
researches on rural tourism, tourism competitiveness, coordination, etc., starting from the particularity of the rural tourism
system, this paper proposes the use of coordination and coupling theory to analyze the status quo of rural tourism economic
industry in a certain place in Jiangxi. The interaction of efficiency and competitiveness of rural tourism, such as infrastructure, has
been studied in depth. The study found that, in rural tourism, efficiency and competitiveness are positively related. The higher the
environmental index, the stronger the competitiveness. When the environment and competitiveness are coordinated, the
economic benefits that can be created are about 30% higher than normal. This shows that, for rural tourism to develop better, it is

an indispensable condition for the coordination of competitiveness and the environment.

1. Introduction

In recent years, my country’s economic development has
reached a new height. The improvement of people’s income
and life and rich material life have strengthened people’s
yearning for tourism. However, as a new tourism method,
rural tourism can achieve the goal of urbanization and rural
construction; tourism can drive the economic development
of local rural areas. The income brought by tourism to local
rural areas can improve their urbanization level [1]. Many
rural areas in my country are rich in tourism resources and
have a good foundation for tourism development. “Rural
revitalization” is a common trend in such villages. Tourism
resources with local characteristics have become the focus of
the development and construction of rural tourism. In the
tourism construction, they are gradually protected, explored,
and developed to form tourist villages with their own
characteristics. Therefore, we should guide the selection and

integration of tourism resources according to the situation,
reasonably protect and shape tourism characteristics, and
improve the local regionalization level [2].

For rural tourism, the development of rural tourism
economy is the ultimate goal of the rise and development of
the rural tourism industry, but in the long run, in order to
enable the long-term development of the rural tourism
industry, the healthy maintenance and growth of environ-
mental capacity is very important. Therefore, how to control
the change of environmental capacity is the key concern of
the balanced development of tourism economy |[3, 4].

For rural tourism, domestic and foreign experts have
also conducted a lot of research. Foreign countries have done
more research on rural tourism due to the early start of
Internet big data and transportation development. Choi
analyzes tourists from the perspective of the entire tour. The
information they search is changed anytime and anywhere.
First, search for information such as the location of tourist
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attractions, hotel reservations, and route planning and then
implement information tracking based on the dynamics of
the scenic spot, such as some special scenic spots, perfor-
mances, precautions, etc., and, finally, some experience
sharing according to his own wishes, and based on these
findings, he designs tourism products and services [5]. Xiang
and Pan discovered through data mining on Internet users’
browsing of tourist city information with search engine tools
that hotel information ranks first in search volume, followed
by driving guides and scenic spot overviews, while business
districts are the part that tourists pay the least attention to.
This discovery is used to design tourism products and
services [6]. Buhalis pointed out that tourists will widely use
a variety of online information sources when arranging their
journeys, mainly including intermediary service providers,
official websites, travel apps, WeChat official accounts, and
various travel websites. On the Internet, consumers can
communicate with suppliers and destinations, with dynamic
communication and personalized customization of tourism
products and services. Relatively speaking, domestic re-
search started late, but it has also made great progress [7]. By
tracing the process of sharing travel experiences, Li Ping
noticed the important role that mobile phones play in the
sharing process. Tourists are not restricted by time and
space, thus attracting more attention. At the same time,
sharing this way through mobile phones is very convenient
[8]. Shan Na believed that rural eco-tourism products can be
divided into experience-based, artistic, educational, self-
guided tours, and farm stays and summarized the following
product development directions: story explanation, product
innovation, characteristic architecture to create artistic
conception, and teaching mode [9]. Peng Xia mentioned
that the main purpose of the integration of the Internet and
the tourism industry is to improve the quality of tourism
products and facilitate the travel itinerary, which is man-
ifested in the booking of tickets, hotel accommodation, and
other aspects. Therefore, the focus of the cooperation be-
tween the two is to build an Internet marketing and publicity
platform. The tourism products and services are put on the
Internet platform [10, 11]. In this survey, we will first sort out
related concepts such as big data and agritourism and then
summarize domestic and international surveys on the basic
theory of agritourism, research methods, and influential
factors. Then, on the basis of investigating the status quo of
tourism development in Anyi County, it analyzes the six
aspects of the development of rural tourism economic in-
dustry in the context of its big data, including the number of
managers, capital investment, types of products and services,
network marketing and promotion, information construc-
tion, and infrastructure, and establishes system boundaries.
Secondly, it establishes a basic tree-in-tree model for the
number of managers and service personnel, the total amount
of capital investment, the number of types of products and
services, the number of clicks on online marketing, the
amount of capital invested in information construction, and
the flow rate of infrastructure construction investment, to
reasonably confirm the relevant flow rate. Flow position
system generates typical meaning archetypes, conducts
feedback analysis on archetypes, and proposes
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corresponding management countermeasures. Then, using
the branch vector determinant calculation method to ana-
lyze all the feedback loops of the rural tourism economic
system development under the background of big data, it
finds out the key elements restricting the development of the
system, gives the overall system feedback, and proposes
corresponding management countermeasures. Finally, the
management countermeasures are simulated and analyzed
through the system software.

2. Rural Tourism Economic Industry
Development Methods

2.1. Concept of Rural Tourism Economy Industry. Rural
tourism is a new type of industry that combines agriculture
and tourism. It provides tourism, leisure, entertainment,
fitness, shopping, etc. for different tourists with the help of
rural unique natural scenery, human folklore, ancient ar-
chitectural style and cultural characteristics, and other
tourism resources, a new type of tourism model with di-
versified and different tourism products, thereby improving
the tourism network environment and increasing the in-
come of the people [12].

The living standards of Chinese residents have generally
improved. At the same time, tourism has become more and
more normalized. Tourism is not only an entertainment
activity, but also a change of daily habits. In the past few
years, China’s tourism market has achieved sustained,
healthy, and rapid development. While the tourism market
has expanded, people’s travel habits have also quietly
changed. In the past, people may choose to travel more
through travel agencies, but as tourists mature, more dis-
tinctive travel modes are accepted by people, and everyone is
no longer satisfied with traditional travel routes, products,
habits, etc., but are expected to be able to plan a unique travel
route and own unique travel products [13]. On the other
hand, with the acceleration of the pace of life, people’s travels
are more temporary and random, and people choose to
travel as soon as they say they want. After arriving at the
destination, according to the actual situation, they know and
book the travel situation of the destination at any time [14].
Generally speaking, people who choose to travel will choose
tourist destinations purposefully, as shown in Figure 1.

With the rapid development of social economy and
technology, a new rural tourism industry has also been
continuously developed. Tourists are increasingly rich in
tourism psychology, and the tourism experience continues
to mature. Tourists are also paying more and more attention
to enjoying the experience of combining spirit and material
in tourism [15]. The diversification of tourist needs and the
increasingly obvious trend of individualization require more
in-depth development of tourism resources, so that the
needs of tourists can be met, and the sustainable develop-
ment of the tourism industry can be promoted. Tourism
resources are the foundation of tourism development, as well
as a prerequisite for tourism planning and tourism resource
development [16]. Because the development status of
tourism resources is not optimistic, tourism resources rely
on the continuous development of tourism to survive and
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F1GURE 1: Traveling to choose high-frequency purposes. (a) Featured tour, (b) resort, (c) farmhouse, (d) national characteristics, (e) quality

resources, and (f) red base.

develop. Only through resource development can it become
a tourism product and bring its economic, cultural, and
social benefits into play. Generally speaking, rural tourism
mainly has the following characteristics:

(1) Tourism in rural areas: The countryside has a unique
geographical location. The surroundings are either
scenic spots or unique advantages of ancient build-
ings. The strong folk customs and urban attractions
form a strong contrast. Many urban residents have
become accustomed to the urban scenery. Naturally,
they are different. The field scenery, humanistic
feelings, and folk customs of the countryside in China
have become attractive points for urban residents [17].
All activities of rural tourism are in the countryside
and surrounding market towns. Rural residents make
effective use of rural space, plan rural tourist attrac-
tions, and innovate tourism products, so that tourists
can appreciate the unique material and intangible
culture of the countryside and experience rural life.

(2) Diversified forms of activities [18]: In addition to
farmers, the main suppliers of rural activities include
enterprises that attract investment. Therefore, the
tourism products and activities provided by rural
tourism are naturally rich and colorful, covering all
kinds of tangible flower viewing, water entertainment,
farmhouse entertainment, etc. Activities also include
abstract content such as folk customs, traditional
culture, and scene simulation. Urban residents choose
rural tourism mainly to experience a different life
mode, which is bound to inspire local farmers and
enterprises to various innovate forms of activities and
create “Internet + rural tourism” new model.

(3) Revitalize the local economy [19]: Rural areas have
always been the key target of national support. Rural
development has always relied on agriculture or
animal husbandry. The vigorous development of
rural tourism has brought a new direction for the
development of rural economy. Especially in this
Internet age, construction informatization, intelli-
gence, convenience, and other new types of rural
areas improve the infrastructure of rural tourist
attractions, attract more tourists, and gradually
change the way of relying on agriculture for liveli-
hoods, revitalize the local economy, and improve the
quality of life of local residents.

2.2. Coordinated Development. The industrial characteristics
under the background of rural tourism planning are dif-
ferent from traditional industries. Plans facing different
disciplines, different industries, different structures, and
industries involving different levels provide multiangle and
interdisciplinary knowledge to allow rural tourism to enter
into collaborative development, with need to be integrated.
Coordination refers to the healthy development of two or
more systems or system elements. They are coordinated and
unified with each other, from low-level to high-level, from
simple to complex, and from disorder to order and evolve to
achieve goals, the overall evolution of goals [20]. “Coordi-
nated development” is the intersection of “coordination”
and “development,” emphasizing integrity, comprehen-
siveness, and internal cohesion. Therefore, the definition of
coordinated development is as follows: on the basis of
following the objective laws, through the coordination be-
tween each subsystem and the entire system, subsystems and
internal components, in order to achieve the overall goal of
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the overall development of the system, the relationship
between the system’s internal components is constantly
evolving toward an ideal state. In today’s society, sustainable
development and scientific development concept are the
highest ideas of contemporary coordinated development
theory [21]. People-oriented idea not only respects objective
laws, but also emphasizes the overall coordination of the
complex system of population, society, economy, technol-
ogy, resources, and environment. To better strengthen the
coordinated development within and between systems, the
following characteristics should be grasped:

(1) The principle of subjectivity: When choosing an
indicator system, you should choose those indicators
that best reflect objective facts, not all indicators.

(2) The principle of flexibility: Different problems have
different characteristics, and the choice of index
system should be adjusted according to the specific
characteristics of specific problems.

(3) The principle of operability: When choosing an in-
dicator system, you should choose indicators that
can be collected and easily measured. Some indi-
cators are important but difficult to collect or difficult
to measure. Such indicators are not suitable for an
indicator system.

(4) Principles of accuracy and comparability: The se-
lected index system should be numerically accurate,
such as the unity of measurement caliber, the eco-
nomic aggregate calculated using constant values,
and the degree of conformity with the actual
situation.

Generally speaking, coordinated development between
regions is the state and process of interdependence, mutual
adaptation, mutual promotion, and common development
formed between regions under the conditions that each
region is open to the outside world [22]. Expressed in
systematic language is that each region takes other regions as
its own constraints, chooses its own elements, adjusts its own
structure, and changes its own functions to adapt to and
promote the development of other regions, so that the el-
ements of each region are constantly updated. The con-
tinuous optimization of the structure and the continuous
mutual accommodation, connection, and promotion be-
tween regions have formed a spiral upward trend in the
dynamic feedback process of each region in the country. A
high degree of coordination coefficient indicates that the
region is in a balanced development, and the degree of
coordination is small, indicating that the region is in a state
of uncoordinated development and needs to be adjusted in
time.

2.3. Competitiveness. The basic feature of the market
economy is free competition, which is a product of the
commodity economy. The emergence of competition is
based on the common needs of the subjects who participate
first and then cause mutual struggle. At the same time, it will
inevitably include competition for scarce resources. The
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concept of “competitiveness” originated from people’s un-
derstanding of ability. When participants compete with
other participants for their own interests, the comprehensive
ability reflected by it is competitiveness [23].

Competitiveness is a relative concept, which can only be
manifested through comparison and competition with other
participants. The understanding of “competitiveness” en-
compasses multiple angles and levels. It is a comprehensive
and complex concept with rich connotations. According to
the different types of participants, competitiveness can be
divided into national competitiveness, industrial competi-
tiveness, enterprise competitiveness, etc. According to dif-
ferent competition backgrounds, it can be divided into
regional competitiveness, international competitiveness, etc.
[24]. At the same time, “competitiveness” is a dynamic
concept that includes the performance of the main body in
the current competition and the capabilities that may be
demonstrated in the future competition. Therefore, in order
to conduct competitiveness evaluation, it is necessary to
determine the target time period and define the subject type
and background of competitiveness analysis.

Whether the tourism industry can be called an industry has
been controversial. If the industry is interpreted as a collection
of companies operating the same main industry, then the term
tourism industry does not seem to be rigorous enough.
However, if the composition of the industry is understood on
the basis of consumers’ purchasing purposes, then there is
nothing wrong with the tourism industry. From this per-
spective, a collection of companies that provide tourists with
“food, accommodation, transportation, travel, entertainment,
and shopping” constitutes the category of the tourism industry.
The tourism industry involves people’s basic life content and
has a wide range of extensions. According to different service
objects, it can be divided into basic industry sectors and
specialized industry sectors. The basic sectors mainly provide
services for local residents, while the specialized ones are aimed
at tourists (demand developed). The research done in this
article will only focus on specialized industries, while basic
industries such as urban transportation, postal services, taxis,
general entertainment venues, and other basic industries that
serve local residents will be less involved. Existing research can
be divided into two levels according to the scope of the region
involved. The first is overall competitiveness. The main body
involved is the country. The research content mainly focuses on
the ability level of a specific country in the international market
competition. The second is the limitation. The tourism com-
petitiveness of a geographical area includes a certain designated
area, province, city, scenic spot, etc. [25]. The tourism com-
petitiveness of a scenic spot mainly refers to the comprehensive
performance of a certain scenic spot’s market share, profit-
ability, and development potential. Its competitiveness level is
mainly evaluated from the level of economic benefits. The
competitiveness of urban tourism refers to the attractiveness to
tourists and the ability of sustainable development embodied
under the comprehensive effect of tourism enterprises, related
enterprises, and urban infrastructure within a certain city.
Regional tourism competitiveness reflects the ability of a given
area to maintain a sustained competitive advantage in market
competition.
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Tourism competition can generally be divided into three
types of direct competition. Direct competition refers to the
provision of similar services and products by multiple
tourism companies. For example, there is direct competition
between energy and water suppliers. Competition for sub-
stitutes appears among tourism companies that provide
mutually replaceable services and products [26]. For ex-
ample, there is competition for substitutes between airlines
and car rental companies. Sometimes the main functions of
services provided by multiple tourism companies are similar.
For example, two hotels in the same area provide accom-
modation services, but because they have their own char-
acteristics and can bring different experiences to customers,
the competition between them is also summarized as
competition for substitutes. The third type of competition is
budget competition. Every customer has a limited travel
budget. If he spends more on a certain travel service or
product, he can only spend less on other services and
products.

2.4. Coupling Theory. The main theoretical basis used in this
study is coupling theory. The theory of the mode of coupling
refers to a theory that studies the general laws of coupling
between two or more modes of electromagnetic waves. The
connection may occur between different modes of electro-
magnetic waves in the same conductor (cavity) or between
modes of electromagnetic waves in different conductors. The
theory studies the general law of interconnection between
two or more modes of electromagnetic waves, also known as
coupled wave theory. In general, it is a general theory that
studies the connection between two or more waves. The
connection may occur between different modes of electro-
magnetic waves in the same conductor (or cavity) or be-
tween modes of electromagnetic waves in different
conductors (or cavity). Usually, the connection happens
between the same type of waves, but it can also happen
between different types of waves, such as the connection
between two modes of electromagnetic waves and two
modes of space charge in a rolling wave.

Let the variable (a = 1,2,...,n) be the ordinal param-
eter of the rural development compound system and 1, be
the b-th index of the a-th ordinal parameter. The influence of
rural development and the influence of tourism develop-
ment are completely different, but they are two subsystems
that influence each other. The contribution of order pa-
rameters in the subsystem to the order degree of the system
is shown in the following formula:

m, =

Aab'9ab' ( 1)

M=

b=1

my, is related to the overall rural development system
and A, is the weight of each order parameter. Therefore,

y(kT +t;) = L) Zr: By, (2)0 (KM +1t) + v(kM + t;).
j=1

a(z ;
(2)
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And it can be transformed into

a(z)=1+az  +oz “+--taz

0 ol 1. 2 -2 -
ﬁij(z):ﬂij+ﬁijz +ﬁijz +"'+ﬁ?jz "

Its function is to move the s(kT +¢,_;)i=1,2,...,r -1
sampling signal in time backward s(kT +t; ;) by 1 non-
uniform sampling interval, and a new transfer function
model is proposed:

(3)

YT +1,) = %a(w o)+ v (kKT +1),

When Q=0, the deviation of the two systems is the
smallest, and the coordination degree between m; and m; is
the highest. Therefore, Q can be used as a measurement
index of the coupling degree between m; and m,.

B (1'11>x<1/12...n,,)}2
R ={Virth. M) (5)
{ [6(n; +m)]

The coupling function Q can be expressed by the fol-
lowing formula:

(4)

(m, * mz)m
Q=2 (my +my)
(6)
a() = ry(- Jl (D) ).
Therefore, we can get
0=1-1() = 1 - exp( - jo k(o) dr). )

When As approaches zero, use the following differential
equation to illustrate the change:

% =T(s)*p(s)x A=T(s)*x(s),
s ®)
()= I, + Jog(t) dr.
As shown in the following function:
b(c-2)=wn(c) +Q(n). (9)

The expression of secondary performance index is as
follows:

M= [« (0Qc(m) + K (m)bA]. (10)
m=1
The expression of weight matrix is as follows:

)
M=2212<;’::N_H) [ '+ 3(1 )],
ar

(11)
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Emerging tourism industry models continue to emerge
and develop under the guidance of the general trend of
modern tourism, which greatly strengthens the vitality of the
tourism industry and makes rural tourism occupy a place in
the modern tourism industry.

3. Rural Tourism Experiment

3.1. Subjects. Taking a certain place in Jiangxi as an example,
based on the analysis of the shortcomings and problems in
the development of rural tourism in a certain place, this
paper constructs a large data + rural tourism development
problem model for a certain place and conducts an overall
feedback analysis of a certain place big data + rural tourism
system. It identifies the key factors restricting the devel-
opment of the system and puts forward the management
countermeasures to promote the development of rural
tourism in a certain county under the background of “In-
ternet +”. There are 3 towns and 13 townships in a certain
place, as shown in Figure 2.

3.2. Construction of Rural Environmental Index System.
By consulting and summarizing relevant documents, the
establishment of the indicator system should be combined
with the actual situation. Based on the operability of data
collection, we referred to related research results, referenced
statistical data such as preliminary environmental status
reports for specific counties, and divided and layered the
environmental system. The tourism environment should be
a complex system including economic, social, and natural
environment and other elements. According to the char-
acteristics of the development of the rural tourism industry,
it is more practical to discuss the research capacity from the
following four aspects, as shown in Table 1.

3.3. Construction of Tourism Economic Index System.
When you build an evaluation index of economic devel-
opment subsystem, based on the research literature of the
current domestic and foreign experts, in combination with
the current state of development of rural tourism economy,
to analyze the index system of tourism economy subsystem,
it is divided. According to many studies, when most
scholars conduct economic analysis, tourism income and
number of tourists are important factors for investigating
economic development. Inbound tourism is also an im-
portant consideration when analyzing the tourism econ-
omy. It needs to be included in the tourism economic
indicator system. Per capita expenditure is also an im-
portant indicator to measure the economic development of
a city. It represents an important source of income for a
city’s tourism economy. It needs to be taken into account in
economic development. The tourism economic index
system is shown in Table 2:

3.4. Data Processing. When our test data are consistent with
the normal distribution, as an intragroup comparison, we
can use the double ¢-test and the independent sample P test.
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However, if the regular distribution of data is insufficient,
two independent samples and two related samples should be
used for testing.

4. Analysis of Rural Tourism Development

4.1. Situation in a Certain Place in Recent Years. We have
made statistics on the GDP of a certain place in recent years
and then determined the proportion of rural tourism
economy in it. The GDP of a certain county in recent years is
shown in Table 3:

From the table, we can see that, with the development in
recent years, the industrial structure of a certain county has
been continuously adjusted, from the original secondary
industry as the main industry to the tertiary industry, and
the tourism industry is a component of the tertiary industry.
Part of the development has also been achieved. The tourism
investment of a certain county is shown in Figure 3.

