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Abstract: It is necessary to promote harmony between the economic growth of tourism and the re‑
source environment to achieve the green and sustainable development of China’s tourism industry.
The research objects were taken in 30 provinces and cities in China. The green innovation efficiency
of tourism is measured and evaluated based on the super‑efficient SBM model and Moran index.
The spatial and temporal heterogeneity of the influencing factors of green innovation efficiency is
analyzed using the GWR model. The study shows that: (1) The level of green innovation efficiency
of the tourism industry as a whole keeps improving during the study period, but the development
is uneven among eastern, central, and western provinces. (2) The spatial correlation of the green in‑
novation efficiency of the tourism industry in 30 provinces and cities keeps getting closer and closer,
and some regions show the characteristics of spatial aggregation. (3) The green innovation efficiency
of the tourism industry is affected by various factors, such as the level of economic development and
the level of professional development of the tourism industry. (4) Tourism green innovation effi‑
ciency is influenced by various factors, such as economic development level and tourismprofessional
development level, and there are apparent intensity differences and spatial heterogeneity among var‑
ious influencing factors. Finally, reasonable countermeasures are proposed to promote the overall
improvement and balanced development of green innovation efficiency in China’s tourism industry.

Keywords: tourism industry; green innovation efficiency; super efficiency SBMmodel; GWRmodel

1. Introduction
Since the reform and opening up, China’s tourism industry has developed by leaps

and bounds, and tourism has become an essential part of people’s daily life. “During the
14th Five‑Year Plan period, tourism development is still in an important strategic oppor‑
tunity period, and the tourism industry is facing new requirements of high‑quality de‑
velopment. In 2022, General Secretary Xi Jinping pointed out during the two sessions that
implementing the five development concepts of innovation, coordination, green, openness,
and sharing is the only way for China to develop and grow in the new era”. As a result,
promoting green and low‑carbon development has become the main task of government
work and national economic and social development in 2022.

Specifically, this study aims to construct a scientific and objective index evaluation
system to measure the level of green innovation efficiency in China’s tourism industry on
the basis of comprehensive reference to existing studies and overall grasp of the current
situation of China’s tourism industry, to analyze the evolution pattern of the level of green
innovation efficiency in China’s tourism industry from the perspective of time and space,
and finally select representative indexes to explore the factors influencing green innova‑
tion efficiency in the tourism industry and its spatial and temporal development. Finally,
we select representative indicators to explore the factors influencing the green innovation
efficiency of the tourism industry and their spatial and temporal heterogeneity, and pro‑
pose targeted countermeasures based on the empirical results. By empirically measuring
the level of green innovation efficiency in China’s tourism industry, revealing the spatial
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and temporal differences in green economic efficiency among different regions and their
changing trends, and analyzing the specific effects of various factors on green innovation
efficiency, it is not only important for green innovation development and the sustainable
development of the tourism industry in each region, but also conducive to promoting the
overall ecological civilization construction work.

2. Literature Review
Combining the literature related to this study, foreign scholar Fussler first defines the

connotation of green innovation, which is a way to produce new products using the latest
technology, and to a certain extent, achieves the coordinated development of economic
value and environmental protection [1]. Subsequently, domestic and foreign scholars ex‑
tended the research on green innovation to similar levels, such as eco‑innovation and sus‑
tainable innovation [2–6]. Synthesizing the research results of domestic and foreign schol‑
ars, the connotation of green innovation is mainly divided into two aspects: On the one
hand, it is to reduce the negative impact on the environment through the development and
application of new products or processes. On the other hand, it is the improvement of envi‑
ronmental performance to get the highest possible benefit in economic, technological, and
green aspects with the smallest human, capital, and resource input and pollution output.