It can be seen from Figure 3 that, in recent years, the
government’s investment in tourism has gradually in-
creased, and the main investment is concentrated in
transportation and infrastructure projects to create a con-
venient environment for tourists. In this regard, we inves-
tigated the environment and related capacity of a certain
place, as shown in Figure 4.

From the figure, we can see that both the overall benefit
index of the tourism environmental capacity and the overall
benefit index of the tourism economy show a gradual up-
ward trend and the growth trends of the two are approxi-
mately the same. This also requires us to follow the thematic
positioning when constructing rural tourism in a certain
place, to sort out the context and grounds, and on the basis
of analyzing the characteristics of tourism resources and
digging out local culture, we should plan and construct
suitable one for the actual situation of a certain place and the
surrounding tourism market based on local conditions
(travel items).

4.2. Changes and Development of Rural Tourism. There are
many factors affecting the development of rural tourism
industry. We classify the different effects and simulate their
impact on the rural tourism industry, as shown in Figure 5:

As shown in the figure, after the improvement of talent
welfare and treatment, the number of management per-
sonnel and service personnel, the total capital investment,
the types of products and services, the frequency of online
marketing and promotion, and the amount of investment in
information construction have all increased. This is because
retention of talent is largely dependent on it. It is the
treatment of talented welfare. As the treatment of human
resources welfare improves, it will attract more and more
local tourism management and service personnel. Once the
number of management and service personnel increases, it
will stimulate product development creativity and marketing
promotion creativity and increase the number of types of
products and services and the number of clicks on online
marketing and promotion, thereby increasing the income of
local tourism, allowing tourists to experience information-
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FIGURE 2: Topographic map of Yihuang County.

TaBLE 1: Tourism capacity and index system.

First-level index Secondary indicators Three-level indicators

Line environment capacity (X1)
Scenic environment capacity (X2)
Water environmental capacity (X3)
Solid waste environmental capacity (X4)

Tourism resources space bearing capacity

Tourism ecological environment bearing

capacity Atmospheric environmental capacity (X5)
Tourism environmental Accommodation facility capacity (X6)
capacity Tourism facilities bearing capacity Catering facilities capacity (X7)

Road traffic facility capacity (X8)
Capacity of leisure and entertainment facilities (X9)
Tourist mental capacity (X10)
Psychological capacity of residents in tourist areas
(X11)

Tourism psychological bearing capacity

TABLE 2: Diagram of tourism economic system.

System Evaluation index

Total rural tourist visits/ten thousand visits (Y1)
Rural tourism income/100 million yuan (Y2)
Domestic tourism/10,000 person-times (Y3)

Income from domestic tourists/100 million yuan (Y4)
Domestic travel per capita expenditure/yuan (Y5)
Inbound tourists/10,000 person-times (Y6)
External consolidated income/100 million US dollars (Y7)
Per capita cost of inbound tourism/USD (Y8)

The ratio of total rural tourism revenue to GDP (Y9)
Hangzhou GDP (Y10)

Number of star-rated hotels/a (Y11)

Number of travel agencies/one (Y12)

Tourism economic system
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TaBLE 3: Yihuang County’s GDP in recent years.

Output value (100 million yuan) 2016 2017 2018 2019 2020
GDP 61.74 66.68 72.68 82.13 85.91
Primary industry 7.82 8.25 8.79 9.35 10.23
Secondary industry 29.17 31.37 32.16 34.17 34.93
Tertiary industry 24.75 27.06 31.73 38.61 40.75

Value (ten thousand yuan)

2015

m=m Resource protection
mmm Tourist attraction
we= Infrastructure

Years

wen Staff training
—— surroundings
— traffic

FIGURE 3: Tourism investment in Yihuang County.
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FIGURE 4: Environment and tourism development.

based, multistyle rural tourism. In order to understand the
degree of satisfaction of tourists when traveling in a certain
county, we conducted a related questionnaire survey on
tourists. The results of the survey are shown in Figure 6:

From Figure 6 it can be seen that the local characteristics
are rich in red pores and agricultural resources. Tourists
have the highest satisfaction with these two tourist projects.
Therefore, in future planning, these two resources should be



82

Urban and Rural Tourism Strategies in Sustainability

Increase the impact of investment

4.5 T T T T

(]
=
S
15 L L L L L L L L L
1 1.5 2 2.5 3 3.5 4 4.5 5 55 6
Sharpen
—— Talent welfare expenditure —— Marketing
—— Financial support —— Infrastructure investment
Industrial development
F1GURE 5: Factors influencing the development of rural tourism industry.
Very satistied = 7 ,
Ty : . S 20
o 11 ‘ 28 !
satisfaction 10 25
. . ——17 .
e 12
g :
& ——jy
S : = == 19
& general =11 18
3 ‘ £10
w :{
—_——
Dissatisfied [m——— 7 3 : 12
i
Ver)’r 3 ki s t:
dissatisfied 2 e
-5 0 5 10 15 20 25 30 35
Number of people
Red base Farmhouse
Quality resources Resort

B National characteristics

B Featured Tour

FIGURE 6: Passenger satisfaction survey.

rationally planned and integrated, making it bigger and
stronger to promote the development of other tourism
resources.

5. Conclusion

This paper studies the definition of rural tourism planning,
the definition of local characteristic tourism resources, the
classification of tourism resources, and the quality evalua-
tion of local characteristic resources, analyzing and selecting

the quality factors of tourism resources somewhere, and the
final conclusion is based on the development of local
characteristic resources, planning tourism practice, and
proposals for the development of tourism resources in
tourism planning. Considering the value and characteristics
of tourism resources, the value of tourism resources is higher
than the characteristics of tourism resources. In the value of
tourism resources, first attach importance to the value of
tourism experience and then focus on the tourism value of
this area. In the current construction of rural tourism
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planning, in addition to creating pleasing landscapes,
planning should pay more attention to the experience and
participation of tourists. The implementation of macro-
planning and design into details and perception has become
the focus of current tourism planning. In the research of this
article, because the research object of local characteristic
tourism resources is relatively complicated, although the
analysis and evaluation system has been established, it still
needs more information, a larger range of research, and
more comprehensive methods to make it more useful. In
future research, more appropriate samples should be
studied. The number of investigations can be increased, and
the amount of investigation and data collection can be
expanded to make the research more comprehensive.

References

[1] W. Wei and B. He, “A research on innovative development
model of beautiful countryside tourism industrial park%,”
Journal of Northwest A and F University (Social Science
Edition), vol. 16, no. 3, pp. 63-68, 2016.

[2] T. Cao, “A probe into countryside tourism development in
lingshan county under the background of all-for-one tour-
ism,” Journal of Nanning Vocational and Technical College,
vol. 24, no. 1, pp. 89-92, 2019.

[3] D. Gonzédlez Alvarez, “Rethinking tourism narratives on the
cultural landscapes of Asturias (Northern Spain) from the
perspective of landscape archaeology: do archaeologists have
anything to say?” Landscape Research, vol. 44, no. 2,
pp. 117-133, 2019.

[4] N. Titman, “Working the dunes: queer tourism and henry
blake fuller’s gentlemanly mobility,” Gender and History,
vol. 31, no. 1, pp. 132-152, 2019.

[5] J. Napoli, “A tourism and cultural regional case study of the
link between transportation and tourism: south of France,”
Methaodos Revista De Ciencias Sociales, vol. 5, pp. 174-181,
2017.

[6] L. Chuang, “Research on the development strategy of leisure
tourism in coastal tourist cities,” Heilongjiang Science, vol. 10,
pp. 148-149, 2019.

[7] Y. Wan, H. Su, and J. Liu, “Research on the economic and
ecological effects of tourism development in guangdong
province under the green background,” Ecological Economy,
vol. 35, no. 3, pp. 134-139+193, 2019.

[8] L. Kang and L. Shi, “Research on the development strategy of
sanya marine tourism,” Tourism Overview (Second Half
Month), vol. 291, no. 3, pp. 132-133, 2019.

[9] Y. Zhangand C. T. Academy, “Decision making and expected
preference of Chinese domestic potential marine tourism
market,” Resources Science, vol. 21, no. 13, pp. 13-17, 2016.

83

[10] L. Ma and Y. Zhu, “Research on the integrated management
system of marine tourism under the background of industrial
integration,” Ocean Press, vol. 12, no. 33, pp. 132-137, 2015.

[11] Z.Lv,R.Lou,J. Li, K. S. Amit, and H. Song, “Big data analytics
for 6G enabled massive internet of things,” IEEE Internet of
Things Journal, vol. 8, 2021.

[12] J.-S. Shen, F.-C. Su, and Y.-S. Lee, “Research on tourism
motivation and service quality of haikeguan tidal ocean
center,” Social and Regional Development Journal, vol. 5, no. 1,
pp. 47-66, 2016.

[13] Y. He and M. Yang, “Analysis of the development model of
island tourism based on spatial structure-Taking Wanshan
District of Zhuhai as an example,” Ocean Economics, vol. 32,
no. 136, pp. 47-66, 2018.

[14] H. Wang and X. Guo, “Research on smart tourism system
based on speech recognition,” Computer Technology and
Development, vol. 31, no. 5, pp. 143-147, 2015.

[15] H. Suand C. Chen, “Research progress and enlightenment of
China urban tourism planning,” Journal of Guangzhou City
Vocational College, vol. 36, no. 3, pp. 28-33, 2019.

[16] L. Zhou and J. Jiang, “Comprehensive evaluation and spatial
differentiation of urban tourism competitiveness in the
Yangtze River Delta,” Economic Geography, vol. 35, no. 1,
pp. 173-179, 2015.

[17] S. Wu, J. Wu, Y. Wang, and J. Wu, “Research on the rela-
tionship between national tourism competitiveness and
tourist perception-taking European and American tourists in
China as an example,” Arid Land Resources and Environment,
vol. 29, no. 4, pp. 202-208, 2015.

[18] J. Wang and A. Hu, “Evaluation of agricultural sightseeing
tourism competitiveness based on fuzzy neural network,”
Rural Economy, vol. 2015, no. 6, pp. 72-75, 2015.

[19] G. Xue, G. Sun, and Z. Yu, “Analysis on the formation
mechanism of summer resorts and tourism competitiveness
in my country,” Journal of Northwest University, vol. 48, no. 1,
pp. 149-156, 2018.

[20] P. Zhang and Y. Zheng, “Research on tourism competitive-
ness based on dynamic factor analysis—a case study of the
Pearl River Delta,” Resources Development and Market,
vol. 31, no. 6, pp. 122-125, 2015.

[21] Ye Zhu, “Research on the spatial pattern and formation
mechanism of urban tourism competitiveness: taking jiangsu
province as an example,” Technoeconomics and Management
Research, vol. 3, no. 12, pp. 121-126, 2016.

[22] B. Hou, X. Zhou, X. Lu, R. Tao, and A. Zhang, “Construction
and empirical analysis of the evaluation system of urban
cultural tourism competitiveness: a case study of urban ag-
glomerations in the Yangtze River Delta,” World Geographical
Research, vol. 25, no. 6, pp. 166-176, 2016.

[23] R. Liu, “A comparative study of urban tourism competi-
tiveness based on entropy weight set pair analysis-A case
study of the four provincial capital cities in the middle reaches
of the yangtze river,” Journal of Central South University of
Forestry and Technology (Social Science Edition), vol. 13, no. 2,
pp. 35-40, 2015.

[24] D. Liu, X. Wang, X. Wu, J. He, and Z. Duan, “The temporal
and spatial changes of the coupling and coordination degree
of tourism competitiveness and economic development of the
global poor countries,” Advances in Geography, vol. 37, no. 10,
pp. 35-41, 2018.



84

[25] S.-B. Tsai, Y.-Z. Xue, P.-Y. Huang et al., “Establishing a criteria
system for green production,” Proceedings of the Institution of
Mechanical Engineers - Part B: Journal of Engineering Man-
ufacture, vol. 229, no. 8, pp. 1395-1406, 2014.

[26] H. Zhu, “Comprehensive medical analysis of clinical diseases
and syndromes based on rheumatoid factor interfering im-
mune blood cell damage,” Journal of Healthcare Engineering,
vol. 2021, Article ID 2290650, 2021.

Urban and Rural Tourism Strategies in Sustainability



IoT Architecture for a Sustainable Tourism Application in

a Smart City Environment

Michele Nitti,' Virginia Pilloni,' Daniele Giusto,' and Vlad Popescu’

'Department of Electrical and Electronic Engineering, University of Cagliari, Cagliari, Italy
*Department of Electronics and Computers, Transilvania University of Brasov, Brasov, Romania

Correspondence should be addressed to Vlad Popescu; vlad.popescu@unitbv.ro

Academic Editor: Claudio Agostino Ardagna

In the past few years, the Smart Cities concept has become one of the main driving forces for the urban transition towards a
low carbon environment, sustainable economy, and mobility. Tourism, as one of the fastest growing industries, is also an important
generator of carbon emissions; therefore, the recently emerging sustainable tourism concept is envisioned as an important part of the
Smart Cities paradigm. Within this context, the Internet-of-Things (IoT) concept is the key technological point for the development
of smart urban environments through the use of aggregated data, integrated in a single decisional platform. This paper performs
the first analysis on the feasibility of the use of an IoT approach and proposes a specific architecture for a sustainable tourism
application. The architecture is tailored for the optimisation of the movement of cruise ship tourists in the city of Cagliari (Italy),
by taking into consideration factors such as transport information and queue waiting times. A first set of simulations is performed
using 67-point of interest, real transportation data, and an optimisation algorithm.

1. Introduction

IoT leads a sweeping cultural change as a huge number
of machines, devices, sensors, actuators, and other objects
become interconnected to each other and to higher-level
systems. Due to the enormous amount of variety of con-
nectable devices and automatically collected data, entirely
new services and features can arise, to form the basis of,
among other concepts, Smart Cities. IoT and big data are both
technology-driven developments leading to scenarios such as
the one for the Smart Cities, having the potential to generate
enormous market opportunities as well as make citizen lives
smarter and more sustainable.

The Smart Cities architectures envisioned or implement-
ed up to date deal mostly with use cases from the following
categories: energy, waste disposal, environmental manage-
ment, and transport. All these use cases can have their needs
covered by means of an IoT platform connecting heteroge-
neous sensing systems with the upper layers dedicated to
services and interfaces [1].

Tourism is not only the largest growing industry in the
world but it also accounts for 5 to 12% of global greenhouse

gas emissions [2]. Therefore, in the context of the passage
towards a low carbon environment and sustainable economy,
the term sustainable tourism was recently coined and begins
to gain acceptance from both sides: tourists on one side
and tour operators and the interested territory on the other
side.

Without travel there is no tourism, so the concept of sus-
tainable tourism is tightly linked to the concept of sustainable
mobility which, for the specific case of an urban environment,
can be included in the frame of the Smart Cities para-
digm.

Based on these aforementioned concepts, this paper pro-
poses an IoT architecture for a sustainable tourism applica-
tion in a Smart City scenario. The proposed architecture is
tailored for a specific use case: sustainable movement of
tourists in the city of Cagliari in Sardinia, Italy.

The paper is structured as follows: Section 2 analyses
briefly the key requirements for an IoT architecture operating
in a Smart City environment for the specific implementa-
tion purpose; Section 3 presents the proposed architecture,
while Section 4 is dedicated to the use case description
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and model, tested in Section5 through a first series of
simulations. Section 6 presents the conclusions and the future
work.

2. Key Requirements for an IoT Platform in
a Smart City Environment

The emerging Smart City concept has many definitions and
implementation approaches. However, as pointed out in
the Introduction, from an infrastructural point of view, all
Smart Cities have at their core a highly capable ICT system
(IoT platform) connected to network of sensors, wired and
wireless broadband connectivity, and advanced data analytics
that settle the basis for developing intelligent applications and
services for citizens [3].

Due to the current lack of fully defined standards for
IoT architectures, the key requirements for their usage in
a Smart Cities scenario are rather difficult to be defined.
The first steps in this direction have been done by the
PROBE IT EU-financed project which aimed, among others,
at benchmarking IoT deployments and setting guidelines for
IoT rollouts for Smart Cities [4]. Based on some of these
guidelines, considering other surveys [5-9] and also the
requirements fulfilled by some of the existing commercial
IoT architectures and platforms [10, 11], we extracted a set of
key requirements for IoT platforms operating in a Smart City
environment.

The compliance of the architecture proposed in Section 3
with the identified requirements, considering also the first
implementation steps, is discussed individually for each one
of the requirements.

2.1. Security Requirements. There are already more connected
devices than people on the planet, with the estimation that,
by 2020, there will be 50 billion connected devices [11]. The
inclusion of these devices in IoT platforms means that they
will be readable and controllable over the Internet. Poor or
misconfigured networks are potentially vulnerable to attacks
and IoT environments are no different at all, as they are always
connected to the Internet. Therefore, an IoT platform must
have strong built in security, which, specifically for the Smart
Cities environment and for the chosen application, should
have the following key requirements.

(1) End-to-End Security Mechanisms and Data Encryption.
Standard-based encryption from the hardware devices to the
IoT platform is arguably one of the best deterrents of data
theft. Many services encrypt data once it gets to their data
centre, but in many ways data is more vulnerable when it
is in transit. The challenge for the developer with doing this
from end to end is making the entire authentication happen
without the user’s intervention, so the data is encrypted auto-
matically. For the specific case of the proposed architecture,
the critical links are between the real-world objects and the
related virtual objects. To ensure a secured connection, the
real-world objects exchange keys and IDs with the virtual
objects at the association phase, avoiding any other further
connection to. All the subsequent connections between the
virtual objects and the upper layers are inside the cloud
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environment that avoids unauthorized access to the users’
data.

(2) Flexible, Configurable Access and Authorization Control.
Different user types need different levels of access to the data,
especially for the specific scenario of live environmental data
monitoring such as temperature and humidity. Therefore,
an IoT platform should be able to grant to the users of the
Smart City environment different access profiles in terms of
ownership, security level, visibility, data polling frequency,
etc. The virtual objects used in the proposed architecture
can have three types of permissions: if “public,” the resource
can be accessible to everyone without the use of any keys;
if “private,” the resource can be accessed to the owner key
only; if “friend,” the resource can be accessed by providing
the friend-key known by the friend virtual object.

All the other security requirements can be covered by
the cloud environment which will be used to implement the
proposed architecture.

2.2. Flexibility. 'The market for IoT-enabled devices, although
in full extension, is still in the early stages of adoption.
Developers of the next generation of connected devices and
products need to rely on certain flexibility from their software
counterparts aggregating their products. For these reasons,
an IoT platform should comply with the following flexibility
rules.

(1) Networking and Device Agnosticism. Configuration
changes should not be limited to writing/changing the driver
and data format when a device is added or updated, giving
the freedom to hardware developers to constantly develop
their products without being limited by predefined settings
or compatibility issues.

(2) Device Manageability. Since a large number of smart
devices and sensors can be placed geographically at large
distances in a Smart Cities environment, the IoT platform
must incorporate means to allow the remote management of
these devices. This may include remote delivery of operating
system patches, profiles, new analytics algorithms, and key
management of parameters.

(3) Usage of Open APIs. Smart Cities inherently can generate
large data sets originating mainly from networks of devices
and sensors. Much of this data remains stored and not
analysed mostly because of its unavailability to third party
users other than the one intended for the original application.
Therefore, as a quintessential element for the Smart Cities
environment, the IoT platforms underneath should allow
access to common shareable data and as such to become a
motor for the development of innovative applications.

The proposed cloud-based architectural approach using
virtual objects decoupled from the actual real-world objects
allows for the flexibility requirements to be fully imple-
mented.

2.3. Data Requirements. 10T data comes mainly from things
but also from users in the form of metadata. Smart Cities
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and IoT are more than a remote monitor of incom-
ing data, with the key concept being data intelligence
which implies some strict requirements in terms of data
(10, 11]:

(1) Flexible Data Definition Tools, Data Virtualization, and
Non-SQL Databases. New devices on an IoT platform need
to be implicitly easy to define and set up, with no limit on
the type of devices. As a consequence, there is no room for
the inherent rigidity of SQL databases and the development
lag to change the database schemes. The cloud platform to
be used for the implementation of the proposed architectures
relies on nonrigid SQL databases and flexibility in terms of
data definition.

(2) Data Scalability. The data set of an IoT platform in a
Smart City environment is predestined to grow on a fast
pace, especially when monitoring environmental data, so the
platform should have the ability to manage the warehouse
of data using culling and archiviation methods, preferably in
a fully automated manner. Data scalability for the proposed
IoT platform is achieved by using cloud-based implementa-
tion.