Scholars at home and abroad have generally used mathematical models to construct
multi‑perspective evaluation index systems to evaluate green innovation efficiency and its
impact factor analysis. Most of them have focused on the fields of industry and high‑tech
industry [7–11]. With the continuous research on green innovation efficiency, scholars
began to focus on the tourism field. Green innovation efficiency of tourism refers to the
evaluation of the level of green innovation development of tourism in a specific geographi‑
cal area, which is the level of effective utilization of various green innovation input factors
under the premise of careful consideration of innovation R&D benefits, economic bene‑
fits and resource, and environmental benefits. Razzaq analyzed the relationship between
green innovation and economic growth in tourism and verified the hypothesis of tourism‑
led [12] economic growth. GurlekM and KoseogluMA studied the antecedents and conse‑
quences of green innovation development in the tourism and accommodation sector and
its prospects [13]. Yue XG and Gao J confirmed that green innovation in tourism plays an
essential role in reducing global carbon emissions and achieving the goal of carbon neu‑
trality [14]. Focusing on the green innovation of tourism products, Liu Y and Deng MR
reveal that the green creation of tourism [15] products has a unique life cycle and thus
improves the green quality of tourism products. Using the modified gravity model and
social network analysis, Liu J and Song QY investigate the spatial characteristics and de‑
velopment [16] trend of green innovation efficiency inChina’s tourism industry and further
analyze its influencing factors and mechanisms.

XuWQused super‑efficient SBM, standard deviation ellipsoid, and geographic detec‑
tor to reveal that the green innovation efficiency evolution pattern of the tourism industry
in coastal areas of China is a spatial pattern formed by the combined effect of dominant
technology spillover, induced effect of infrastructure radiation, urbanization agglomera‑
tion, and economic drive, and driving effect of industrial optimization, opening to the
outside world, environmental control, and innovation leadership [17]. Using the super‑
efficient SBM model, Li JH measured the eco‑efficiency and tourism industry efficiency
and their coupling coordination in nine cities in Guizhou Province and proved that the eco‑
efficiency of nine cities in Guizhou Province showed a U‑shaped development state [18].
Li G measured tourism economic‑ecological efficiency and its total factor productivity us‑
ing CCR‑DEA and MALMQUIST‑DEA models and proved that the level of economic de‑
velopment and fixed asset investment have a positive contribution to tourism economic‑
ecological efficiency [19]. An K used the super‑efficient SBM model, the distribution dy‑
namic method, and panel quantile regression to reveal the evolution pattern of green in‑
novation efficiency in China’s tourism industry and its main causes The level of economic
development and tourism industry agglomeration are the core factors for the evolution of
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green innovation efficiency in the tourism industry at national and regional levels, and the
degree of openness to the outside world, the intensity of environmental regulation, and
the scale of tourism enterprises have obvious regional heterogeneity [20].

In summary, although there is some progress in the research on green innovation ef‑
ficiency in the tourism industry, there are still some research gaps in the existing studies.
Firstly, from the perspective of the research object, the previous studies mainly focus on
the industrial field. At the same time, the tourism industry has some involvement, but the
overall research is relatively small. In addition, in the previous studies, scholars mainly
studied the influencing factors through qualitative analysis without fully considering the
influence of spatial effects, which cannot effectively reveal the spatial heterogeneity of the
influencing factors. In this paper, we choose the super‑efficient SBM model to measure
the green innovation efficiency of tourism in 30 provinces and cities in China from 2009 to
2019 and use the Moran index and GWR model to analyze the spatial and temporal het‑
erogeneity of green innovation efficiency and influencing factors of tourism in China. The
research results can provide some reference for tourism’s green and sustainable develop‑
ment in China and other similar regions or countries.

3. Methods and Data Source
3.1. Super‑Efficient SBMModel

Before evaluating the green innovation efficiency of tourism industry, we should first
clarify the evaluation method. The green innovation efficiency of tourism industry is to
evaluate the efficiency of capital, human as well as green resources utilization in the Chi‑
nese tourism industry, which involves various indicators, so this paper chooses data en‑
velopment analysis to study the green innovation efficiency of the tourism industry. Data
envelopment analysis is a quantitative analysismethod that uses linear programmingwith
multiple inputs and outputs to evaluate the relative effectiveness of comparable units of
the same type, and it has absolute advantages in dealing with multiple output‑multiple
input effectiveness evaluation problems [21], which can simultaneously evaluate the pro‑
duction performance of decision making units (DMU) with multiple input elements and
output elements. It is able to evaluate the production performance of DMUswith multiple
input and output elements at the same time, avoiding the complexity and subjectivity of
the measurement process due to the different scales of evaluation indicators. However,
the traditional DEA model has the problem of slack variables in inputs or outputs and the
problem that themeasurement results are all 1 and thus cannot be compared, whichmay af‑
fect the measurement results. For this reason, Tone et al. [22,23] proposed a super‑efficient
SBM model to solve the above problems, which can be described as:

minρSE=
1+
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(1)

As in the above equation, It represents the calculated efficiency value.when ρSE ≥ 0, it
means that the decision unit is valid and there exists ρSE ≥ 1. An enormous value indicates
a more efficient decision unit. X is the input vector, Y is the desired output vector, and b is
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the undesired output vector. s−i and denotes s+i . For the input and output slack variables,
λ denotes the weight vector, n denotes the number of DMUs, m represents the number of
input indicators, and means the number of desired and undesired outputs, respectively
q1q2.