(3) Component Reusability. In a Smart City environment,
even though the incoming data may come from a variety
of sources depending on the various application scenarios,
the usage of this data is often very similar. Therefore, an
IoT platform should allow at a large extent the reuse of the
created components with minor adaptations. The proposed
solution, through its layered architecture, gives the devel-
opers the possibility of building templates of objects and
services available also to other uses different from the current
one.

3. IoT Architecture for a Sustainable
Tourism Application

As mentioned in the Introduction, the goal of our work is
to present an IoT architecture for the specific Smart City
scenario dedicated to the sustainable management of the
tourist flow in the urban environment of Cagliari. To support
the deployment of major applications, such as the efficiency
of urban operations and services and the sustainable tourism,
and to satisty their quality requirements, an IoT architecture
and its implementation as an IoT platform need to be able to
address the previously listed requirements. To deal with these
stringent requirements, we envision that, through the use of
virtualization technologies, every real-world object partici-
pating to the Smart City, from smartphones to traffic lights
and sensors, is associated with its virtual counterpart in the
cloud. Associating a digital counterpart to physical objects
is a common practice in the latest IoT research activities
[12,13], since through virtualization the physical devices gain
augmented capabilities and are able to [12] (i) fully describe
their characteristics with semantic technologies and then be
able to interact with other virtual objects; (ii) identify, analyse,
and manage the context related to an object surroundings
and take decision accordingly; (iii) simplify the search and
discovery of services and devices, which continuously join,
move, and leave the network.

3.1. Proposed Architecture. The main purpose behind the
proposed architecture, shown in Figure 1, is to activate the
data-stream from IoT objects when needed. These data-
streams are continuously processed to support end-users/ICT
applications, with a set of procedures monitoring the context
and producing alerts when particular conditions are met.
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The proposed IoT platform foresees a four-level archi-
tecture: the highest level is the Application Layer in which
user-oriented macroservices are deployed; the Service Layer
is responsible for receiving the service requests and mapping
them to the atomic services available in the lower layer; this
layer is the Virtualization Layer, which interfaces directly
with the real world and enhances objects’ functionalities;
the last level is the Real-World Layer, containing the real
physical devices of the Smart City. Two additional cross-
layers are needed to manage the quality requirements of
the applications and to ensure that every communication
takes place in a trustworthy and secure way, according to the
previously listed requirements.

Even if this architecture is at the beginning of its imple-
mentation, we are moving towards implementation using
Platform as a Service (PaaS) features, since they provide the
tools needed to develop, run, and manage web applications,
such as the execution containers of web services and related
databases for data storage (see the Virtualization Layer
subsection).

This approach has manifold motivations: (i) it enables
objects to “speak” the same language at virtual level; (ii) it
enhances the search and service discovery; (iii) it decouples
the service requests and the actual IoT objects which satisfy
the request; and (iv) it offers personalized experience to users
based on their own needs and traits.

In the following paragraphs, we describe in detail the
layers proposed for the architecture.

(1) Application Layer. At this level, user applications are
responsible for final processing and presentation of the
results. Deployment and execution of application make use
of one or more services. An application at this level shows a
back-end interface to the underlying layers. Additionally,
applications can show a front-end interface so that requests
can be triggered by users or by the objects themselves. A
user interface is provided for the interaction with the system;
however, in this case, the requests need to be translated in a
language understandable by the platform.

(2) Service Layer. This layer is responsible for the analysis
of the service requests generated by the application in the
above layer and to enhance this request with a range of
facts concerning the human user, including user context,
profile, preferences, and policies. Each service request con-
tains a semantic description of the input and of the desired
output.

In particular, the Service Request Analysis (SRA) receives
the query and asks for the retrieval of the current situation in
which the query is performed. Moreover, it must be able to
reuse the output of a previous request to respond to requests
that present the same inputs and similar user information in
order to reduce the burden on the Virtualization Layer and
save redundant data requests.

The user characterization provides all the information
associated with the user or the user’s object which made the
query. This block comprises cognitive functionalities to build
user-related knowledge and act on behalf of the user when
needed. This is an important component in our platform
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because many applications in a Smart City scenario, such
as the one for sustainable tourism, are characterized by
personal choices: requests coming from different users can
have different solutions.

However, user characterization is only related to static
user information, so a Context Awareness block is needed to
detect, recognize, classify, and act upon the particular situa-
tion the user is involved in. A tourist looking for a museum to
visit can receive different recommendations based on the time
of day, the distance from different museums, or the number
of people in the queue waiting to visit it.

All the collected information is then forwarded to the
Decomposer. This block has to decide which atomic tasks
(sensing, actuation, and computational) compose the query
in order for the Virtualization Layer to be able to search for
the right objects through the activation of subqueries.

(3) Virtualization Layer. The Virtualization Layer is where the
virtual counterpart of the physical objects, namely, the virtual
objects (VOs), reside. VOs are digital representations of the
service(s) of any entity in the IoT, which are usually described
in terms of semantics. VOs are implemented as web services
and each of them as a related database for the data storage of
the information sent by the physical counterpart.

Moreover, at this layer, the physical objects are enhanced
with capabilities which enable them to perform operations
otherwise hampered on real objects. Traffic lights, proximity
sensors, and road cameras can communicate without any
problem at this level even if they all use different communica-
tion technologies: simple technologies, such as RFID tags and
NEFC, can be attached to Points of Interest (POIs) to enhance
the visiting experience of tourists by interpreting information
about the environment and making choices accordingly, in
order to push information to users via smartphones or tablets
when necessary [14].

The core of this layer is represented by the Virtual Object
Execution Space (VOES), where all the instances of VOs run.
In fact, whenever a new object is detected, based on the
information it provides about its resources and functionali-
ties, it is associated with a new virtual object instance in the
VOES. This instance is chosen among the possible VO models
from a template repository which matches the physical device
information. The VO model includes objects’ characteristics;
objects’ location; resources, services, and quality parameters
provided by objects.

Every VO is composed of two parts: on one side, it
interfaces with the physical object it is associated with. This
way it is possible to introduce a standardized communication
procedure between the platform and the extremely variegate
set of physical devices, so that the VO can switch among
multiple communication channels, such as HT'TP (Hypertext
Transfer Protocol) or CoAP (Constrained Application Proto-
col) based on the situations. On the other side, the VO is able
to communicate with the other VOs in the VOES through the
use of a common semantic.

Thanks to this, heterogeneous objects become interoper-
able at the virtual level, even if they are not at the real-world
level, since all the VOs “speak” the same language regardless
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of the properties of their physical counterparts. Moreover,
since all the data provided by objects are indexed making use
of a common language, the discovery of services is simpli-
fied.

The metadata about each of the active VOs is maintained
in the VO registry, which stores the semantically enriched
data that are used for the description of the VOs, in order for
them to be available anytime from anywhere.

Whenever the Search and Discovery Engine receives a
request from the upper layer to find one or more services,
this request is matched into VO template names for which VO
instances are searched. This module then performs a search
in the VO registry in order to discover potentially available
and relevant VO instances of the requested VO template
names.

(4) Real-World Object Layer. The lowest level of the proposed
architecture is made up of real-world objects (RWOs). A
RWO can be any entity in the physical domain, human
or lifeless, static or mobile, solid or intangible, which is
represented in the virtual world through the use of ICT
objects. The capabilities and functions of these devices are
then described in the Virtualization Layer in terms of sensors,
actuators, and resources exposed to the other VOs in the
system.

(5) Trust and Security Engine. This layer focuses on the imple-
mentation of appropriate security procedures to guarantee
reliable communication at every layer. For example, at the
Application Layer, it determines the level of access of the
apps that generated the requests and grant access accordingly;
at the Virtualization Layer, it has to understand how the
information provided by the VOs has to be processed in order
to ensure that the resources obtained are trustworthy.

(6) QoE/QoS Manager. Quality management is particularly
problematic in IoT scenarios due to heterogeneity and
mobility issues. The proposed architecture addresses these
issues due to the adoption of the VOs; however, a quality
manager is still needed to assure that the overall acceptability
of applications and services is guaranteed, considering both
end-to-end communication requirements (QoS) and the
users’ expectations (QoE).

4. Use Case

In this section, we analyse how the IoT platform previously
described can be used to implement a Smart City scenario
specific for the sustainable movement of tourists in the city
of Cagliari. The scenario considered in this paper is that of
cruise tourists that arrive in Cagliari and have just a few hours
to visit the city. The tourists wish to visit some of the city’s
POIs, in the limited time available before the cruise leaves.
For this purpose, we suppose tourists are provided with a
smartphone/tablet app where they are able to specify which
POIs they wish to visit. The objective is to visit all the desired
POIs in the shortest time possible. We detected two main
elements that can cause delays to the tourists: (i) choosing the
wrong mode of transport to get to the POI and (ii) getting
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to the POI at the wrong time, when a longer queue time is
expected.

For this specific use case, we assume to have sensors
placed at each POIs entrance (for those that have one,
excluding, e.g., statues, squares), to measure queue waiting
time. These sensors, to be physically implemented in the next
phase of this work, are virtualized by the Virtualization Layer,
so that they are easily interoperable with all the objects that
participate to the proposed architecture. Data gathered by
the queue sensors is sent to the Service Layer and processed
to infer a queue model that associates times of the day
to queue waiting times, for the POI under examination.
This association is necessary in order to have an estimate
queue waiting time at the beginning of the route planning
operations.

In our use case, we consider a model based on the mean
value of queue waiting times with reference to each time of
the day and POL.

Based on the current and expected queue waiting time
and on the time needed to get to the POI either by public
transport or walking, the optimal route to visit all the selected
POIs will be recommended to the tourist.

(1) The Tourist Route Planning Problem. The optimisation
problem solved by the application is a typical Travelling
Salesman Problem (T'SP) [12]: the tourist is given an optimal
route where he/she visits each POI only once, minimizing a
cost that, in this use case, is considered to be the sum of the
time wasted to get to the POI and on the queue.

Given a complete digraph &(N, E) where N is the set of
nodes and E is the set of edges, we associate node i = 0 to the
tourist starting point and node i = {1,..., n} to each POI that
the tourist wants to visit. For each edge, we introduce a logical
variable x;j; = {0, 1} that equals 1 if the tourist goes from POI
i to POI j at time step k. Analogously, we introduce a logical
variable y;. = {0, 1} that equals 1 if the tourist is visiting POI
i at time step k.

The cost to get from POl i to POI j at time step k is defined

as
_path queue

Gjk = Gk TSk > 1

where cgith is the time needed to go from POI i to POI j at

time step k and depends on the mode of transport used; c]‘.l; e
is the time spent on the queue at POI j at time step k.
The tourist starts from the starting point i = 0. Therefore,

it is necessary that

Yoo = 1. (2)

Furthermore, the tourist visits each POI exactly once. This
is expressed as

M=

ya =1 VieN\{0}. (3)

>~
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Finally, if the tourist visits POI i at time step k, then he/she
has to leave it at time step (k + 1):

ijik:yik Vie N\ {0}, ke{l,...,K},
JEN
(4)
Y Xjgey =ya VieN, ke{0,...,K-1}.
jeN

Summarizing, the problem to be solved can be formalized
as follows:

K
min Z Z Zc,-jkxijk

iEN jeN\{0} k=1

St. Yoo =1
K
Y k=1 VieN\{0} )
k=1
Y Xjp=ya VieN\{0}, ke{l,...,K}
jeN

inj(k-f-l):yik ViEN, kE{O,...,K—l}.
JEN

The problem described by (5) is a binary programming
problem, which can be solved using a branch-and-bound
algorithm. This type of problem is NP-hard; that is, its
complexity scales exponentially with the number of variables
(14]. In our case, the number of variables is given by [x;; | +
|vil, with i, j € N and k = {1,...,K}. Considering that at
each time step the tourist visits one of the POIs, K = N
time steps are needed to visit all the POIs. Therefore, problem
(5) complexity is proportional to 2NN, Although it can
appear high demanding for the computational resources
involved, it has to be noted that this is just an upper bound
that is rarely reached. Furthermore, it needs to be considered
that the tourist has a limited amount of time to spend in the
city, so he/she can only visit a low number of POIs. Never-
theless, should the problem still be considered too complex,
heuristic techniques such as genetic algorithms or swarm
intelligence may be used for the subsequent implementation
of the entire system, planned in the next phase of this work.

The pseudocode of the Tourist Route Planning Problem
described in this subsection is provided by Algorithm 1.

5. Simulations

The use case described in Section 4 has been tested by means
of a Python code implemented in the Service Layer of the
previously presented architecture. We opted for our own
implementation using Python and not for the free tools
offered by Google Maps and Bing Maps APIs because of the
usage limitations of these solutions.

We considered 67 of the main POIs belonging to the
city of Cagliari, including churches, museums, monuments,
gardens, towers, and historic buildings. Each tourist can
select from 2 to 8 POIs, which can be reached either by bus
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1: For i in POI list then

2: For j in POL list then

3 For k in range(1, POI_number) then

4 For m in transp_mode_list then

5: Retrieve path_time_ijk([m]

6: End For

7 path_cost[i, j, k] = min(path_time_ijk)
8: queue_cost[ j, k] = retrieve queue_time_jk
9: Compute cost([i, j, k] according to eq. (1)
10: End For

11:  End For

12: End For

13: Find all opt_route that solve eq. (5)

15: If there is more than 1 opt_route then

16:  Assign opt_route to the one that corresponds to
the shortest path

18: End If

ALGORITHM I: Tourist route planning problem.

or walking: each transportation mode represents a different
cost, expressed in number of minutes.

To test the behaviour of the application, the POIs have
been selected randomly from the map. The starting point is
set to the port of Cagliari. In order to evaluate the cost to
get from one POI to the other, the Google Maps APIs have
been used in an initial phase. The queue waiting times c;
have been set randomly from 0 to 30 minutes. To compute
the right time step k at which the cost value ¢;; has to be
computed, we also considered the time spent by users at
each POI, supposing that they need an average of 45 minutes
to visit each POL The results obtained using the proposed
application, called TRAPP hereinafter, have been compared
to the following approaches:

(i) Minimization of the time spent to reach the POIs
(called MIN PATH), without taking into considera-
tion the time spent on the queue: this is the typical
behaviour of common route planning apps that are
not enhanced by an IoT platform.

(ii) Moving to the next closest POI using the bus when-
ever possible (called ONLY BUY): this is the typical
behaviour of a tourist who does not feel like walking.

(iii) Walking to the next closest POI (called ONLY
WALK): this is the typical behaviour of a tourist who
does not feel like wasting time either waiting for the
bus or on the wrong bus line or finding the right bus
stop.

Figure 2 shows the mean time values of the overall
time spent to get to the POIs and on the queue, the only
time spent to get to POlIs, and the only time spent on the
queue, for the four approaches described above, for different
numbers of POIs. Focusing on the overall wasted time,
TRAPP outperforms all the compared approaches, enabling
to save up to 21% with respect to MIN PATH, up to 44% with
respect to ONLY BUS, and up to 55% with respect to ONLY
WALK.



Urban and Rural Tourism Strategies in Sustainability

400

350
300 -
250

200 | »

Overall wasted time (min)
<>

Number of POIs
—%— TRAPP ONLY BUS
-©- MIN PATH ¢-- ONLY WALK

()
140

91

250
200 +
— _(5"
=l
E 150 +
S 100 O -4
£ o
RS /0/,
so0f o0 =D
TS ‘,("j— _____ B-
&=
0 I
2 3 4 5 6 7 8
Number of POIs
—— TRAPP ONLY BUS
-6- MIN PATH ¢-- ONLY WALK

(®)

Queue cost (min)

o o S o
3 3 3 S
T

'
[}
T

Number of POIs

—%— TRAPP
-o- MIN PATH

ONLY BUS
-+ ONLY WALK

FIGURE 2: Mean time values for the overall wasted time, path cost, and queue cost for different numbers of POIs.

It has to be noted that, with reference to the queue cost,
ONLY BUS and ONLY WALK approaches have the exact
same values. This is because in both cases tourists’ sequence
of visited POIs is the same, as they are moving from one
POI to the closest one, but using a different way to reach
it.

It is interesting to note that, according to Figure 3, using
TRAPDP, the tourists’ ratio between the distance covered by
bus and the total distance is similar to that of MIN PATH
when the number of POIs is low, but it gets closer to that
of ONLY BUS when the number of POIs considered gets
higher. Recall that ONLY BUS ratio is not 100% because it
takes into account the distance covered by the tourist to get
to bus stops and, in addition to that, sometimes there is no
bus line between two POIs. On average, by using TRAPP, the
tourist walks 44% of the time.

Cruise tourists usually spend from 6 to 9 hours in
Cagliari. Considering this limited amount of time, tourists’
satisfaction is higher if they are able to visit all the POIs they
have planned to see. Accordingly, we define a satisfaction level
given by the ratio between the number of POIs actually visited
and the number of POIs that was planned to visit. Figure 4
shows the average tourist satisfaction level of visiting 8 POIs,
considering an overall available time of 9 hours, supposing
that they spend, on average, 45 minutes to visit each POL

6. Conclusions

This paper proposes an IoT architecture for a sustainable
tourism application in a Smart City scenario. The proposed
architecture is tailored for the use case of an application for
sustainable tourism. The presented IoT architecture is based
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FIGURE 4: Average tourist satisfaction level to visit 8 POIs, for an
overall available time of 9 hours.

on a specific set of requirements and can be implemented
using a cloud-based IoT platform. The actual implementation
is ongoing and is preceded by the proposed implementation
of a specific use case for sustainable movement of cruise
tourists that arrive by sea in the city of Cagliari, Italy, and
have just a few hours to visit the city. The simulation of the
presented use case includes a set of 67 POIs, information
about the waiting times at the POIs, and transport informa-
tion (walking and bus times and distances).

The simulation results evaluate the mean time values of
the overall wasted time, the time wasted to get to POlIs, the
time wasted waiting on the queue, the distances covered by
bus or walking, and the average tourist satisfaction level.
The results showed that, with reference to other approaches,
the proposed application enables tourists to save up to 55%
of their time, with a satisfaction level up to 27% higher.
Furthermore, the distance covered by bus rather than walking
is comparable to that of the approach where tourists chose to
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use bus whenever possible, particularly for higher number of
POls.

Based on these encouraging first results, we already
started the implementation of the proposed IoT architecture
on a cloud-based IoT platform. The future work includes the
completion of the implementation activities, the deployment
of the virtual objects, including the queue and traffic sensors,
and the introduction of new constraints to improve the
Tourist Route Planning Problem (e.g., considering other
modes of transport, user profiling, clustering techniques, and
different weights of the cost elements of the problem, based
on user preferences).
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Ecological degradation is an escalating global threat. Increasingly, people are expressing awareness and priority for concerns
about environmental problems surrounding them. Environmental protection issues are highlighted. An appropriate information
technology tool, the growing popular social network system (virtual community, VC), facilitates public education and engagement
with applications for existent problems effectively. Particularly, the exploration of related involvement behavior of VC member
engagement is an interesting topic. Nevertheless, member engagement processes comprise interrelated sub-processes that reflect
an interactive experience within VCs as well as the value co-creation model. To address the top-focused ecotourism VCs, this
study presents an application of a hybrid expert-based ISM model and DEMATEL model based on multi-criteria decision making
tools to investigate the complex multidimensional and dynamic nature of member engagement. Our research findings provide
insightful managerial implications and suggest that the viral marketing of ecotourism protection is concerned with practitioners

and academicians alike.

1. Introduction

This section includes the engagement behavior for a virtual
community, the importance of environmental concerns, and
our research objectives and problems.

As information technology (IT) advances, the words
“community” and “network” are commonly referred to as
“virtual community, VC” VC sites formed by the internet
offer users the ability to interact with others and exchange
information and knowledge of the environment. Various
social networking sites are emerging to attract a large number
of users to participate in discussions on current issues and
trends. Previous studies that indicate the factors that will
affect user interest to use social networking sites are mainly
focused on their initial beliefs (perceived usefulness and ease
of use) as well as the attitudes to explore ideas for their use.

Chen [1] claimed that the concept of community network
originated from Barnes [2]: an anthropologist discovered
the concept from an investigation of the social structure
of a Norwegian fishing village. One cannot clearly explain
the actual operations of a fishing village by looking at the
formal role of social structure, such as identity or status.
Instead, one can explain the interactions in a fishing village
from looking at the informal role of social structure, such
as friends and relatives and how they organize and impact
an internal social network. Mitchell [3] argued that social
networks show the interrelationship among individuals of a
particular society. Pattison [4] believed that social networks
are a social organization that collectively gather from the
interrelationship among individuals and organizations. Chan
et al. [5] claimed that individual behavior and attitudes
demonstrate that a particular environment was influenced
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by the interconnections with other individuals in that
social environment. The network connects nodes and nodes
together form the structure. The nodes can be individuals,
teams, or organizations [6], and its overall structure describes
social behavior.