3.2. Spatial Correlation Analysis
3.2.1. Global Spatial Autocorrelation‑Global Moran’s I Index

The global spatial autocorrelation (Global Moran’s I) can be used to measure the dis‑
tribution characteristics of the whole study unit among spatial elements, which can effec‑
tively test the autocorrelation of regional units in neighboring or proximity relationships,
and thus discover the patterns that exist in the spatial distribution of green innovation
efficiency in this study. The global Moran’s I index can be defined as

Moran’s I = n∑n
i=1∑n

i=1wij(xi−x)(xj−x)
(∑n

i=1∑n
i=1wij)(∑n

i=1(xi−x)2 (2)

The above equation: and denotes the green innovation efficiency values of tourism in
xi different regions; denotes xj. The average value of green innovation efficiency; denotes
the spatial weight matrix. If i and j are adjacent, then = 1. If not, then = 0. The global
Moran’s I index ranges from −1 to 1. If the global Moran’s I index is between 0 and 1,
then there is a positive spatial correlation x and the green regions with higher (or lower)
innovation efficiency levels tend to be significantly clustered in space; if the Moran’s in‑
dex is between −1 and 0, it proves that there is a negative spatial correlation and green
innovation efficiency wij levels are randomly distributed in space; if Moran’s index is 0, it
indicates no spatial correlation wijwij. It is also necessary to analyze the obtained P and
Z‑values while judging the Moran index.

3.2.2. Local Spatial Autocorrelation—Local Moran’s I Index
The local spatial autocorrelation (Local Moran’s I) can effectively measure the spatial

correlation of green innovation efficiency in each region of China’s tourism industry, and
the scatter plot can reflect the local spatial differences and the spatial clustering of green
innovation efficiency more intuitively, so as to reveal the spatial clustering of green inno‑
vation efficiency in each province of China’s tourism industry. The local Moran’s index
can reflect the clustering or dispersion of a region locally, which is defined as follows.

Ii=
Xi−X

s

n

∑
i=1

wij(Xi−X) (3)

S=
1
n

n

∑
i=1

(Xi−X)2 (4)

As in the above equation, if the local Moran’s I > 0, it means that the region itself and
the surrounding regions are high‑high (low‑low) adjacent, and if the local Moran’s I < 0, it
means low‑high (high‑low) adjacent.

3.3. Geographically Weighted Regression (GWR) Model
If the research data or objects contain spatial attributes, there may be autocorrelation,

variability, and complexity in space, which often lead to differences in the relationship be‑
tween the explanatory and dependent variables in different spaces, and this phenomenon
is called spatial non‑stationarity. The existence of such spatial non‑stationarity makes the
traditional linear regressionmodel no longer applicable andmay lead to errors ormistakes
in the study results. Therefore, the GWRmodel is introduced to avoid or reduce the effects
of errors caused by spatial non‑stationarity. The GWRmodel further extends the ordinary
linear regression (OLR) model. The GWR model embeds the geographic location of all
sampling points into the regression parameters, effectively reflecting the spatial variabil‑
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ity of the effect of the independent variable on the dependent variable. The GWR model
can be written as

yi = β0(mui,vi) + sum
p
k=1βk(ui,vi)xik + εi i = 1,2,· · · ,n (5)

where yi denotes the green innovation efficiency value of tourism in a region: I denote
the kth explanatory variable in a part where I am the region’s coordinator. I suggest the
regression parameter of descriptive variable k in area I and the random error term in region
i. xik(ui,vi)βk(ui,vi)εi.

3.4. Data Sources
This study uses the study population of 30 provinces and cities in China (excluding

Tibet and Hong Kong, Macao, and Taiwan). The period 2009–2019 is chosen as the study
period, considering the availability of data and the possibility of significant fluctuations in
the study results due to the major impact of the COVID‑19 epidemic on tourism in 2020.
Given the time lag between input and output indicators, a time lag period of 1 year was
determined, with data from 2009–2018 for input indicators and from 2010–2019 for output
indicators, mainly from the China Statistical Yearbook, China Tourism Statistical Yearbook,
China Environmental Statistical Yearbook, and the National Economic and Social Develop‑
ment Statistical Bulletin of each province. Since the tourism industry data statistics are not
yet independent and perfect, some indicators are converted through the proportion of total
tourism revenue equivalent to the regional GDP.