In recent years, development of VC websites has grown
rapidly. The use of social networking and their fast growth
have become an important trend. According to the Business
Next [7] survey of the top 100 Taiwan websites, 25 community
sites were selected among to represent 25% of the overall list.
After the financial crises 0of 2008, the VC website development
seems to be the most promising and popular business model
or trend. This trend is buttressed by social networking sites
and microblogs, such as Facebook, Twitter, and Plurk. Users
from US President Barack Obama, former GE chief executive
Jack Welch, to Dell Computer and Starbucks Coffee, are
utilizing this trend [8]. According to a survey by ComScore
[9], the number of VC websites has grown at an amazing rate.

How will social networking sites grow to replace other
types of sites, such as shopping sites and search engine
websites, as users actively become more involved with these
activities? Here are some important reasons. (1) Social net-
working sites bring interpersonal relationships into virtual
situations; (2) they create more opportunities for human
interaction and real-time sharing of personal information
such as pictures, videos, and interactive games; and (3) users
can create their own program to share many features that
will meet their social, leisure, and entertainment needs. Thus,
social networking sites successfully win user interest, which
makes it a popular site type. They attract many users in
VCs to share information and emotional communication.
This free, open yet with hidden features communication
platform has led various “internet communities” to spread
[10]. Ecotourism and environmental concern communities
have sprung up as a result.

Increasingly, the ecological degradation problems are
highlighted and environmental protection issues have
emerged from social networking sites to express awareness
and priority concerns. One of the greatest challenges for
sustainable ecotourism is to encourage visitors to act in
ways that minimize environmental and experiential impact.
This is the case for protected areas where the environment
is often fragile and mindful and engaging experiences are
sought. Previous research shows that all types of recreational
activities can cause environmental damage, even at low use
levels [11,12] and visitor behavior and density levels influence
the quality of visitor experiences [13].

Protected area managers employ a suite of strategies to
address visitor problems, though for reasons of expediency,
cost, and efliciency, education is the preferred and dominant
visitor management worldwide [14-16]. As Ham and Weiler
[17] pointed out, interpretation is ultimately aimed at com-
municating messages about a place and, in some instances,
the persuasion of people to behave in ways that are consistent
with the protected values. Therefore, a better understanding
for how visitors think and what factors determine their
behavior could contribute to better achieve managerial goals.
Given these reasons, we explore the behaviors that are
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amenable to persuasive influence and how to tap into the
relevant thoughts held by visitors about particular actions.

This study is aimed at the most popular social networking
sites related to ecotourism issues (ecotourism VCs). We
use the technology acceptance model (TAM) proposed by
Davis et al. [18] to study IT user intention and behavior to
investigate the participation of members of a virtual environ-
mental protection community. Simultaneously, the quality
of information and system from the virtual sites to achieve
user information and system satisfaction are explored as
well as the correlation between user attitude and willingness.
In summary, information and system quality, satisfaction,
perceived usefulness, and ease of use are discussed. The afore-
mentioned factors affect VC member attitudes, intentions,
and participation results. The four research objectives of this
study are as follows: (1) integrate two major IT successes
related research streams, namely, technology acceptance and
user satisfaction; (2) explore the dynamics among object-
oriented beliefs and attitudes, behavioral beliefs and attitudes,
as well as engagement behavior; (3) investigate the interactive
and co-creation value behavior of environmental protection
VG; and (4) suggest effective strategies for the promotion of
environmental protection issues.

This study determines the motivations and objectives. The
remainder of this paper is organized as follows: Section 2
looks at related literature on VC marketing of ecotourism
concerns. Section 3 looks at techniques used and establishes
our study framework and decisions for the appropriate
research methodology. Section 4 looks at our online ques-
tionnaires for an empirical case study that was distributed and
analyzed with statistical software and a series of techniques.
Section 5 shows our findings and the managerial implica-
tions are described. Section 6 is our conclusions and future
research directions offered.

2. Literature Review

This section describes the relevant literature, including sus-
tainable ecotourism, social network sites and VCs, and related
technology acceptance.

The first mention of ecotourism in the English-language
academic literature was by Romeril [19]. In the 1990s, the
tourism industry realized the profit potential of ecotourism
and the suffix “eco” was used by travel agents for mar-
keting. Eventually, ecotourism organizations, such as the
International Ecotourism Society (TIES) and the Ecotourism
Society (TES), were formed [20]. While some may use
the term “ecotourism” as being synonymous with “nature
tourism,” “adventure tourism,” “responsible tourism,” “eth-
ical tourism,” and “green tourism;” ecotourism does have
specific characteristics that differentiate it from these other
segments in the tourism industry. A subset of sustainable
tourism (tourism that actively reduces the negative impact
of tourism), ecotourism is defined by TIES as “responsible
travel to natural areas that conserves the environment and
improves the welfare of local people” [21, 22]. Additionally,
ecotourism should build a constituency to promote conserva-
tion and provide an impetus for private conservation efforts.
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Under these circumstances, conservation benefits can extend
beyond the immediate experience of an ecotourism venture,
as ecotourists become active advocates for conservation in the
area visited as well as at home [23].

Ecotourism has been identified as a growing niche market
for years. According to the World Resources Institute, while
tourism grew by 4% in the early 1990s, “nature travel” grew at
arate between 10 and 30% [24]. World Tourism Organization
estimates show global spending on the more narrowly defined
ecotourism market increasing at a rate of 20% per year, about
five times the rate for tourism [24]. However, more striking
than this growth is the identification of ecotourism by its
advocates as part of an ethical lifestyle (a form of life politics).
Particularly, the idea, ecological degradation, is an escalating
global threat. Increasingly, the worldwide awareness and con-
cern expressed regarding the environmental problems that
surround them. The concern for environmental issues focuses
on education as to improve environmental behavior [25] and
to study behavior as it relates to remediation of environmental
issues. Thus, one way experts can promote environmental
improvement through mediators is to examine the link
between educational intervention and responsible behavioral
change [25]. It is believed that environmental education is
linked to environmental behavior. From this, environmental
education leads to greater awareness and attitude change that
improves environmental protection behavior. Such behavior
was successful to change pro-environmental intention and
actions that presented as credible environmental information
as well as to become actively involved participants in sus-
tainable ecotourism. Sustainable ecotourism has been widely
researched in various fields, such as the related literature [26-
32].

Some of the latest research on ecotourism, such as
analyses on the relationships among tourism [33]; the mea-
surement of sustainable tourism development indicators and
developing standards associated [34]; and issues regarding
zoos as a morally acceptable form of ecotourism [35]. Our
study explores related ecotourism involvement behavior for
VC members.

Social networking sites have gained important and vigor-
ous development, most notably Facebook, MySpace, Plurk,
and Twitter. The formation of virtual communities from
the related literature [36] is an important research area.
There were prior studies done regarding social networks.
First, House et al. [37] had pointed out that social networks
can be divided into two parts: structure and process. As
for the structure, they may include social integration and
network structure. Yeh and Luo [38] indicated that online
dating patterns were similar to the real world. Existent real
social networks influenced the formation and development
of online communities. Boyd and Ellison [39] claimed that
social network sites provided the following functional char-
acteristics: (1) construct a public or semipublic profile within
a bounded system; (2) articulated a list of other users with
whom they share a connection; and (3) view and traverse
their list of connections and those made by others within
the system. Xia and Bu [40] described the topic in social
network analysis; community detection can help us discover
the network properties shared by its members. The VC was
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widely used for purposes of collaborative recommendation
[41], knowledge sharing [42-44], and online market research
[45, 46]. Although the nature and nomenclature of these
connections may vary from site to site, professional VCs
provide spaces that allow domain experts to interact, to assist
in the creation, and to share tacit knowledge with the goal of
becoming an intelligent enterprise [47-49].

The related technology acceptance literature includes the
theory of reasoned action (TRA), theory of planned behavior
(TPB), and the technology acceptance model (TAM). TRA
was improved by Fishbein and Ajzen [50] and was based on
social psychology theory that was widely and successtully
applied in various disciplines. TRA states that behavioral
intentions to perform a specific behavior predict, explain,
or influence actual performance of the said behavior. TPB
predicts deliberate behavior based on the assumption that
behavior is deliberative and planned [51]. TPB suggests that
behavior is determined by intention to perform the behavior
and that this intention is, in turn, a function of attitude
toward the behavior and subjective norm. TAM proposed by
Davis et al. [18] studied the idea of IT user intention and
behavior. This model is one of the most acceptable models
in the investigation of IT related behaviors. It encompassed
Web 2.0 technology focused subjects [52] and recognized two
primary principles: “Perceived Usefulness” and “Perceived
Ease of Use,” which are major predictors of user attitude and
complete emotional reaction for usage.

3. Methods and Materials

3.1. Information System Success Model. In the system man-
agement area, a crucial topic is to successfully implement
an information system (IS) into an organization. An IS was
used to enhance a business to create competitive advantage
[53]; however, IS of IT will result in failure if it not accepted
by its users. Therefore, the evaluation of success of an IS
success model (ISSM) has been an important subject to
organizations.

DeLone and McLean [54] proposed a successful IS model
that indicated the factors that influenced successful IS is
comprised of six parts: (1) system quality, (2) information
quality, (3) use, (4) user satisfaction, (5) individual impact,
and (6) organizational impact. They showed that system and
information quality affects the level of use and user satisfac-
tion as well as the level of use to positively or negatively affect
user satisfaction. In additional, use level and user satisfaction
will affect individuals and organizations. Pitt et al. [55] has
added another factor “service quality” in addition to the six
listed above. They demonstrate that service quality along
with system quality and information quality together affected
the use and user satisfaction levels. DeLone and McLean
[56] later augmented this revised successful IS model. The
revised model additionally added service quality as well as
including system quality, information quality, service quality,
user intention, user satisfaction, and net benefit.

The literature on user satisfaction indicates that IS char-
acters were core factors, such as system quality, information
quality, and service quality in a successful IS model as well as
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higher order and overall expectancy disconfirmation in the
post-acceptance model (PAM) [54, 57]. Bhattacherjee [57]
proposed that PAM should be combined with expectancy
disconfirmation theory (EDT) and TAM to better investigate
user intentions for continual use IS. Furthermore, user
satisfaction was regarded as the attitude toward a particular
IS, whereas, it should be considered as an object-oriented
attitude [58, 59]. This opinion is indicated by various satisfac-
tion correspondence measurements that have adopted system
character-oriented measures [60-62].

System characters affect the beliefs and attitudes toward
the system itself. Along with behavior beliefs and attitudes as
media, they manipulated final use behavior of the system. For
example, the perceived reliability of an e-commerce website
cannot directly control the use of that website. Nevertheless,
it can affect his/her attitude (satisfaction) toward that website
and, then, buttress the beliefs (i.e., ease of use) and attitude
to use it, and, eventually, the use behavior. Wixom and
Todd [59] effectively partitioned and empirically supported
the relationship of object-oriented beliefs, object-oriented
attitude, behavior beliefs, and behavior attitude based on the
expectancy-value theory and the correspondence principle.

3.2. The Delphi Method. The Delphi method is a research
technique that is used to address complex problems by
using a structured communication process of a panel of
experts [63] to forecast, make decisions, and solve complex
problems. With objective application of the Delphi method,
we explore creative ideas and produce valuable information.
Knowledge collected during the Delphi study is synthesized
and distilled from the use of a series of questionnaires.
Responses to questionnaires were collected on site and were
reviewed directly [64]. A few of the features of the Delphi
method include: (1) rapid consensus, (2) participants can
reside anywhere, (3) coverage of wide range of expertise, and
(4) avoid groupthink. The limitations of the Delphi method
include: (1) cross impact neglected in the original form, (2)
does not cope well with paradigm shifts, and (3) success of the
method depends on the quality of the participants. Delphi has
been applied to various issues, such as to forecast a specific
and single-dimension future issue, consensus building, and
avoidance of groupthink and to generate creative ideas [63].
The features of the Delphi method provide comprehensive
expert opinion and much needed objective consensus.

The latest research on ecotourism uses the Delphi
method. For example, they analyze the relationships among
tourism [33] and developed a point evaluation system for
ecotourism destinations [65]. This study thus uses the Delphi
method to analyze VC for eco-travel expert consensus.

In the standard Delphi method, several experts are
consulted for estimations of a project or to prognosticate it.
The process of Delphi method is described as follows.

(1) A project manager prepares a description of the
project, in that the individual partial products are
listed and prepared on a job form.

(2) The project manager presents the goals of the overall
project and distributes copies of the job form to each
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expert; however, it does not take place of a discussion
of the estimations.

(3) Each expert estimates the work packages contained in
the job form; there is no cooperation between experts.

(4) All job forms are collected and evaluated by the
project manager.

(5) If serious discrepancies result, then these are com-
mented on by the project manager uniformly on all
job forms as regard to the deviation. Each job form is
then returned to its original editor,

(6) The experts consider their estimations as a function
of the comments.

(7) The described loop repeats itself until the estimations
independently (in a range of tolerance) consent to
adjustment.

(8) The average values are calculated and presented by all
estimations as the final estimation.

3.3. The ISM Method. Warfield [66, 67] first proposed
interpretive structural modeling (ISM) to analyze complex
socioeconomic systems. It is a process that helps individuals
or groups to structure domain knowledge into a model
of interrelationships to enhance the understanding of its
complexity. The result of the ISM process is represented
by a graph that shows the directed relationships as well
as hierarchical levels of elements within the system under
consideration. A few features of the ISM method include: (1)
incorporating the subjective judgments and the knowledge
base of experts systematically, (2) to provide ample opportu-
nity for revision of judgments, and (3) computational efforts
involved are far less for criteria ranging from 10 to 15 numbers
as well as used as a handy tool for real-life applications
[68]. The limitations of the ISM method include: (1) the
contextual relation among the variables always depends on
user knowledge and familiarity with the firm, its operations,
and its industry; (2) the bias of the judgment variables
influence the final result; (3) ISM acts as a tool to impose
order and direction on the complexity of relationships among
the variables; and (4) there is no weight associated with the
variables [69]. ISM has been widely applied in various fields,
such as supply chains [70], balanced scorecard [71], success
factors [72], product design [73], and risk analysis [74]. The
ISM method can transform nebulous thoughts and ideas into
an intuitive model of structural relationships to understand
the relationship between the variables.

The computational processes in the ISM method are
described in the following steps.

(1) Identification of elements through research (e.g.,
literature review) or expert opinion (e.g., Delphi or
brainstorming).

(2) Specification of contextual relationship depends on
the objective and nature of the case.

(3) Construction of a structural self-interaction matrix
(SSIM) in four types of possible relationships between
the elements (a & b).
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Identification of

Literature review
elements

Establish contextual
relationships between
elements

Expert opinion

Develop a structural Develop the initial

self-interaction reachability matrix
matrix (SSIM) (RM)
Develop digraph and Check transitivity of
model of ISM the RM

F1GURE 1: Flow diagram for implementing ISM.

(4) Transformation of SSIM into an initial reachability
matrix (RM) in the rules for the substitution of 1s and
0s.

(5) Checking the initial RM for transitivity.
(6) Partitioning levels of the final RM.
(7) Building ISM digraph and model.

The ISM is generated by replacing all element numbers
with the actual element description. Finally, the ISM gives
a clear picture of the relationships among the system of
elements. Conclusively, Figure 1 shows the above steps of the
ISM method. Furthermore, the details of ISM method can be
referred to the Warfield [66, 67] for the limited space.

3.4. The DEMATEL Method. The decision making trail and
evaluation laboratory (DEMATEL) method is a mathematical
procedure originated from the Geneva Research Centre of the
Battelle Memorial Institute designed to deal with important
issues of world societies [75, 76]. The DEMATEL possesses
some excellent features. For example, it is based on matrices
that represent the contextual relation as well as strength of
influence of the elements for the target system. It converts the
cause-effect relationship of elements into visible structural
models. With its practical benefits, the DEMATEL has been
widely applied in various fields, such as marketing [77, 78],
education [79, 80], investment [81], supply chain manage-
ment [82, 83], smart phone [84], and influential factors [85].
The DEMATEL method has advantages that help researchers
better understand the nature of the problem.

Mathematically, the procedures of DEMATEL are nar-
rated step-by-step as follows.

Step 1. Generate the initial direct-relation matrix. Acquire
the assessments about direct affect between each pair of
elements from experts. The pair-wise comparison designated
by four levels: 0, 1, 2, and 3 to represent “No influence,
“Low influence,” “High influence,” and “Very high influence,”
respectively. The initial direct-relation matrix A isa n x n
matrix, in which a; is denoted as the degree to which the

element i affects the element j is formatted as A = [a;] .
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Step 2. Normalize the initial direct-relation matrix. The
normalized direct-relation matrix X = [x;;] can be obtained
from (1) and (2).

n n
§ = max | max ai]-, max ai]- >
1£l$n].=1 IS]snizl (1)
i,je{l,2,...n},
1
N

where (1) represents the maximum values of the sums of all
the rows and the sums of all the columns and (2) represents
the normalized initial direct-relation matrix. All elements in
matrix X comply with 0 < x;; < 1 and all principal diagonal
elements are equal to 0.

Step 3. Compute the total relation matrix. After Step 2, the
total relation matrix, T, is obtained by using the following
numerical calculation:

T=X+X"++X=XxI-X)"
3)

- [xij]nxnp —

where p represents the power. Hence, when p tends to
infinity, the matrix X will converge. Furthermore, I is the
identity matrix.

Step 4. Calculate the sum of rows and columns of matrix
T. The sum of rows and the sum of columns are separately
denoted as vector D and vector R as follows:

T=[ty] . hj={L2....n},

n
D= Ztij

=0 £ ()

nx1
n
R= [Ztif] =[],
1xn

Step 5. Construct a cause-effect diagram. The cause-effect
diagram is drawn by mapping the data set of the (D+R, D—R).
The horizontal axis vector (D + R) named “prominence” is
made by adding D to R, which shows the importance of the
element. Similarly, the vertical axis (D—R) named “relation” is
made by subtracting D from R. When (D — R) is positive, the
element belongs to the cause group; otherwise, the element
belongs to the effect group [86, 87].

After calculating the means of (D + R) and (D — R), the
causal-effect diagram is divided into four quadrants, I to IV.
Elements in quadrant I have high prominence and relation
which indicates the highest interaction influence level with
other elements. Thus, they are identified as driving factors;
elements in quadrant II have low prominence but high
relation, are identified as voluntariness; elements in quadrant
III have low prominence and relation. They are relatively
disconnected from the system. The elements in quadrant IV
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have high prominence and low relation, which indicates their
importance as impacted by other elements [88]. From this
diagram, the complex interrelationship among elements is
visualized to provide valuable insight for decision making.
Especially, the DEMATEL method needs experts to decide
on a threshold value to concentrate on most important effects
from consideration in matrix T

3.5. Research Methodology. This section introduces the study
procedures, including research framework, research design,
and data collection.

3.5.1. Research Framework. Based on the above related lit-
erature review, this study organizes ISSM, TAM, TPB, and
TRA models to propose a research framework for exploring
member engagement behavior as shown in Figure 2 with 12
major dimensions. In this framework, information quality,
system quality, information satisfaction, and system satisfac-
tion are based on ISSM; usefulness, ease of use, and attitude
are related to TAM; subjective norms, perceived behavior
control, environmentally conscious behavior are constructed
from TRA; and engagement behavior, as well as engagement
consequences are involved in TRA. These dimension will be
measured by expert opinion through Delphi technique as
described later.

3.5.2. Research Design. Since members of environmental
protection VCs exert a multi-function dynamic, complex, and
value co-creation behavior, multi-criteria decision making
(MCDM) is employed to gain insights when concerned with
the relationships. This study presents ISM and DEMATEL
methods to solve real-life applications of MCDM problems,
which provide a complete understanding of the procedures
of MCDM tools. Figure 3 shows a flowchart of our proposed
method of study.

3.5.3. Data Collection. This subsection briefly elucidates
the computational processes using an empirical case study,
including case introduction, research subject definition, and
instrument development.

(1) Case Introduction. Two most popular ecotourism VCs
in Taiwan, EZTravel and LulalaTravel, are committed to
ecological and environmental protection.