4. Research Design and Result Analysis
4.1. Construction of Green Innovation Efficiency Evaluation Index System of the Tourism
Industry and Analysis of Results
4.1.1. Construction of Green Innovation Efficiency Evaluation Index System for the
Tourism Industry

In this paper, based on the principles of scientific, objective, completeness, and compa‑
rability in setting up indicators and combining the current situation of green innovation in
China’s tourism industry as well as its connotation, the indicator system is set up based on
three aspects, which are input, expected output, and non‑expected output. The indicator
system is shown in Table 1. The specific indicators are described as follows.
(1) Input indicators: Combined with the studies of Liu J [17], Wang YK [24], and Wei

ZX [25] et al., the economic and ecological innovation efficiency of tourism industry
development can be achieved on the basis of reducing resource consumption by in‑
vesting in tourism innovation elements of talent, capital, and resources and carrying
out tourism innovation activities. Economic efficiency lies in relying on scientific and
technological progress to promote green production in the tourism industry, which
in turn improves the efficiency of tourism resource utilization. Ecological innovation
efficiency lies in the combination of tourism green innovation activities and prod‑
ucts to reduce the negative impact of tourism activities on the ecological environment
and enhance tourism environmental welfare. The green innovation efficiency of the
tourism industry precisely combines tourism economic efficiency and ecological in‑
novation efficiency, thus realizing the high‑quality development of the tourism indus‑
try. Therefore, this paper selects the number of employees in the tourism industry,
research funds in the tourism industry, and the number of tourist attractions of grade
3 or above as the indicators of labor input, capital input, and tourism resource input
in the tourism industry based on domestic and foreign studies [26]. At the same time,
the greening coverage rate of the city’s built‑up area and the number of institutions
are introduced as the measurement indicators of the green innovation dimension.

(2) Expected output indicators: the output of green innovation activities carried out by
the tourism industry is generally reflected in social and economic benefits. Social
benefits include subjective emotions, such as tourists’ satisfaction and willingness to
revisit, which are difficult to measure in a standardized way and therefore are not
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selected. Therefore, this paper only considers the output of economic benefits, so
tourism revenue is set as the desired output indicator. In addition, the number of
patents applied by tourism is introduced as a measure of innovation benefits.

(3) Non‑desired output indicators: environmental pollution is the key issue affecting
green innovation in tourism due to the limitation of data calculability and the num‑
ber of indicators, so this paper selects tourism wastewater discharge and solid waste
discharge as non‑desired output indicators based on the research of Liu Jia and other
scholars [27].

Table 1. Tourism green innovation efficiency evaluation index system.

Primary Indicators Second‑Level Indicators Tertiary Indicators

Input indicators

Human input Number of employees in the tourism
industry

Financial input Tourism industry research funds

Resource input Number of tourism scenic spots above
grade 3A

Green Innovation Inputs Greening coverage rate of built‑up areas

Output indicators
Desired Outputs

Number of tourism colleges and
universities

Total tourism revenue
Number of tourism patents

Non‑desired output
indicators

Tourism industry wastewater emissions
Tourism solid waste emission

4.1.2. Analysis of Empirical Results
The data of 30 provincial administrative regions collated by MaxDEA8 software are

processed to obtain the green innovation efficiency values of tourism in 30 provinces in
China from 2009 to 2019 and then divided into three regions: east, middle, and west, and
the average value of green innovation efficiency of tourism is calculated, to reflect the green
innovation efficiency of tourism in three major regions in China intuitively, 2010–2019. To
visually reflect the green innovation efficiency of tourism in the three areas of China, the
green innovation efficiency of tourism in the three regions of China is plotted from 2010
to 2019.