First, for a constructed web site, http://eztravel.com/ was
established in January 2000 to provide a full range service
of online booking and online payments. It has total capital
of NT$218 million with 460 employees and more than 2.2
million served members (many might be tourists). It has
been the leader among domestic online travel agents in
Taiwan. It maintained sustainable rapid growth in the revenue
and has been ranked a top operating performer among
domestic tourism websites. http://eztravel.com/ has aimed
to aggressively develop differentiated fashionable products
to satisfy various demands from consumers. It enhanced
its core competitiveness to create profitability. EZTravel has
originated the following specialized tours: environmental
protection tourism, luxury tours on trains, million dollars
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around the world, tours of most of the world, international
travelers, and a variety of tours with local themes. Particularly,
environmental protection tourism has been welcomed and
focused on.

Second, LulalaTravel Company was established on
December 2005. The company has a mission to serve
younger travelers, which has originated from the China
Youth Corp. It has been expanding domestic tourist activities
legally and professionally. In April 2006, the company
established eight branch offices: Keelung City, New Taipei
City, Taichung City, Changhua County, Yunlin County,
Chiayi County, Tainan City, and Yilang County. LulalaTravel
has 32 professional operators who handle all the business
related to tourism as well as offers courses to educate
professional tour guides, military instructors, and university
staff. Thus, they created sequential training courses for the
continual education of tourism professionals. LulalaTravel
emphasizes ecotourism based on a mission from the China
Youth Corp to provide a variety of services. They have
originated many activities, such as educational group athletic
activities, mountain training, casual weekends, holiday tours,
potential development, upstream canoeing, and survival
games. During summer and winter breaks, LulalaTravel
offered various educational tasks to perform ecological
leisure activities that had incorporated ecological themes for
Taiwan.

(2) Research Subjects. Twelve professionally active members
of ecotourist VCs were invited to engage in this study, mainly
by contributing their opinions regarding the relationships
among all research variables (Figure 2) through the Delphi
process to find group consensus as input to all later related
analyses.

(3) Instrument Development. Table 1 shows the instruments
of this study as constituted by the components and their
related elements.

4. Experiment and Data Analysis

We decomposed our study framework into three models,
namely models 1-3 (Figures 4, 5, and 6) to thoroughly
investigate the dynamics of the variables identified in our
research model. Afterwards, we describe the profile of the
experts that we have interviewed; and, then, conduct ISM and
DEMATEL analyses for the three models.

4.1. Expert Profiles. We conducted a questionnaire to gather
the opinions of experts. A total of 12 eco-travel experts
participated in our questionnaire using the Delphi method.
Thus, 12 surveys were received. The survey lasted from April
2012 until May 2012. The first round of surveys was received
on April 16 2012. We compiled and summarized different
opinions from the experts and then sent them a second round
of questionnaires. After five rounds of opinion consolidation,
we received a final consensus from the experts on May
25 2012. Table 2 summarizes the demographic profile of 12
experts.
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h . Co-development Connection and emotional
Behavioral attitude Ad ! bond
System quality vocating onas
Socialising Trust and commitment
Reliability Svst
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FIGURE 2: Research framework of this study.
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FIGURE 3: Flowchart of the proposed method of the study.
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FIGURE 4: The structure of proposed model 1.
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TABLE 1: System component definitions.
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Components Definitions Elements Reference
Ell: loyalty and satisfaction
E12: empowerment
Cl: engagement consequences  The desired results of engagement behavior E13: connection and emotional [89]
bonds
El4: trust and commitment
E21: sharing
The interaction and value co-creation behavior £22: learning
C2: engagement behavior . vau v E23: co-development [89]
of community members .
E24: advocating
E25: socializing
C3: perceived behavioral An individual’s perception on the ease or
. . . — [51, 90]
control difficulty of conducting the behavior
A favorable or unfavorable evaluation of E41: object-based attitude
: atti . . . 59
C4: attitude something E42: behavioral attitude [59]
Recognizing the serious of environmental .
. . . E51: environmental concern
C5: environmentally problems, people proactively engaged in .
. . - . . E52: perceived customer [91]
Conscious Behavior recycling, saving electricity and water, and so .
effectiveness
forth
An individual’s estimate of the social pressure
Cé6: subjective norms on him/her to engage or not engage in the — [51]
target behavior
. Beliefs concerning instrumental outcomes
C7: perceived usefulness . . — [92]
associated with technology use
C8: perceived ease of use Beliefs that Fe.chnology use will be relatively - (92]
free of cognitive burden
C9: information satisfaction T[he degrf:e of favorableness with respect to the o [59]
information produced by the system
. . Th f f 1 ith h
Ca: system satisfaction e degree of favorab er.less Wlt respect to the - [59]
system and the mechanics of interaction
Cbl: completeness
Cb: information quality Desired features of the information produced Cb2: accuracy 59]

by the system

Cb3: format
Cb4: currency

Cc: system qualit . . .
Y ! Y mechanism of interaction

Desired features of the system and the

Ccl: reliability

Cc2: flexibility

Cc3: integration [59]
Cc4: accessibility

Cc5: timeliness

4.2. ISM Analysis. In ISM analysis, a four-stage approach
was used to systematically analyze. They are as follows:
(1) construct structural self-interaction matrix, (2) generate
reachability matrix, (3) partition the levels, and (4) building
the ISM model.

4.2.1. Construct Structural Self-Interaction Matrix. The first
step of ISM analysis was to perform analysis on the contextual
relationship of variables. Based on the consensus from the
expert panel, we captured the relationships in structural self-
interaction matrixes (SSIM) for models 1-3.

4.2.2. Generate Reachability Matrix. Next, the SSIM is trans-
formed into a binary matrix called initial reachability matrix
by substituting the arrows by related 1 and 0.

4.2.3. Partition the Levels. From the final reachability matrix,
the reachability set, and antecedent set for each variable were
obtained. The reachability set includes variables themselves
and others that help, while the antecedent set consists of
variables and the other variables that help. Consequently,
the intersection of these sets was derived for all variables.
The variable for which its reachability was set to equal its
intersection set is identified as the top-level variable in the
ISM hierarchy. One important feature of the top-level variable
in the hierarchy is that it does not help achieve any other
variable above its own level. Therefore, once the top-level
variable is identified, it is separated from the other variables.
The same process is repeated to find out the next level until
the level of each variable was found. Tables 3, 4 and 5 for
models 1-3, respectively, show and summarize the results for
the iteration process. Particularly, models 1, 2, and 3 show
levels of 4, 3, and 2, respectively.
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FIGURE 5: The structure of proposed model 2.
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FIGURE 6: The structure of proposed model 3.

4.2.4. Building the ISM Model. Based on the final reachability
matrix, the structural model of the proposed three models
can be generated. If there is a relationship between variable i
and j, then an arrow is drawn to connect the two points. This
graph is called a directed graph or digraph. After removing
the transitivity, the digraph is finally transformed into the
ISM-based model (Figures 7, 8, and 9) for model(s) 1-3,
respectively.

4.3. DEMATEL Analysis. As for DEMATEL analysis, the
five-stage approach was analyzed in detail and includes: (1)
obtain average matrix from experts; (2) normalize the average
matrix to get initial direct-relation matrix; (3) compute the
total relation matrix; (4) calculate the sum of rows and
columns of total relation matrix; and (5) construct the cause-
effect diagram.

4.3.1. Obtain Average Matrix from Experts. First, the assess-
ments of the direct affect between each pair of variables

Attitude toward Attitude toward
website website usage

——

Perceived ease of use

Perceived usefulness

Information
satisfaction

\

System quality

System satisfaction

Information quality

FIGURE 7: Four levels of structural model of model 1.

designated by the four levels, 0-4, are summarized as an
average matrix of models 1-3 (Tables 6, 7 and 8).
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F1GURE 8: Three levels of structural model of model 2.

Satisfaction and Connection and Trust and
Empowerment i R
loyalty emotional bond commitment
Sharing Learning Co-development Advocating Socializing

FI1GURE 9: Two levels of structural model of model 3.

4.3.2. Normalize the Average Matrix to Get Initial Direct-
Relation Matrix. The average matrix is normalized by divid-
ing all elements by the maximum values from the sums of all
rows as well as the sums of all columns. For the limited space,
only Table 9 shows the above results on the initial direct-
relation matrix of model 1.

4.3.3. Compute the Total Relation Matrix. The direct relation
matrix has further raised its power to gain a convergent total
relation matrix. For the limited space, only Table 10 shows the
above results on the total relation matrix of model 1.

4.3.4. Calculate the Sum of Rows and Columns of Total Relation
Matrix. Let vectors D and R denote the sum of rows and the
sum of columns from total relation matrix, respectively, and
then the values were obtained for models 1-3. Particularly, the
average values of (D + R) and (D — R) were taken as the axial
cross of Y (D — R) and X (D + R) in the next stage.

4.3.5. Construct the Cause-Effect Diagram. By mapping the
data set of (D + R, D — R), a casual diagram was drawn, where
X of (D + R, prominence) was made by adding D to R, and
Y of (D — R, relation) was made by subtracting D from R.

Based on the means of (D + R) and (D — R), four quadrants
were identified with their respective natures. Quadrants I
and IV are defined as strong “cause” and “effect” factors of
desired outcome, respectively. In contrast, Quadrants II and
III are defined as weak “cause” and “effect” factors for desired
outcomes, respectively. Thus, the cause-effect diagrams for
the Models 1-3 can be drawn as Figures 10, 11, and 12.

5. Results and Discussion

We explored the analytical results to mine hidden informa-
tion from our empirical case study for the research models.
The following implied study findings and implications that
suggest the management of engagement behavior that stem
from the VC are compiled. They are of value to the academics
and practitioners who focus on ecotourism community fields.

5.1. Findings

(1) Ecotourism Virtual Community Acceptance. Given its
huge investments and great impact on businesses, the evalua-
tion of information system success has gained wide attention
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TaBLE 2: The demographic variables of 12 experts.

Demographic variables (I;I\}Hfbl; Percentage
Gender
Male 5 41.7%
Female 7 58.3%
Age
Below 30 years old 3 25.0%
31~40 3 25.0%
41~50 4 33.3%
51 years old and above 2 16.7%
Educational
Certificate 2 16.7%
Bachelor 7 58.3%
Master 2 16.7%
Doctoral 1 8.3%
Experience in online tourism
Less than 5 years 2 16.7%
5-10 3 25.0%
11-15 1 8.3%
16-20 4 33.3%
21 years and above 2 16.7%
Ecotourism virtual communities
(most frequently engaged)
EZTravel 50.0%
LulalaTravel 50.0%

and involvement from academia. Traditionally, this area has
been investigated within two primary research streams: the
user satisfaction literature of ISSM (e.g., DeLone & McLean
[54]) and the technology acceptance literature of TAM (e.g.,
Davis et al. [18]). These two approaches have been developed
in parallel and have not been reconciled or integrated [59].
To bridge this gap, Wixom and Todd [59] have proposed an
integrated research model that distinguishes between object-
based beliefs and attitudes toward “the system” as well as
behavioral beliefs and attitudes toward “using the system”
and successfully links two dominant approaches. They also
emphasized the correspondence principle for accurate pre-
dictions, beliefs, and attitudes must be specified in a manner
that is consistent in time, target, and context with the behavior
of interest [50]. Namely, to predict IS acceptance behavior,
behavioral beliefs and attitudes performed better than object-
based beliefs and attitudes. In our model 1 ISM model, all
these propositions were supported well. Wixom and Todd
[59] validated our study findings.

(2) Ecotourism Virtual Community Engagement Conse-
quence. One important track of this study is customer
engagement (CE). According to Brodie et al. [89], in the
highly dynamic and interactive business environment, CE
plays a role in co-creating customer experiences that values
and receives increasing attention from business practitioners
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and academics alike. As salient evidence for this devel-
opment, Marketing Science Institute (MSI) chose CE as a
key research priority for 2010-2012. Even though most CE
research is business-oriented, this study assumed the concept
also applied to ecotourism VC context. The results of model
3 justified this point. Table 11 offers justification of the 5
fundamental propositions (FP) of CE summarized by Brodie
et al. [89] as well as evidence from this study.

(3) Ecotourism Virtual Community Engagement Behavior.
Kim and Han [91] have tested and modified the TPB by
adding two important concepts: environmental concerns
and perceived customer effectiveness, which contribute to
environmentally conscious behavior that helps to critically
predict eco-friendly consumer behaviors. This study follows
this approach in Model 2 and verifies these two constructs
exert critical driving power to impact users’ attitude toward
the website as well as its usage. Besides, they affect perceived
behavioral control directly, then engagement behavior and
engagement consequences. Compared with TPB, model 2
revealed an interesting finding that subjective norms play the
role of an effect instead of a cause variable. This phenomenon
indicates attitudes toward ecotourism VCs and perceived
behavioral control work together to shape a social pressure
that will encourage engagement.

(4) Summarization of Cause and Effect Factors. Salimifard et
al. [93] has suggested a driving power-dependence diagram
to help classify various decision factors into four clusters.
The cluster in quadrant I include “linkage” elements that
have strong driving power and dependence. The implication
is that all the factors above this level are affected by them,
while these elements are also dependent on lower level factors
for the ISM model. The cluster in quadrant II consists of
dependent factors that have weak driving power but strong
dependencies. Factors in this cluster are the most important
and influential ones. The cluster in quadrant III includes
“autonomous” factors that have weak driving power and
weak dependence. These factors are relatively disconnected
from the system. Finally, the cluster in quadrant IV includes
“dependent” factors that have weak driving power but strong
dependence. These factors are representative of a desired
system of outcomes. Figures 13, 14, and 15 show the driving
power and dependence diagrams of this study.

(5) Overlapping Extension of Cause and Effect Factors. After-
wards, we compared cause and effect variables in models
1-3 identified by different ISM and DEMATEL algorithms.
Tables 12 and 13 show the results. Obviously, great overlapping
between them, which are highlighted in black-frame, was
found. This phenomenon revealed that the performance of
two intelligent methods provides similar analytical results
toward an exploration of engagement behavior of ecotourism
VC members to imply that the study results can be trusted.

Finally, the two methods are desirable for the following
two reasons.

Reasons on Selected Used Techniques. First, ISM and DEMA-
TEL under the MCDM condition are two major method-
ologies with the capability to clarify complex relationships
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TABLE 3: Levels of model 1 elements.
Element Reachability set Antecedent set Intersection set Level
Al A1A3A5A7A8 Al Al 4
A2 A2A3A4A5A6A7A8 A2 A2 4
A3 A3A5A7AS8 AlA2A3 A3 3
A4 A4A6A7A8 A2A4 A4 3
A5 A5A7AS8 A1A2A3A5 A5 2
A6 A6A7AS A2A4A6 A6 2
A7 A7A8 A1A2A3A4A5A6A7A8 A7AS8 1
A8 A7AS8 A1A2A3A4A5A6A7A8 A7AS8 1
TABLE 4: Levels of model 2 elements.
Element Reachability set Antecedent set Intersection set Level
Bl B1B2B4B7B8 B1B2B5B6 B1B2 2
B2 B1B2B4B7B8 B1B2B5B6 B1B2 2
B3 B3B4B7B8 B3B5B6 B3 2
B4 B4B7B8 B1B2B3B4B5B6B7B8 B4B7B8 1
B5 B1B2B3B4B5B6B7B8 B5B6 B5B6 3
B6 B1B2B3B4B5B6B7B8 B5B6 B5B6 3
B7 B4B7B8 B1B2B3B4B5B6B7B8 B4B7B8 1
B8 B4B7B8 B1B2B3B4B5B6B7B8 B4B7B8 1
1.2 A6 b-R 2 D-R
1 K 15 Cl1,C2,C3,C4,C5 »
0.8 1
0.6
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FIGURE 10: Cause-effect diagram of model 1. FIGURE 12: Cause-effect diagram of model 3.
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FIGURE 13: Driving power-dependence diagram of model 1.

FIGURE 11: Cause-effect diagram of model 2.

between the elements involved in complex decision making.
There are several similarities between them, such as they
emphasize a cause-effect relationship among several decision

elements (e.g., the driving power and dependence in ISM
and the prominence and relation in DEMATEL) as well
as present the relationships in easily understood diagrams.
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TABLE 5: Levels of model 3 elements.

Element Reachability set Antecedent set Intersection set Level
C1 C1C2C3C4C5C6C7C8CY C1C2C3C4C5 C1C2C3C4Cs 2
C2 C1C2C3C4C5C6C7C8CY C1C2C3C4C5 C1C2C3C4Cs5 2
C3 C1C2C3C4C5C6C7C8CY C1C2C3C4C5 C1C2C3C4Cs 2
C4 C1C2C3C4C5C6C7C8CY C1C2C3C4C5 CI1C2C3C4C5 2
C5 C1C2C3C4C5C6C7C8CY C1C2C3C4C5 C1C2C3C4C5 2
C6 C6C7C8C9 C1C2C3C4C5C6C7C8CY C6C7C8C9 1
Cc7 C6C7C8C9 C1C2C3C4C5C6C7C8CY C6C7C8C9 1
C8 C6C7C8C9 C1C2C3C4C5C6C7C8CY C6C7C8C9Y 1
C9 C6C7C8C9 CI1C2C3C4C5C6C7C8CY C6C7C8C9 1

TABLE 6: The average matrix of model 1. TaBLE 8: The average matrix of model 3.

Al A2 A3 A4 A5 A6 A7 A8 Row total Cl C2 C3 C4 C5 C6 C7 C8 C9 Row total
Al 0 4 1 3 1 2 2 14 C1 0 4 4 4 4 4 4 4 32
A2 1 0 1 4 1 3 2 2 14 C2 4 0 4 4 4 4 4 4 4 32
A3 3 1 0 1 4 1 3 3 16 C3 4 4 0 4 4 4 4 4 4 32
A4 1 3 1 0 1 4 3 3 16 C4 4 4 4 0 4 4 4 4 4 32
A5 2 1 3 1 0 1 4 4 16 C5 4 4 4 4 0 4 4 4 4 32
A6 1 2 1 3 1 0 4 4 16 C6 33 3 3 3 0 4 4 4 27
A7 1 1 2 2 3 3 0 4 16 C7 33 3 3 3 4 0 4 4 27
A8 1 1 2 2 3 3 4 0 16 C8 3 3 3 3 3 4 4 0 4 27
tco‘t’:llmn 10 10 14 14 16 16 22 22 22 gzlumn 3 3 3 3 3 4 4 40 el

total 28 28 28 28 28 32 32 32 32 32
TABLE 7: The average matrix of model 2.
Bl B2 B3 B4 B5 B6 B7 B8 Rowtotal
TABLE 9: Initial direct-relation matrix of model 1.
Bl 0 4 1 1 3 3 4 3 19
B 4 0 1 1 3 3 4 3 19 Al A2 A3 A4 A5 A6 A7 A8
B3 1 1 0 1 1 1 4 3 12 Al 0.000 0.045 0182 0.045 0.136 0.045 0.091 0.091
B4 1 1 1 0 1 1 4 3 2 A2 0.045 0.000 0.045 0.182 0.045 0.136 0.091 0.091
BS 4 4 1 1 0 4 4 3 21 A3 0136 0.045 0.000 0.045 0.182 0.045 0.136 0.136
B6 4 4 ] ] 4 0 4 3 21 A4 0.045 0136 0.045 0.000 0.045 0.182 0.136 0.136
A5 0.091 0.045 0136 0.045 0.000 0.045 0.182 0.182

B7 3 3 3 3 3 3 0 4 22 A6 0.045 0.091 0.045 0.136 0.045 0.000 0.182 0.182
B8 2 2 2 2 2 2 2 0 14 A7 0.045 0.045 0.091 0.091 0.136 0.136 0.000 0.182
E,(::fmn 9 19 10 10 17 17 26 2 2 A8 0.045 0.045 0.091 0.091 0136 0.36 0.82 0.000

Nevertheless, ISM considered four possible relationships,
while DEMATEL investigated the relationships deeper with
a more sophisticated evaluation (from 0 to 4), as well as
allowing different degrees of mutual influences. Therefore,
ISM is more macro-oriented and DEMATEL more micro-
oriented. They can complement each other to exert synergic
benefits. As far as our limited knowledge, no research has
adopted this approach. We also proved the adequacy of this
approach.

5.2. Managerial Implications. The management implications
in this study are based on the ISM and DEMATEL methods.

5.2.1. ISM Method

(1) Model 1. System and information quality are important
factors in IS. Good quality systems bring community mem-
bers a better site experience and good information quality
makes them willing participants in ecotourism VCs for
getting the latest ecotourism information.

(2) Model 2. Environmental concerns affect the attitude of
the community members and ease of design of the system
interface in the use of IS. Furthermore, the power of the
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TaBLE 10: Total relation matrix of model 1.

Al A2 A3 A4 A5 A6 A7 A8

Al 0189 0.222 0.303 0.209 0.310 0.081 0.312 0.267
A2 0.223 0197 0192 0.344 0229 0169 0.319 0.273
A3 0.330 0.253 0161 0.247 0.372 0.089 0.382 0.329
A4 0.252 0.338 0.218 0.206 0.245 0.220 0.386 0.333
A5 0279 0227 0292 0214 0196 0.084 0.403 0.371
A6 0.221 0.277 0.189 0.298 0.235 0.040 0.398 0.366
A7 0.241 0.247 0235 0.284 0.330 0175 0.257 0.373
A8 0279 0.283 0.269 0.303 0.352 0.178 0.457 0.221
8 B5, B6

7

6

5 B1, B2

4 B3

3 B4, B7, B8
2

1

1 2 3 4 5 6 7 8

FIGURE 14: Driving power-dependence diagram of model 2.

community is a driving force to learn and share engagement
behavior to promote environmental awareness. Ecotourism
experiences share common topics of the natural environment
through social networking sites.

(3) Model 3. The engagement on the public discussion that
has enough emotion to form a network of human relation-
ships with certain characteristics of social organization for the
promotion of ecotourism VC issues is a positive relationship
over time. Thus, common ecotourism virtual issues were
developed through learning and sharing among the com-
munity members. Particularly, member loyalty enhanced the
community and resulted in the real value of the community
sites.

5.2.2. DEMATEL Method. (I) Model 1. System quality is a
major driving power for other system components. Besides,
system satisfaction and information satisfaction greatly influ-
ence system beliefs and attitude. Consequently, enhancing
system infrastructure, such as hardware and software, as well
as encouraging information sharing will be beneficial for
community members’ active and better engagement.

(2) Model 2. Environmental concerns and perceived personal
effectiveness have strong influencing power on other system
components. The emphasis on environmental protection was
enhanced through the understanding of the importance of
environmental issues. More importantly, the use of VCs to
strengthen the basic concepts of international conservation
and sustainable development are interesting issues that com-
bine the power of the community members on the internet
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FIGURE 15: Driving power-dependence diagram of model 3.

and the awareness of environmental protection to every
corner of the world.

(3) Model 3. Sharing, learning, co-development, advocating,
and socializing have a strong relationship with other system
components. Community members that share their ideas
provide mutual understanding as well as contribute to the
development of the community to achieve a vested emotion.
The relationship and the sharing of member demands are to
foster a sense of trust and commitment. The operation of the
community website provides the members a centripetal force
to achieve the maximum benefits of the community network.

6. Conclusions

The MCDM is a sub-disciplinet of operations research that
explicitly considers multiple criteria in decision-making envi-
ronments. However, there typically exist multiple conflicting
criteria that need to be evaluated for making decisions. There-
fore, structuring complex problems well and considering
multiple criteria explicitly lead to more informed and better
decisions. They are developed methods that transform such
complex problem into essentially single criterion problems.
They are used to solve MCDM problems by constructing
value functions. Perhaps, a well-known method includes
ISM and DEMATEL. Particularly, the two methods have
seldom been seen in hybrid use to solve MCDM problems
in ecotourism VCs.

Given the above reasons, this study focused on fill-
ing these knowledge gaps and conducting an intelligent
hybrid model to solve a real life application problem that
involves MCDM toward sustainable ecotourism. This study
has proposed hybrid expert-based ISM and DEMATEL
models that are suitable for those members of environmental
protection VCs who intend to use intelligent systems. This
study performs well and provides useful insight into the key
characteristics that explores member engagement behavior in
the VC industry and is critical with respect to responding
to the rapidly changing environment under VC members
that exert the multi-functions of dynamic, complex, and
value co-creation behavior. The analytical results have impor-
tant implications that are worthwhile for practitioners and
academics that focus on environmental protection in VCs.
Moreover, future research can be done in three directions as



108 Urban and Rural Tourism Strategies in Sustainability
TaBLE 11: The justification of research results on FP of CE.
Fundamental propositions Justification
(i) The focal agent/object a customer interacts with may be a brand, product, or
organization (i.e., the ecotourism VC).
CE reflects a psychological state that (ii) Focal CE behaviors that have a brand- or firm-focus extend beyond
pp;  oceurs by virtue of interactive customer transactions/purchase (the environmental concern in ecotourism VC transcends
experiences with a focal agent/object over transactions).
within specific service relationships. (iii) Two-way interactions generating CE may occur within a broader network of
customers, stakeholders, and other actors in specific service relationships (there are
different participating roles in ecotourism VC).
CE states occur within a dynamic, CE processes may range from short-term to long-term, relatively stable to highly
FP2  jterative process of a service relationship variable processes typified by CE levels varying in complexity over time (there is
that co-creates value. different degrees of involvement in ecotourism VC).
1 (i) There is antecedent as well as consequence factors of ecotourism virtual
CE plays a central role within a . . .
. . community engagement behavior, as shown in our research framework.
FP3  nomological network of service - . L L
. - (ii) The mutual-influence and iterative nature of engagement behaviors imply that
relationships. . .
specific CE consequence may extend to be an antecedent in the next process.
CE is a multidimensional concept subject (i) Variables in this research framework include cognitive (e.g., information quality
pp4  toacontextand/or stakeholder-specific and system quality), emotional (e.g., attitude toward website itself and website
expression of relevant cognitive, usage), and behavioral (e.g., engagement behavior) dimensions in nature.
emotional, and behavioral dimensions. (ii) Different situational conditions might generate distinct CE complexity levels.
Specific interaction between a customer and a focal agent/object and other actors
CE occurs within a specific set of within specific focal relationships may generate different levels of cognitive,
FP5  situational conditions generating emotional, and/or behavioral CE intensity, depending on specific CE stakeholder

differing CE levels.

and contextual contingencies driving particular CE levels (the casual model
acquired by ISM or DEMATEL analyses show this dynamic well).

TaBLE 12: Cause and effect factors identified by ISM model.

TABLE 13: Cause and effect factors identified by DEMATEL model.

Model Dependent

Independent

Model Strong dependent variables Strong independent

A7 (attitude toward website)

Al (information quality)

variables

A5 (perceived usefulness)
A7 (attitude toward website)

A4 (system satisfaction)

A8 (attitude toward website
usage)

1
A8 (Attitude toward website .
usage) A2 (system quality) 1
L. BI (attitude toward
B4 (subjective norm) website)
B7 (engagement behavior) B2 (a.t titude toward
) website usage)
B8 (engagement B5 (environmental
consequences) concerns)
B6 (perceived personal
effectiveness)
C6 (satisfaction and loyalty) ~ Cl (sharing)
C7 (empowerment) C2 (learning)
C8 (connection and
3 emotional bond) C3 (co-development)

C9 (trust and commitment)  C4 (advocating)

C5 (socializing)

follows. (1) To screen and organize a domain expert panels
with excellent experience in ecotourism virtual communities
and apply procedures suggested by Delphi method and focus
groups to find consensus efficiently and effectively from the
use of larger samples to conduct structural equation modeling
(SEM) to cross-verify the study results; (2) to investigate
the dynamic nature decision elements more insightfully;
analytical network process (ANP) can be applied especially

B2 (attitude toward

B1 (attitude toward website) .
website usage)

B5 (environmental

2 B7 (engagement behavior) concerns)
B8 (engagement consequences)
C6 (satisfaction and loyalty) Cl (sharing)
C7 (empowerment) C2 (learning)

C8 (connection and emotional
3 bond),

C9 (trust and commitment)

C3 (co-development)

C4 (advocating)
C5 (socializing)

for the engagement related variables; and (3) other qualitative
research methods, such as interactive qualitative analysis
(IQA) and means-ends chain (MEC) by laddering analysis
can also be applied to gain more detailed responses from
domain experts.



Urban and Rural Tourism Strategies in Sustainability

References

[1] J. T. Chen, The emergences and consequences of intra-
organizational social networks- social capital perspective
[Ph.D. thesis], National Sun Yat-Sen University, Kaohsiung
City, Taiwan, 2004.

[2] J. A. Barnes, “Class and committees in a Norwegian island
parish,” Human Relations, vol. 7, no. 1, pp. 39-58, 1954.

[3] J. C. Mitchell, Social Networks and Urban Situations, Manchester
University Press, Manchester, UK, 1969.

[4] P. Pattison, Algebraic Models for Social Networks, Cambridge
University Press, New York, NY, USA, 1993.

[5] C.C.A.Chan,L.Lim, andS. K. Keasberry, “Examining the link-
ages between team learning behaviors and team performance,”
The Learning Organization, vol. 10, no. 4, pp. 228-236, 2003.

[6] S. P. Borgatti and P. C. Foster, “The network paradigm in
organizational research: a review and typology;,” Journal of
Management, vol. 29, no. 6, pp. 991-1013, 2003.

[7] Business Next, Taiwan Website 100, Next Publishing, 2010.

[8] W. Kuang, “Words, 140 words, or thirty seconds how much
g y
power?” Business Weekly, vol. 1127, pp. 35-40, 2009.

[9] J. Hempel, “Everyone hates comScore,” Fortune, vol. 158, no. 6,
pp. 60-62, 2008.

[10] K. M. Chu, “A related study of members  helping behaviors
from consumer decision-making process perspective in online
community;” Electronic Commerce Studies, vol. 5, no. 2, pp. 197-
226, 2007.

[11] W. E. Hammitt and D. N. Cole, Wildland Recreation: Ecology
and Management, John Wiley, New York, NY, USA, 2nd edition,
1998.

[12] M. Liddle, Recreation Ecology: The Ecological Impact of Outdoor
Recreation and Ecotourism, Chapman & Hall, London, UK, 1997.

(13] R.E.Manning, Parks and Carrying Capacity: Commons without
Tragedy, Island Press, Washington, DC, USA, 2007.

[14] J. E. Doucette and D. N. Cole, “Wilderness visitor education:
information about alternative techniques,” General Technical
Report INT-295, USDA Forest Service, Ogden, Utah, USA,
1993.

(15] V.B.GodinandR.E.Leonard, “Management problems in desig-
nated wilderness areas,” Journal of Soil and Water Conservation,
vol. 34, no. 3, pp. 141-143, 1979.

[16] J. L. Marion and S. E. Reid, “Minimising visitor impacts to pro-
tected areas: the efficacy of low impact education programmes,”
Journal of Sustainable Tourism, vol. 15, no. 1, pp. 5-27, 2007.

[17] S. H. Ham and B. Weiler, “Interpretation is persuasive when
themes are compelling,” Interpret Scotland, vol. 8, no. 3, 2003.

[18] E D.Davis, R. P. Bagozzi, and P. R. Warshaw, “User acceptance of
computer technology: a comparison of two theoretical models,”
Management Science, vol. 35, no. 8, pp. 982-1003, 1989.

[19] M. Romeril, “Tourism and the environment—towards a symbi-
otic relationship,” International Journal of Environmental Stud-
ies, vol. 25, no. 4, pp. 215-218, 1985.

[20] R. M. Self, D. R. Self, and J. Bell-Haynes, “Marketing tourism in
the Galapagos Islands: ecotourism or greenwashing?” Interna-
tional Business & Economics Research Journal, vol. 9, no. 6, pp.
111-125, 2010.

[21] B. Constantineau, Going Real Green: Explosion of Ecotourism
Offer Real and Ersatz Vacations, National Post, 2007.

[22] A.Kuchment, “Beyond backpacking,” Newsweek, vol. 152, no. 3,
pp. 1-44, 2008.

109

[23] C.]J. Stem, J. P. Lassoie, D. R. Lee, and D. J. Deshler, “How “eco”
is ecotourism? A comparative case study of ecotourism in Costa
Rica,” Journal of Sustainable Tourism, vol. 11, no. 4, pp. 322-347,
2003.

[24] United Nations Environment Programme (UNEP), “Eco-
tourism and sustainability;” Industry and Environment, vol. 24,
no. 3-4, pp. 3-49, 2001.

[25] J. E. Disinger, “Environmental education research notes (USA),”
Environmentalist, vol. 2, no. 4, pp. 285-288, 1982.

[26] B. Chen, G. He, J. Yang, J. Zhang, M. Su, and J. Qi, “Evaluating
ecological and economic benefits of a low-carbon industrial
park based on millennium ecosystem assessment framework,”
The Scientific World Journal, vol. 2012, Article ID 909317, 5 pages,
2012.

[27] R. Jitpakdee and G. B. Thapa, “Sustainability analysis of eco-
tourism on Yao Noi Island, Thailan,” Asia Pacific Journal of
Tourism Research, vol. 17, no. 3, pp. 301-325, 2012.

[28] Y. Lu, M. Su, G. Liu, B. Chen, S. Zhou, and M. Jiang, “Ecological
network analysis for a low-carbon and high-tech industrial
park,” The Scientific World Journal, vol. 2012, Article ID 305474,
9 pages, 2012.

[29] P. Perera, R. P. Vlosky, and S. B. Wahala, “Motivational and
behavioral profiling of visitors to forest-based recreational
destinations in Sri Lanka) Asia Pacific Journal of Tourism
Research, vol. 17, no. 4, pp. 451-467, 2012.

[30] E.J. Shumchenia, S. L. Smith, J. McCann et al., “An adaptive
framework for selecting environmental monitoring protocols
to support ocean renewable energy development;” The Scientific
World Journal, vol. 2012, Article ID 450685, 23 pages, 2012.

[31] P. G. Walter and J. K. Reimer, “The “Ecotourism curriculum”
and visitor learning in community-based ecotourism: case
studies from Thailand and Cambodia,” Asia Pacific Journal of
Tourism Research, vol. 17, no. 5, pp. 551-561, 2012.

[32] J. Yang, B. Chen, J. Qi, S. Zhou, and M. Jiang, “Life-cycle-based
multicriteria sustainability evaluation of industrial parks: a case
study in China,” The Scientific World Journal, vol. 2012, Article
ID 917830, 9 pages, 2012.

[33] L. Z. Lin and C. E Lu, “Fuzzy group decision-making in the
measurement of ecotourism sustainability potential,” Group
Decision and Negotiation, vol. 22, no. 6, pp. 1051-1079, 2013.

[34] S.P Cottrell, ].]. Vaske, and J. M. Roemer, “Resident satisfaction
with sustainable tourism: the case of Frankenwald Nature Park,
Germany, Tourism Management Perspectives, vol. 8, pp. 42-48,
2013.

[35] D. A. Fennell, “Contesting the zoo as a setting for ecotourism,
and the design of a first principle;” Journal of Ecotourism, vol. 12,
no. 1, pp. 1-14, 2013.

[36] D.Blanco-Moreno, R. Fuentes-Ferndndez, and J. Pavon, “Simu-
lation of online social networks with Krowdix,” in Proceedings of
the International Conference on Computational Aspects of Social
Networks (CASoN °’I1), pp. 13-18, Salamanca, Spain, October
2011.

[37] J. S. House, D. Umberson, and K. R. Landis, “Structures and
processes of social support;,” Annual Review of Sociology, vol. 14,
no. 1, pp. 293-318, 1988.

[38] Y. C. Yeh and J. D. Luo, “Are virtual social relationships inde-
pendent from reality?” Journal of Cyber Culture and Information
Society, vol. 1, pp. 33-55, 2001.

[39] D. M. Boyd and N. B. Ellison, “Social network sites: definition,
history, and scholarship,” Journal of Computer-Mediated Com-
munication, vol. 13, no. 1, pp. 210-230, 2007.



110

[40] Z. Xia and Z. Bu, “Community detection based on a semantic
network,” Knowledge-Based Systems, vol. 26, pp. 30-39, 2012.

[41] W. Yuan, D. Guan, Y.-K. Lee, S. Lee, and S. J. Hur, “Improved
trust-aware recommender system using small-worldness of
trust networks,” Knowledge-Based Systems, vol. 23, no. 3, pp.
232-238, 2010.

[42] P. Liu, B. Raahemi, and M. Benyoucef, “Knowledge sharing in
dynamic virtual enterprises: a socio-technological perspective,”
Knowledge-Based Systems, vol. 24, no. 3, pp. 427-443, 2011.

[43] D. Muhlestein and S. J. Lim, “Online learning with social
computing based interest sharing;” Knowledge and Information
Systems, vol. 26, no. 1, pp. 31-58, 2011.

[44] J. Zhao,]. Wu, X. Feng, H. Xiong, and K. Xu, “Information prop-
agation in online social networks: a tie-strength perspective;’
Knowledge and Information Systems, vol. 32, no. 3, pp. 589-608,
2012.

[45] C. Kaiser, S. Schlick, and E Bodendorf, “Warning system for
online market research—identifying critical situations in online
opinion formation,” Knowledge-Based Systems, vol. 24, no. 6, pp.
824-836, 2011.

[46] S. Kisilevich, C. S. Ang, and M. Last, “Large-scale analysis of
self-disclosure patterns among online social networks users: a
Russian context,” Knowledge and Information Systems, vol. 32,
no. 3, pp. 609-628, 2012.

[47] H. Fujita, J. Hakura, and M. Kurematu, “Intelligent human
interface based on mental cloning-based software,” Knowledge-
Based Systems, vol. 22, no. 3, pp. 216-234, 20009.

[48] M. Gaeta, E Orciuoli, and P. Ritrovato, “Advanced ontology
management system for personalised e-Learning,” Knowledge-
Based Systems, vol. 22, no. 4, pp. 292-301, 2009.

[49] G.S.Mahalakshmiand T. V. Geetha, “Argument-based learning
communities,” Knowledge-Based Systems, vol. 22, no. 4, pp. 316-
323, 2009.

[50] M. Fishbein and I. Ajzen, Belief, Attitude, Intention and Behav-
ior: An Introduction to Theory and Research, Addison-Wesley,
New York, NY, USA, 1975.

[51] I. Ajzen, “The theory of planned behavior,” Organizational
Behavior and Human Decision Processes, vol. 50, no. 2, pp. 179-
211, 1991.

[52] D.-H. Shin and W.-Y. Kim, “Applying the technology acceptance
model and flow theory to cyworld user behavior: implication of
the web2.0 user acceptance;” Cyberpsychology and Behavior, vol.
11, no. 3, pp. 378-382, 2008.

[53] D. A. Harrison, P. P. Mykytyn Jr., and C. K. Riemenschneider,
“Executive decisions about adoption of information technology
in small business: theory and empirical tests,” Information
Systems Research, vol. 8, no. 2, pp. 171-195, 1997.

[54] W.H. DeLone and E. R. McLean, “Information systems success:
the quest for the dependent variable;” Information Systems
Research, vol. 3, no. 1, pp. 60-95, 1992.

[55] L. E Pitt, R. T. Watson, and C. B. Kavan, “Service quality: a
measure of information systems effectiveness;,” MIS Quarterly,
vol. 19, no. 2, pp. 173-187,1995.

[56] W. H. DeLone and E. R. McLean, “The DeLone and McLean
model of information systems success: a ten-year update;’
Journal of Management Information Systems, vol. 19, no. 4, pp.
9-30, 2003.

[57] A. Bhattacherjee, “Understanding information systems contin-
uance: an expectation-confirmation model,” MIS Quarterly, vol.
25, no. 3, pp. 351-370, 2001.

Urban and Rural Tourism Strategies in Sustainability

[58] I. Ajzen and M. Fishbein, Understanding Attitudes and Predict-
ing Social Behavior, Prentice-Hall, Engelwood Cliffs, NJ, USA,
1980.

[59] B. H. Wixom and P. A. Todd, “A theoretical integration of user
satisfaction and technology acceptance,” Information Systems
Research, vol. 16, no. 1, pp. 85-102, 2005.

[60] J. E. Bailey and S. W. Pearson, “Development of a tool for mea-
suring and analyzing computer user satisfaction,” Management
Science, vol. 29, no. 5, pp. 530-545, 1983.

[61] J.].Baroudiand W.J. Orlikowski, “A short-form measure of user
information satisfaction: a psychometric evaluation and notes
on use,” Journal of Management Information Systems, vol. 4, no.
4, pp. 44-59, 1988.

[62] B.Ives, M. H. Olson, and J.J. Baroudi, “The measurement of user
information satisfaction,” Communications of the ACM, vol. 26,
no. 10, pp. 785-793, 1983.

[63] M. Mattingley-Scott, “Delphi Method,” 2006, http://www.
12manage.com/methods_helmer_helmer_delphi_method.html .

[64] M. Adler and E. Ziglio, Gazing into the Oracle: The Delphi
Method and Its Application to Social Policy and Public Health,
Jessica Kingsley, London, UK, 1996.

[65] B. Garrod, “Applying the Delphi method in an ecotourism
context: a response to Deng et al’s , * development of a
point evaluation system for ecotourism destinations: a Delphi
method?” Journal of Ecotourism, vol. 11, no. 3, pp. 219-223, 2012.