As shown in Figure 1, depicting the green innovation efficiency of 30 provincial‑level
administrative regions in the east, central, and west, as well as the overall mean value over
time from 2009 to 2019, and the integrated green innovation efficiency values of tourism in
the east, central, and west and the whole country, the green innovation efficiency values of
tourism in China generally showed an upward trend during the study period. The green
innovation efficiency of tourism grew slowly before 2015. After 2015, rapid development
was achieved, and all three regions reached their maximum values in 2019. Therefore,
using 2015 as the cut‑off point can be further divided into two stages. The first stage is
the stable growth stage, as the conditions of science and technology level, capital invest‑
ment, location factors, and transportation accessibility in the eastern region are more sub‑
stantial than those in the central and western areas, which can transform tourism‑related
inputs into higher output levels and thus improve the green innovation efficiency of lo‑
cal tourism. Therefore, the average green innovation efficiency of tourism in the eastern
region is always higher than the average value in the central and western areas and the
national average and is at a higher level overall, with a more significant gap.
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Figure 1. The trend of green innovation efficiency changes in the regional tourism industry,
2009–2019.

Meanwhile, the green innovation efficiency value in the west is higher than that in the
central region because the central region is an intermediate transition region, which does
not have the developed economic level and location advantage of the eastern region nor the
natural tourism resources the western region is blessed. However, the difference between
the west and central regions is negligible. This stage is on the rise, but the overall devel‑
opment is flat. After 2015, the rapid growth phase, after entering the 13th Five‑Year Plan
period, General Secretary Xi Jinping put forward the five development concepts; adhering
to green development, innovative development, green innovation into the economy, pol‑
itics, culture, tourism, and other aspects. The three major regions of China, east, central,
and west, relying on their advantages and responding to national policies, have optimized
the tourism development structure and economic growth model, putting green develop‑
ment and innovative development in the first place, and achieving substantial growth in
tourism green innovation efficiency. At the same time, the gap between the three regions
is gradually narrowing, and the green innovation efficiency of tourism is developing pro‑
gressively in the direction of balance. However, analyzing the trend of green innovation
efficiency in tourism from the east, middle, and west of China alone cannot profoundly
explore the inner correlation of green innovation efficiency in tourism in each province
and city. Therefore, spatially analyzing the interaction of green innovation efficiency in
tourism in each region is necessary.

4.2. Spatial Correlation Analysis of Green Innovation Efficiency in Tourism
4.2.1. Global Spatial Correlation Analysis

Using GeoDa software, the Moran index values of green innovation efficiency in
China’s tourism industry from 2009 to 2019 were calculated using distance spatial weights
as the spatial correlation weight matrix, as shown in Table 2. According to the calculation
results in Table 2, the globalMoran indexeswere all positive, the p‑valueswere all less than
0.05, and the Z‑scores were all greater than 1.96, which passed at least the 5% significance
level test. This shows a positive spatial correlation between regions of green innovation
efficiency in China’s tourism industry. The green innovation efficiency of China’s tourism
industry shows aggregation characteristics in spatial distribution. Moreover, according
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to the graph of the Moran index in Figure 2, the Moran index generally shows a fluctu‑
ating upward trend, indicating that the spatial aggregation of green innovation efficiency
in China’s tourism industry is usually increasing. The reason for this may be that it is
easy to strengthen the cooperation among the neighboring provincial administrative units
in the economy, technology, and talents, which supports the spatial correlation of green
innovation efficiency.

Table 2. Mean Moran index and test results of green innovation efficiency in China’s tourism indus‑
try, 2009–2019.

Year Moran’s I p‑Value Z‑Value

2009 0.233 0.006 3.216
2010 0.312 0.009 3.304
2011 0.267 0.023 2.481
2012 0.272 0.016 2.366
2013 0.246 0.027 2.140
2014 0.346 0.004 2.832
2015 0.233 0.031 2.001
2016 0.442 0.000 3.749
2017 0.352 0.005 2.785
2018 0.342 0.002 3.318
2019 0.370 0.003 3.719
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Figure 2. The trend of Moran’s I index of green innovation efficiency in tourism in 30 Chinese
provinces and cities, 2009–2019.