[66] J. Warfield, An Assault on Complexity, Battelle, Office of Corpo-
rate Communications, Columbus, Ohio, USA, 1973.

[67] J. Warfield, Societal Systems: Planning, Policy and Complexity,
John Wiley & Sons, New York, NY, USA, 1976.

[68] J. Thakkar, S. G. Deshmuk, A. D. Gupta, and R. Shankar, “Selec-
tion of third-party logistics (3PL): a hybrid approach using
interpretive structural modeling (ISM) and analytic network
process (ANP),” Supply Chain Forum, vol. 6, no. 1, pp. 32-46,
2005.

[69] V. Ravi, R. Shankar, and M. K. Tiwari, “Productivity improve-
ment of a computer hardware supply chain,” International
Journal of Productivity and Performance Management, vol. 54,
no. 4, pp. 239-255, 2005.

[70] S. Jharkharia and R. Shanka, “IT enablement of supply chains:
modeling the enablers,” International Journal of Productivity
and Performance Management, vol. 53, no. 8, pp. 700-712, 2004.

[71] J. Thakkar, S. G. Deshmukh, A. D. Gupta, and R. Shankar,
“Development of a balanced scorecard: an integrated approach
of Interpretive Structural Modeling (ISM) and Analytic Net-
work Process (ANP),” International Journal of Productivity and
Performance Management, vol. 56, no. 1, pp. 25-59, 2007.

[72] R. K. Singh, S. K. Garg, S. G. Deshmukh, and M. Kumar,
“Modelling of critical success factors for implementation of
AMTS,” Journal of Modelling in Management, vol. 2, no. 3, pp.
232-250, 2007.

[73] C. Chen, “The application of interpretive structural model-
ing method to develop verity design solution of case host
preference-based products: a case study of Razor,” Journal of
Theoretical and Applied Information Technology, vol. 35, no. 1,
pp. 92-99, 2012.

[74] Y. Li and C. Zi, “Analysis of load factors based on interpretive
structural model,” Journal of Computers, vol. 7, no. 7, pp. 1704-
1711, 2012.

[75] A. Gabus and E. Fontela, World Problems, An Invitation to
Further Thought within the Framework of DEMATEL, Battelle
Geneva Research Centre, Geneva, Switzerland, 1972.



Urban and Rural Tourism Strategies in Sustainability

(76]

N
-l

(78

[79]

(81

(82]

(83

(84]

(85]

(86]

(87]

A. Gabus and E. Fontela, “Perceptions of the world problema-
tique: communication procedure, communicating with those
bearing collective responsibility, DEMATEL Report 1, Battelle
Geneva Research Centre, Geneva, Switzerland, 1973.

J.-I. Shieh, H.-H. Wu, and K.-K. Huang, “A DEMATEL method
in identifying key success factors of hospital service quality,”
Knowledge-Based Systems, vol. 23, no. 3, pp. 277-282, 2010.

M.-L. Tseng, “A causal and effect decision making model
of service quality expectation using grey-fuzzy DEMATEL
approach,” Expert Systems with Applications, vol. 36, no. 4, pp.
7738-7748, 20009.

J.-K. Chen and L.-S. Chen, “Using a novel conjunctive MCDM
approach based on DEMATEL, fuzzy ANP, and TOPSIS as an
innovation support system for Taiwanese higher education,”
Expert Systems with Applications, vol. 37, no. 3, pp. 1981-1990,
2010.

G.-H. Tzeng, C.-H. Chiang, and C.-W. Li, “Evaluating inter-
twined effects in e-learning programs: a novel hybrid MCDM
model based on factor analysis and DEMATEL,” Expert Systems
with Applications, vol. 32, no. 4, pp. 1028-1044, 2007.

W.-R. Jerry Ho, C.-L. Tsai, G.-H. Tzeng, and S.-K. Fang,
“Combined DEMATEL technique with a novel MCDM model
for exploring portfolio selection based on CAPM,” Expert
Systems with Applications, vol. 38, no. 1, pp. 16-25, 2011.

B. Chang, C.-W. Chang, and C.-H. Wu, “Fuzzy DEMATEL
method for developing supplier selection criteria,” Expert Sys-
tems with Applications, vol. 38, no. 3, pp. 1850-1858, 2011.

S. K. Patil and R. Kant, “A fuzzy DEMATEL method to identify
critical success factors of knowledge management adoption in
supply chain,” Journal of Information & Knowledge Manage-
ment, vol. 12, no. 3, pp. 1-15, 2013.

S.K.Huy, Y. C. Chuang, Y. E. Yeh, and G. H. Tzeng, “Combining
hybrid MADM with fuzzy integral for exploring the smart
phone improvement in M-Generation,” International Journal of
Fuzzy Systems, vol. 14, no. 2, pp. 204-214, 2012.

W. T. Yang, W. H. Liu, H. H. Liu, and Lanasari, “Evaluating
influential factors in event quality using DEMATEL method,”
International Journal of Trade, Economics and Finance, vol. 4,
no. 3, pp. 92-97, 2013.

W.-W. Wu, “Choosing knowledge management strategies by
using a combined ANP and DEMATEL approach,” Expert
Systems with Applications, vol. 35, no. 3, pp. 828-835, 2008.

W.-W. Wu and Y.-T. Lee, “Developing global managers’ com-
petencies using the fuzzy DEMATEL method,” Expert Systems
with Applications, vol. 32, no. 2, pp. 499-507, 2007.

Y.-C. Lee, M.-L. Li, T.-M. Yen, and T.-H. Huang, “Analysis of
adopting an integrated decision making trial and evaluation
laboratory on a technology acceptance model,” Expert Systems
with Applications, vol. 37, no. 2, pp. 1745-1754, 2010.

R. J. Brodie, L. D. Hollebeek, B. Juri¢, and A. Ili¢, “Customer
engagement: conceptual domain, fundamental propositions,
and implications for research,” Journal of Service Research, vol.
14, no. 3, pp. 252-271, 2011.

K. Huchting, A. Lac, and J. W. LaBrie, “An application of the
Theory of Planned Behavior to sorority alcohol consumption,”
Addictive Behaviors, vol. 33, no. 4, pp. 538-551, 2008.

Y. Kim and H. Han, “Intention to pay conventional-hotel prices
at a green hotel—a modification of the theory of planned
behavior,” Journal of Sustainable Tourism, vol. 18, no. 8, pp. 997-
1014, 2010.

[92]

111

W. Lewis, R. Agarwal, and V. Sambamurthy, “Sources of influ-
ence on beliefs about information technology use: an empirical
study of knowledge workers,” MIS Quarterly, vol. 27, no. 4, pp.
657-678, 2003.

K. Salimifard, M. A. Abbaszadeh, and A. Ghorbanpur, “Inter-
pretive structural modeling of critical success factors in bank-
ing process re-engineering,” International Review of Business
Research Papers, vol. 6, no. 2, pp. 95-103, 2010.



11

Spatial Pattern Evaluation of Rural Tourism via the
Multifactor-Weighted Neural Network Model in the Big Data Era

Jiangrui Zhu @ and Feng Jian

School of Culture and Tourism, Ningxia University, Zhongwei 755000, China

Correspondence should be addressed to Jiangrui Zhu; zjr1210@nxu.edu.cn

Academic Editor: Syed Hassan Ahmed

The exploration of the evaluation effect of rural tourism spatial pattern based on the multifactor-weighted neural network model
in the era of big data aims to optimize the spatial layout of rural tourist attractions. There are plenty of problems such as improper
site selection, layout dispersion, and market competition disorder of rural tourism caused by insufficient consideration of
planning and tourist market. Hence, the multifactor model after simple weighting is combined with the neural network to
construct a spatiotemporal convolution neural network model based on multifactor weighting here to solve these problems.
Moreover, the simulation experiment is conducted on the spatial pattern of rural tourism in the Ningxia Hui Autonomous Region
to verify the evaluation performance of the constructed model. The results show that the prediction accuracy of the model is
97.69%, which is at least 2.13% higher than that of the deep learning algorithm used by other scholars. Through the evaluation and
analysis of the spatial pattern of rural tourist attractions, the spatial distribution of scenic spots in Ningxia has strong stability from
2009 to 2019. Meanwhile, the number of scenic spots in the seven plates has increased and the time cost of scenic spot accessibility
has changed significantly. Besides, the change rate of the one-hour isochronous cycle reaches 41.67%. This indicates that the neural
network model has high prediction accuracy in evaluating the spatial pattern of rural tourist attractions, which can provide

experimental reference for the digital development of the spatial pattern of rural tourism.

1. Introduction

Nowadays, with the close integration between information
technology and the tourism industry, the Internet, big data,
and artificial intelligence have rapidly become the hot
technologies of industrial development. Especially, relevant
incentive policies issued by the government and increased
financial subsidies, which encourage the development of
tourism and other projects in remote mountain villages,
have injected new vitality into rural development and
brought significant economic growth. However, some
problems have appeared in rural tourism, such as improper
site selection, layout dispersion, construction repetition and
inefficiency, and market competition disorder, during the
accelerated development as a result of improvident con-
sideration of the planning basis and tourist market [1, 2].
Therefore, the application of artificial intelligence and big

data analysis technology to the optimization of the spatial
structure of rural tourism has become the focus of scholars
in the current relevant fields.

The tour is a kind of sightseeing and entertainment
activity on the premise of the coexistence of human society
and natural environment. In recent years, the advocacy of
“lucid waters and lush mountains are invaluable assets” and
related documents on rural tourism have been proposed by
the Chinese central government, which has become an
important guiding force for the eflicient and rapid devel-
opment of rural tourism in China [3]. The Ningxia Hui
Autonomous Region is one of the minority concentrated
areas in northwest China. It puts ecological environment
protection in the first place under the “The Belt and Road
Initiative” policy and the economic protection strategy in the
Yellow River Basin. Meanwhile, Ningxia is working hard to
ensure ecological security in the middle and upper reaches of


mailto:zjr1210@nxu.edu.cn
https://orcid.org/0000-0001-7818-3079
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5845545

Urban and Rural Tourism Strategies in Sustainability

the Yellow River and achieve the goal of building a beautiful
China. Furthermore, due to the topography in Ningxia,
more than 80% of the tourism resources are concentrated in
rural areas, which have become the largest potential area for
tourism development in the province with obvious advan-
tages over the whole country [4]. The unique natural re-
sources and geographical environment and other ecological
advantages in Ningxia promote rural tourism into an im-
portant force progressing fast in the economic development
of Ningxia. Meanwhile, a series of relevant policies issued by
the government not only provide strong support for the
development of rural tourism but also clarify the specific
development direction and planning. This makes the
number of rural tourism spots in Ningxia show rapid growth
momentum in recent years.

With the rapid increase in rural tourist attractions, changes
in economy, policy, and traffic changes have a deepening
impact on rural tourism, resulting in the transformation of the
spatial pattern of rural tourism. The rapid development in
rural tourism also increases the demand for corresponding
tourism space, which intensifies the contradiction between
supply and demand of space in the region and leads to the
imbalance of spatial utilization structure in the region [5]. In
other words, the fast development of the economy and living
standards of the people has also destroyed the original, pure,
and natural environment artificially. In recent years, artificial
intelligence technologies, such as big data analysis and artificial
neural networks, have been widely used in various industries,
such as machine translation, image recognition, and natural
language processing. Deep learning, as one of the artificial
intelligence algorithms, can learn multilevel features of data
from raw data such as the spatial pattern of the original
geographical environment without the participation of experts
in related fields, which greatly saves the cost of labor, material
and time [6, 7]. Meanwhile, the deep learning algorithm can
classify tasks according to the important characteristics
learned, which has far-reaching engineering practice value in
the spatial pattern evaluation of rural tourism.

In summary, the evaluation and analysis of the spatial
pattern of rural tourism are of great practical value for the
development of tourism. The innovations of the existing
research are as follows:

(i) Taking Ningxia Hui Autonomous Region in
Northwest China as the research object, the research
evaluates the spatial pattern of rural tourism.

(ii) The research analyzes the confusion of rural tourism
location and scattered layout caused by insufficient
consideration of various factors such as the plan-
ning basis of rural tourism.

(iii) Based on the simple weighting of the multifactor
model, combined with neural network, the research
constructs a spatiotemporal convolution neural
network model based on multifactor weighting.
Finally, the evaluation effect of rural tourism spatial
pattern is analyzed through simulation.

The research is structured as follows: Section 1 is the
introduction that mainly explains the current situation and
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background of rural tourism and the research purpose and
significance. Section 2 is the related works, which mainly
analyzes the research status of scholars related to rural
tourism and algorithms. Section 3 mainly constructs and
evaluates the model of rural tourism spatial pattern based on
multifactor-weighted neural network algorithm. Section 4 is
the results and discussion. After the simulation of the rural
tourism spatial pattern model, its performance is analyzed
and discussed more clearly. Section 5 is the conclusion that
summarizes the research methods and results to provide
basis for follow-up research. Section 6 is future work, which
analyzes the shortcomings, and explains the follow-up
research.

2. Related Works

2.1. Current Situation of Rural Tourism Development. At
present, with the accelerating process of urbanization and
the rapid improvement of people’s living standards, people
pay more attention to their spiritual needs while satisfying
material needs. As one of the rural revitalization strategies
advocated by the state, rural tourism has been studied by
many scientific researchers. Su et al. [8] adopted a mixed
methods research design, including quantitative question-
naires and qualitative semistructured interviews, to analyze
tourism and rural sustenance at Hetu Town, Anhui Prov-
ince, China. They found that the utilization of synergistic
relationships between tourism and other sources of income
could improve the overall livelihood sustainability. Mean-
while, they discussed the practical significance to enhance
tourism participation and ensure appropriate benefit sharing
with an emphasis on the roles of government [8]. Guaita
Martinez et al. [9] demonstrated that tourism was a key
sector in the sustainable development of rural environments.
Hence, they proposed a more comprehensive and objective
method to compare the level of seasonality of a group of
rural destinations with that of coastal and urban destina-
tions. Through the study, they found that the methodology
enabled them to identify, which variables explained the
differences in the level of seasonality of each destination to a
large extent. Finally, the research results showed that the
variables that do so are related to the internalization of the
destination and changes in the availability of bed places [9].
Cunha et al. [10] explored the motivation, management
practices, and consequences of rural tourism entrepreneurs
considering data obtained from eight small tourism ac-
commodation units, whose owners participated in semi-
structured interviews. The results revealed long-term
planning and tend to form robust networks of entrepre-
neurs, which clearly contributed to not only the establish-
ment of a dynamic but also more sustainable entrepreneurial
ecosystem of tourism in rural areas [10]. Chi and Han [11]
took Anji County as a case to comprehend the role of rural
tourism destination performances in affecting destination
image and predicting satisfaction and loyalty and verified the
moderating effect of tourists’ expectation [11]. These above
works can provide certain guidance and reference for
scholars and rural tourism practitioners to deepen the
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research on tourism expectations, rural tourism perfor-
mance, destination image, and the relationship between
tourist satisfaction and loyalty.

2.2. Application Status of Neural Network Algorithms in
Tourism. Today, neural networks are widely used in diverse
industries, and many researchers have analyzed its appli-
cation in emerging tourism. Lee et al. [12] analyzed the
prediction performance of backpropagation neural networks
(BPNNs), radial basis function networks (RBFNs), proba-
bilistic neural networks (PNNs), and clustered probabilistic
neural networks (CPNNs) in tourism. They found that PNNs
performed best in all artificial neural networks, especially
showing extreme accuracy in predicting underrepresented
modes [12]. Petersen et al. [13] proposed a system for bus
travel time prediction that leveraged the nonstatic spatio-
temporal correlations present in urban bus networks,
allowing the discovery of complex patterns not captured by
traditional methods. Finally, they found that the multi-
output, multitime step, deep neural network using a com-
bination of convolutional and long short-term memory
(LSTM) significantly outperformed all the other compara-
tive methods [13]. Abdollahi et al. [14] proposed a multistep
deep learning-based algorithm for predicting travel time.
They found that feature extraction and clustering algorithms
could be used to improve the feature space, which was robust
[14]. Hu et al. [15] used artificial neural network (ANN)
simulation to reveal the characteristics of human activity
patterns and urban functions. They demonstrated that the
proposed method, with relatively less loss and high accuracy,
outperformed other comparative methods for classifying
urban functions at the road segment level. Besides, they
believed that their work contributed to the assessment of
urban functional structure and further aid urban planners in
designing better urbanization strategies with regard to traffic
interaction and urban space structure [15].

Through the above scholars’ research, most of the cur-
rent research on rural tourism focuses on tourism re-
sources, tourism development, tourism development
mode, problems, and countermeasures, etc., while focusing
little on the spatial structure of rural tourism and the spatial
problems. Moreover, the application of applying deep
learning to tourism is mainly in the prediction of travel
time rather than in the design of tourism spatial pattern.
Therefore, the neural network is introduced into the simply
weighted multifactor model to construct a multifactor-
weighted neural network model to evaluate the spatial
pattern of rural tourism with the research object of rural
tourist attractions in Ningxia.

3. Construction and Evaluation of Rural
Tourism Spatial Pattern Based on
Multifactor-Weighted Neural
Network Algorithm

3.1. Overview of the Study Area. Ningxia Hui Autonomous
Region is referred to as Ningxia, and Yinchuan is its pro-
vincial capital. Located in the northwest inland area of
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China, east of Shaanxi, west and north of Inner Mongolia,
and south of Gansu, Ningxia occupies a total area of 66,400
square kilometers, located in the northwest of the four
geographical divisions [16]. The terrain in Ningxia grad-
ually tilts from southwest to northeast, with hills and ra-
vines standing in numbers, consisting of three plates: the
northern Yellow River irrigation area, the central arid zone,
and the southern mountainous area. The autonomous
region is located in the Yellow River water system, and the
terrain is high in the south and low in the north, showing a
ladder-like decline. The whole region is located in the
continental arid and semiarid climate zone [17]. Ningxia
Hui Autonomous Region administrates 5 prefecture-level
cities (9 municipal districts, 2 county-level cities, and 11
counties), with two national AAAAA-level tourist attrac-
tions of the China Western Film Studio in Zhenbeibu and
the Sand Lake, several 4A-level tourist attractions (in-
cluding 96 A-level scenic spots), and numerous rural scenic
spots [18]. There are mainly seven tourism plates in
Ningxia: Great Sand Lake Holiday and Leisure Area, Xixia
Cultural Tourism District, Saishang Hui Township Cultural
Experience Plate, Frontier Cultural Tourism Plate, Great
Shapotou Resort and Leisure Plate, Weizhou Historical and
Cultural Tourism Plate, and Great Liupan Red Ecological
Resort Plate [19]. Among them, the study area in Ningxia is
shown in Figure 1.

3.2. Analysis on the Goal of Rural Tourism Pattern
Construction. The spatial pattern of rural tourism not only
affects the spread and flow of people, materials, and in-
formation in rural tourism activities but also guarantees the
normal and orderly operation of various functions of rural
tourism. Under the rapid development of the social econ-
omy, people’s diversified spiritual needs have brought good
opportunities for the development of rural tourism. How-
ever, mature rural tourism has cumulatively higher re-
quirements for spatial patterns, which have an increasingly
obvious impact on rural tourism. The requirements of rural
tourism on the spatial pattern are mainly reflected in the
rational utilization of resources, the correct guidance of the
market, and the reasonable layout of products, as shown in
Figure 2.

As shown in Figure 2, firstly, the rational development
and utilization of rural tourism resources play an im-
portant role in the long-term and orderly development of
rural tourism activities. Moreover, the construction of the
spatial pattern can ensure the rational use of rural tourism
resources and the maximum utilization of the developed
parts. Secondly, the correct guidance of the rural tourism
market requires the spatial pattern to ensure the accurate
implementation of rural tourism market positioning and
planning. Thirdly, the spatial pattern of multilayer
structure can meet the multilayer structure of tourism
products and ensure the priority of core products in rural
tourism activities. Besides, the spatial pattern and mul-
tilevel system of tourism products can better meet the
diversified needs of different tourists [20]. Similarly, the
spatial pattern of rural tourism can affect the function and
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FIGURE 1: Diagram of the study area.

structure of rural tourism, which makes rural tourism a
multifunctional leisure activity with different functions
from different perspectives. Meanwhile, the integrity of
tourists’ rural experience is guaranteed.

The spatial structure of rural tourism is the organization
rules of functional zoning, tourism resources pattern, and
tourism product pattern, to ensure the orderly conduct of
tourism activities. The construction of rural tourism spatial
pattern is not only the planning and organization of rural
tourism function and structure but also the dissection and
integration of the spatial base. The construction of the spatial
pattern here lies in the following three objectives: first, to
ensure good development of rural tourism; second, to utilize
and protect resources reasonably; and third, to allocate rural
tourism products properly.

3.3. Construction and Analysis of the Multifactor-Weighted
Neural Network Algorithm Model. 1t is necessary to select
suitable factors and models to construct the multifactor
model. If the process of building a multifactor model is
likened to the production process of the factory, the factor
will be the raw material, and the model will be the pro-
duction line. With given raw materials, the choice of dif-
ferent production lines means different processing
technology and different results correspondingly. Usually,
the construction of multifactor model can be divided into
the simple additive weight, linear regression method, and
artificial intelligence approach. Although the simple additive
weight can calculate the weighted average of each factor, it is
impossible to predict the internal factors. Therefore, the
multifactor model under simple additive weight is combined
with neural network to construct a multifactor-weighted
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FIGURE 2: Requirements of rural tourism on the spatial pattern.

neural network model to evaluate the spatial pattern of rural
tourism.

As the core algorithm of the model, neural network
algorithm is very important to understand the role of data
sources related to the spatial pattern of rural tourism. In the
neural network algorithm system, CNN is the fastest
growing feedforward neural network model with the best
performance with the biggest advantage of local connection
and weight sharing. Numerous neurons in CNN are orga-
nized in a certain way to respond to the overlapping areas in
the vision field [21]. In CNNs, the first parameter of its
operation is called the input and the second parameter
(function w) is called the kernel function. The output is
sometimes called the feature map [22]. Usually, CNNs
perform convolution operations on multiple dimensions.
Substitute a two-dimensional matrix I into the input and a
two-dimensional kernel K, then the following equation is
obtained:

SGj)=I-K)Gj)=) Yy ImmKGi-mj-n), ()

m n

where i, j, m, and n are fixed parameters, representing the
dimension and order of the matrix. The exchange of con-
volutions can be equivalently written as
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SG,j) =(I-K) (i, j) =Y Y I(i—m, j-nK (m,n). 2)

m n

The exchangeability feature of convolution operation is
caused by the kernel flip corresponding to the input. The
index of kernel is decreasing with the increase of the index of
input. The only purpose of kernel flip is to achieve ex-
changeability. Although exchangeability is useful in proving,
it is not an important property in the application of neural
networks. In contrast, many neural networks have a cor-
relation function called cross-correlation function [23],
which is almost identical to the convolution operation but
cannot flip the kernel, as presented in

SGi,j)=(I-K) (i j) =) Y I +m, j+mK(mn). (3

Any neural network algorithm that uses matrix multi-
plication but does not depend on the special properties of
matrix structure is suitable for convolution operation
without great modification. The working principle of CNN is
to update the control weight w and bias b by continuously
adjusting the learning rate y and minimize the loss function,
so as to obtain the predicted value closest to the real value
[24]. Typical CNNs usually use three important ideas,
namely, sparse interaction, parameter sharing, and equiv-
ariant representation, to improve the machine learning
system, in order to deal with large-scale input more
effectively.

The spatiotemporal graph convolution network
(STGCN) is proposed after combining the spatial pattern
and time characteristics of rural tourism. The spatial
characteristics of rural structure can be extracted by graph
convolution. In the time dimension, the one-dimensional
convolution and the gating linear unit are used to extract the
short-term evolution dependence of the spatial pattern. The
two are alternately fused to form a spatiotemporal convo-
lution block. Finally, the model structure is built on a stack of
spatiotemporal convolution blocks. The feature extraction of
rural tourism spatial pattern based on multifactor-weighted
spatiotemporal CNN algorithm is illustrated in Figure 3.

The network structure of rural tourism spatial pattern is
a general topological graph, where the weight of each factor
may not be equal. Therefore, the two-dimensional convo-
lution commonly used in CNNs is not applicable in the
topological graph but more suitable for Euclidean structures
with grid data. Here, similar convolution operations need to
be defined in general graphs to extract spatial features. The
graph convolution operator “*G” is introduced based on the
definition of spectral graph convolution, that is, the trans-
formation of the signal x € R” by a kernel ®, as shown in

0,;x=0(Lx=0UAU" )x=UOU"x. (4

In equation (4), L refers to the normalized Laplacian
matrix L = I, - D"Y2WD'? of the network graph for the
spatial pattern, where I, denotes the n-order unit matrix,
D e R™ is the degree matrix of the network graph,
D;; = ¥ jw;j, and W € R™" represents the weight matrix of
the network graph. Besides, U € R™" is the Fourier basis,
which is the matrix composed of the eigenvectors of L, that
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FIGURE 3: Process of feature extraction of rural tourism spatial pattern
via the multifactor-weighted spatiotemporal CNN algorithm.

is, L=UAUT. Finally, A € R™" means the matrix is com-
posed of the eigenvalues of L.

In the actual calculation, Chebyshev polynomials can be
used to avoid matrix feature decomposition and reduce
computational complexity. In the Chebyshev polynomials of
K- 1-order, the approximate kernel is ©. K is the size of the
convolution kernel (Kernel size) of the graph, similar to the size
of the traditional convolution operation, which determines the
maximum radius of the convolution starting from the center
node [25]. Thus, graph convolution can be written as follows:

K-1
0,;x=0(L)x~ ) 6T, (D)x, (5)
k=0

where I represents a scaled Laplacian matrix L =

(2L/A ) — I, and 6y is a network parameter to be learned.
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T} signifies a k-order Chebyshev polynomial determined by
the following recursive relation expressions:

Ty(x)=1,
Tl (X) =X, (6)
T () =2xT, (x) = T,_; (x).

The complexity of graph convolution calculation can be
reduced from O(n?) to O(K]e|) through K approximation
cores ® of the Chebyshev polynomial.

Using the same convolution kernel ® in M time steps
in the rural tourism spatial pattern, the graph convolution
can be used on the three-dimensional tensor of the rural
tourism spatial pattern. The output of a single convolution
kernel at each time step is an n-dimensional vector R". The
output of C, (o means output or the number of channels
for the output vector, i.e., the extraction of features of
different factors in the spatial pattern network) convo-
lution kernels at each time step is R, and the output at
all time steps is RM™Co,

Then, the feature of rural spatial pattern is extracted by
the STGCN. The input of the time convolution of each vertex
can be regarded as a sequence of length M, with Ci channels
(i denotes the input or the number of channels of the input
vector), written as Y € RM*Ci, Besides, the convolution
kernel is T € RK>2€*Ci and Y is mapped to the result. Time-
gated convolution can be defined as follows:

I,;Y = Peo(Q) e RMK1)xC
P=W,Y +b, € RMK)C, (7)
Q=W,Y +b, e RMK)<Cy,

where P and Q, respectively, refer to the input gates of GLU
(gated linear unit), and each of them uses different C, (0 means
output or the number of channels for the output vector, i.e., the
extraction of features of different factors in the spatial pattern
network) convolution kernel parameters to perform linear
transformation on the input vector Y. Furthermore, W; and b;
are the corresponding weight and bias parameter. ® refers to
the Hadamard product. ¢ represents the sigmoid activation
function commonly used in neural networks, and the nonlinear
gate o (Q) controls the information entering the model in P.
Compared with the activation function value directly using
linear transformation, the structure can better excavate the
complex time characteristics of rural spatial pattern [26]. The
input and output of spatiotemporal convolution blocks are
three-dimensional tensors. The input of the I-th spatiotemporal

convolution block is Ve RM<C' - and s output is
V1 e RIM=2(K=DnxC irhich s gained by
V' =15, ;RELU(E', 4(T], 1)) (8)

Here, I, and T}, ;. are the upper time convolution and
lower time convolution in the /-th spatiotemporal convo-
lution block. Moreover, @', , is the graph convolution in the
middle, and RELU stands for the activation function of the
linear correction unit.
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Data are mapped to the predicted flow to further extract
the temporal and spatial characteristics in the rural spatial
pattern. Meanwhile, the output of the last spatiotemporal
convolution block is introduced into the output layer com-
posed of two temporal convolutions and a fully connected
layer. The output result of the output layer is the predicted value
of the next step, combined with the original data to reconstruct
x = (xp,..., %, X,,1). Then, the predicted value of the next
step is obtained through the model until obtaining the pre-
dicted value of the future H-th step [27]. The optimization loss
function of the whole model can be written as

L(i;? WG) = Z ”’ﬁ(vt—Mﬁ—l’ oo Ve W@) - Vt+1||2~ 9)
t

In equation (9), Wy refers to the weight training pa-
rameters in the model, v,,, denotes the real value of the
future, and 7(-) shows the prediction of the model.

According to the convolution operation o (Wx +b) in
CNNs, the graph convolution operation can be defined as
0(®Lx) below, where W and b in the former and @ in the
latter are the parameters to be learned, as follows:

0,65x =0(gy(L)x) = G(ge(U/\UT)x) = G(Uge (/\)UTx),
6,
go(N) =

n

(10)

To avoid matrix eigenvalue decomposition and reduce
the number of parameters, g, (A) can be improved as

gg(/\)=<Zocj/\{‘-,Zocj)tfl>. (11)
=0 =0
Thus, equation (12) can be obtained as

K
0,cx = U(Uge(/\)UTx) = 0(2 ochjx>. (12)

j=0

To avoid computing matrix multipliers, it is proved that
equation (12) can be approximated by k — 1-order Cheby-
shev polynomial, as shown in

K-1
O,;x=0(L)x=~ Y 6T, (D)x. (13)
k=0

Among them, 8y is the network parameters to be learned.
Equation (13) is used as the graph convolution operation of
the first layer to integrate the information of k nodes around
the node. Thus, the spatial pattern characteristics of multiple
channels can be obtained through several groups of different
parameters 6.

The square error is used as the loss function here, and the
optimization objective can be expressed as

min > ||)’t—)7t||i~, (14)

teTrain

where ® is the parameters to be learned in the graph
convolution layer, whereas y, is the real flow at time t and y,
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is the predicted flow. Meanwhile, the objective function is
optimized by the Adam optimization algorithm to conduct
the subsequent calculation and parameter solution.

The training of the proposed model mainly includes the
learning rate updating strategy through the “Poly” learning
rate adjustment method via the polynomial attenuation [28],

as shown in
power
) . (15)

In equation (15), the initial learning rate init_lr is 0.0005
(5¢7*) and the power is set as 0.9.

. < epoch
init I x[ 1 - ———
max _epoch

3.4. Data Sources of the Spatial Pattern of Rural Tourism in the
Study Area. The research data of rural tourist attractions are
from the list of rural tourist attractions published by the
official website of the Department of Culture and Tourism of
Ningxia Hui Autonomous Region (http://whhlyt.nx.gov.cn/)
in 2009 and 2019. Besides, the basic road data comes from the
1:10,000,000 national basic geographic database released by
the National Dynamic Atlas (http://www.webmap.cn). Fi-
nally, the administrative boundary data of the villages come
from the standard map service website of the Department of
Natural Resources of Ningxia Hui Autonomous Region
(http://zrzyt.nx.gov.cn/).

3.5. Simulation Analysis. The MATLAB network simulation
software is used for the simulation analysis of the perfor-
mance of the multifactor-weighted spatiotemporal CNN
algorithm. The data resource has been explained in the
previous section. The obtained data are divided into the
training set, verification set, and test set according to the
proportion of 60%, 20%, and 20%, respectively.

The hyperparameters of the constructed neural network
model are set as the following: the number of iterations is 60,
the simulation time is 2000 s, and the batch size is 128. In the
performance analysis of the proposed model, the prediction
performance is compared with other algorithms applied by
other scholars in related fields from the perspectives of
accuracy, precision, recall, and F1 values (weighted har-
monic mean of precision and recall). The comparative al-
gorithms include LSTM [29], Bi-directional long short-term
memory (BiLSTM) [30], the AlexNet improved by Visual
Geometry Group (VGGNet) [31], AlexNet [32], and STGCN
[33]. Furthermore, both hardware and software configura-
tions are considered in the specific simulation experiment.
The software is equipped with the Linux 64-bit operating
system and Python 3.6.1, along with the PyCharm devel-
opment platform. The CPU of the hardware is Intel core i7-
7700 @ 4.2 GHz of 8 core, with the memory of Kingston ddr4
2400 MHz of 16G, and the GPU is Nvidia GeForce 1060 of
8G.

The following indicators are mainly taken into account
in the use of the obtained data to evaluate the spatial pattern
of rural tourism. Firstly, the nearest neighbor distance index
(NNI). The calculation result of the average distance between
the closet attractions is compared with that between nodes in
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the random distribution to analyze the degree of deviation

from the random distribution, so as to obtain the distri-

bution type of rural tourism attractions [34]. The calculation

can be written as

¥y min(d,-]-)/N]w (16)
OW i

In equation (16), min (d;;) refers to the distance between
any scenic spot i and its nearest scenic spot j; N is the total
number of rural scenic spots; and A is the total area of the
study area. NNI<0.5 is generally considered as aggregate,
with 0.5 <NNI<0.8 as aggregate random, 0.8 <NNI<1.2 as
random, 1.2 <NNI< 1.5 as random discrete, and NNI > 1.5
as uniform.

Secondly, the standard deviation ellipse mainly reflects
the moving direction of the centroid of the scenic spot space.
Suppose a region has n subregions, (x;, y;) is the center
coordinates of the i-th region and w; is the attribute value
and weight of the i-th subregion [35]. The standard deviation
ellipse can be expressed as

NNI = [

2o Wi % 2io1 Wiy
Yw o XiLw |
Third, the time cost of accessibility of the scenic spot. The
accessibility is quantitatively analyzed by the minimum time

spent by tourists, and the small value demonstrates the good
accessibility [36], which can be expressed as

T; = Exp (i, j). (18)

In equation (18), T; represents the accessibility of site
location i of the scenic spot j, whereas Exp (i, j) denotes the
minimum time-consuming function to calculate the traffic
between i and j. Among them, the isochronous circle is
mainly divided into six parts: <1h, 1-2h, 2-3h, 3-4h, 4-5h,
and >5h.

M(X,Y) = (17)

4. Results and Discussion

4.1. Comparative Analysis of Prediction Performance of Each
Model Algorithm. The comparative analysis is conducted on
the spatiotemporal convolution neural network algorithm
based on multifactor weighting to study the prediction
performance of the constructed model on the spatial pattern
of rural tourism. The constructed model is compared with
LSTM, BiLSTM, VGGNet, AlexNet, and STGCN from the
perspective of accuracy, precision, recall, and F1 values, with
the results shown from Figures 4 to 7.

According to the results presented from Figures 4 to 7,
the accuracy of the constructed model reaches 97.69%,
which is at least 2.13% higher than that of the deep learning
algorithms (including LSTM, BiLSTM, VGGNet, AlexNet,
and STGCN) used by other scholars. Besides, the neural
network model has the highest precision, recall, and F1
value, and the F1 value may be smaller than the precision
and recall rather than be between them. Therefore, com-
pared with the deep learning algorithm adopted by other
scholars, the spatiotemporal CNN algorithm based on
multifactor weighting has better prediction accuracy and
better performance in evaluating the spatial pattern of rural
tourism.
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FIGURE 4: The comparison result of accuracy among the model and
other deep learning algorithms.
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FIGURE 5: The comparison result of precision among the model and
other deep learning algorithms.

4.2. Spatial Pattern Evaluation of Rural Tourist Attractions.
In the spatial pattern evaluation of rural tourist attractions,
the spatial pattern of rural tourist attractions in the seven
tourism plates of Ningxia Hui Autonomous Region in 2019
is compared with that in 2009. The spatial distribution
concentration, spatial centroid mobility, and spatial con-
nection accessibility of rural tourist attractions are expati-
ated from Figures 8 to 10.

The NNI of the seven tourism plates is shown in Figure 8.
It can be found that the spatial distribution concentration of
rural attractions in Ningxia Hui Autonomous Region does
not change significantly at the provincial level. The NNT in
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FIGURE 7: The comparison result of F1 value among the model and
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2009 was 0.57, and the spatial structure type was aggregate-
random. The NNI in 2019 was 0.69 increasing by 0.12.
Meanwhile, the random distribution trend of attractions
increases, but the spatial structure type was still aggregate-
random, showing strong stability. The concentration of
spatial distribution of scenic spots was analyzed from var-
ious tourism plates. Among them, the NNI of the Great Sand
Lake Holiday and Leisure Area in 2009 was 0.67, with the
aggregate-random distribution type, compared with the
NNI of 0.48 and the aggregate distribution type in 2019. In
2009, the NNI of the Xixia Cultural Tourism District was
0.62 with the aggregate-random distribution type, compared
with the NNI of 0.45. Besides, the agglomeration trend of
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scenic spots increased and the spatial structure type changed
from aggregate-random to aggregate. In 2009, the NNI of the
Saishang Hui Township Cultural Experience was 1.12 with
the random distribution type of scenic spots, compared with
the NNI of 0.63 in 2019. Meanwhile, the agglomeration trend
of scenic spots increased, changing into the aggregate-
random distribution type. In 2009, the NNI of the Frontier
Cultural Tourism Plate was 0.75 with the aggregate-random
distribution type of scenic spots, compared with the NNI of
0.56 in 2019. The agglomeration trend of scenic spot dis-
tribution also increased, but the spatial structure type did not
change. In 2009, the NNI of the Great Shapotou Resort and
Leisure Plate was 0.86 with the random distribution type of

scenic spots, compared with the NNI of 0.61 in 2019.
Furthermore, the agglomeration trend of scenic spot dis-
tribution increased, and the spatial structure type changed
from aggregate-random to aggregate-random. In 2009, the
NNI of the Weizhou Historical and Cultural Tourism Plate
was 0.94 with the random distribution type of scenic spots,
compared with the NNI of 0.48 in 2019. Besides, the ag-
glomeration trend of scenic spot distribution increased,
changing into the aggregate spatial structure type. In 2009,
the NNI of the Great Liupan Red Ecological Resort Plate was
0.71 with the aggregate-random distribution type of scenic
spots, compared with the NNT of 0.44 in 2019. The trend of
scenic spot aggregation distribution increased, and the
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spatial structure type changed from random type to ag-
gregate type.

The spatial centroid mobility of scenic spots indicates the
degree of change of the overall layout direction of tourist
attractions in the region. The analysis of the change of the
standard deviation ellipse area of the distribution of A-level
rural tourist attractions in the seven tourism plates from
2009 to 2019 is shown in Figure 9. The elliptical direction of
each tourism plate is consistent with the distribution of the
whole province. Under the influence of the “The Belt and
Road Initiative,” the number of plate attractions increases,
but the centroid moves southwest.

Through the analysis of the spatial accessibility of rural
tourist attractions in Ningxia, as shown in Figure 10, the time
cost of scenic spot accessibility changed significantly at the
provincial level from 2009 to 2019. The change rate of one-hour
isochronous circle was 41.67%, the change rate of the iso-
chronous circle of 1-2 hours was 1.95%, the change rate of the
isochronous circle of 2-3 hours was 15.19%, and the change rate
of three-hour isochronous circle was negative. Meanwhile, the
spatial distribution of accessibility of scenic spots shows an
increasing trend from the scenic spots along the main traffic
arteries to the periphery. The areas with better accessibility are
contiguously distributed around the traffic arteries and cities,
while the rural scenic spots with poor accessibility are dis-
tributed in the rugged terrain of the provincial boundary.

5. Conclusion

The rural tourism attractions in Ningxia Hui Autonomous
Region are selected as the research object to investigate the
current situation of the spatial pattern of rural tourist at-
tractions. Meanwhile, a spatiotemporal CNN model based on
multifactor weighting is constructed to evaluate the spatial
pattern of rural tourism. Through simulation, it is found that
the constructed CNN model has high prediction accuracy of

97.69% and can effectively evaluate the spatial pattern, which
can provide experimental basis for the digital development of
rural tourism spatial pattern in the later stage.

6. Future Work

The evaluation and analysis of the spatial pattern of rural
tourism reveal that although it can make a more accurate and
effective evaluation, there are also some deficiencies. For ex-
ample, in the spatial pattern analysis of scenic spot accessibility,
only the impact of land transportation on rural tourism space
in Ningxia is evaluated, and aviation is not included in the
accessibility cost resistance model. In addition, the research
only selects tourism destinations and transportation routes and
lacks the relevant analysis of market factors.

In the future research direction, on the one hand, it is
necessary to extend the research time limit, include market
factors, explore the advantages and disadvantages of cluster
development between plates, consider the impact of natural
factors such as terrain and climate and human factors like social
economy on accessibility, include aviation into the accessibility
cost resistance model for evaluation, and minimize the cal-
culation error of accessibility index value. On the other hand, in
the future research, it is required to break the administrative
boundaries and build a global tourism cooperation develop-
ment model, to provide reference for the development of rural
tourism economy and the improvement of spatial pattern.
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