4.2.2. Local Spatial Correlation Analysis
Local Moran exponential scatter plot of the mean value of green innovation efficiency

of tourism in 30 provinces and cities from 2009–2019, as shown in Figure 3, is obtained
using GeoDa software. Moran’s I index scatter plot includes four quadrants. The first
quadrant to the fourth quadrant represent high‑high, low‑high, low‑low, and high‑low
clustering of observation units, respectively. The first quadrant represents each province
and city’s green innovation efficiency with neighboring areas and cities is higher, and The
difference is negligible. The second quadrant indicates that each region and city has low
and high green innovation efficiency in the surrounding areas. The third quadrant shows
that each province and city and the regional city have low green innovation efficiency,
and the difference is negligible. The fourth quadrant indicates that each area and city has
higher and lower green innovation efficiency than the neighboring provinces and cities.
Specifically, as shown in Figure 3, high‑high and low‑low clustering are more significant,
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as 22 regions and cities are distributed in the first and third quadrants, accounting for
73% of all provinces, further confirming the significant spatial clustering of green innova‑
tion efficiency in China’s local tourism industry. Several provinces and municipalities are
distributed in the second and fourth quadrants. Specifically, those falling in the first quad‑
rant include eastern areas, such as Jiangsu and Beijing, due to the high level of economic
development in the region, which drives the growth of green innovation in tourism. Those
falling in the third quadrant mainly include central andwestern provinces, such as Jiangxi,
Sichuan, and Shaanxi, which have a high degree of accumulation. Still, the average value of
green innovation efficiency in tourism is generally low. Hence, the construction of ecolog‑
ical civilization should be vigorously promoted to facilitate the sustainable development
of green innovation in tourism.
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4.3. Research on Factors Influencing Green Innovation Efficiency of the Tourism Industry
in China
4.3.1. Geographically Weighted Regression Model Research Design

To further explore the spatial and temporal heterogeneity of tourism green innova‑
tion efficiency, we selected the level of economic development (ED), industrial structure
(INP), professional tourism development (TS), environmental regulation intensity (ER),
degree of marketization (MD), and level of openness to the outside world (FDI) to es‑
tablish a geographically weighted regression model (FDI), to establish the independent
variables of the geographically weighted regression model and the annual green innova‑
tion efficiency values of the tourism industry in 30 provinces and cities as the dependent
variables [28–32]. The factors affecting the differences in green innovation efficiency values
between provinces and cities were obtained.

The level of economic development is closely related to the development of each lo‑
cal industry and, to a certain extent, affects the level of innovation in tourism as well as
the level of industrial development. Therefore, in this study, the GDP per capita of the
region is used to measure the level of economic growth in the area. The share of the ter‑
tiary sector in the region’s GDP is used to measure the region’s industrial structure. The
level of professional development in the tourism industry promotes the formation of spe‑
cialized labor divisions in the tourism industry in the area, and positive externality effects,
such as resource sharing and technological knowledge spillover, further enhance the uti‑
lization rate of resources, mitigate pollution emissions, and contribute to the efficiency of
green innovation. This indicator can be characterized by the entropy of the tourism indus‑
try location. Borrowing from Ma Xue Feng, this paper measures the level of professional
tourism development in 30 [33] provinces and cities in China by the proportion of regional
tourism revenue to the region’s GDP. Environmental regulation intensity is a kind of man‑
agement or constraint imposed by the local government on the production activities of
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the production sector and other economic behaviors to improve environmental problems.
This indicator is based on the approach of Hao Shouyi et al., by standardizing the data of
three waste emissions and then calculating the weights. The product of standardization
and weights is [34] used to obtain the environmental regulation intensity. The level of ex‑
ternal openness is characterized by using the ratio of the actual amount of foreign capital
employed to GDP.

The level of marketization can promote healthy competition among individual enter‑
prises to a certain extent by activating the market economy and promoting green innova‑
tion efficiency in tourism. The provincial marketization index characterizes the marketiza‑
tion level in this paper.

Given that the GWR model deals with cross‑sectional data, this paper selects two
years of 2012 and 2019 influencing factor index values for comparative analysis. The inde‑
pendent variables are standardized by extreme differences to eliminate the influence of the
magnitude between different indicators. Before building the model, we first conducted a
cointegration test on the independent variables to avoid the bias of the regression results
due to the multicollinearity among the variables. Table 3 shows the results of multiple
cointegrations of factors influencing green innovation efficiency in tourism. The variance
inflation factors of the independent variables are all well below 10, which indicates that
there is almost no multicollinearity. With the GWR tool in ArcGIS software to construct
a geographically weighted regression model, we used an adaptive approach to determine
the optimal bandwidth of the minimum information criterion (AIC) to analyze the differ‑
ences in the influencing factors of green innovation efficiency in China’s tourism industry
in different regions. The regression results are shown in Table 4. The goodness‑of‑fit val‑
ues for the two years, 2012 and 2019, were 0.88 and 0.79, respectively, with adjusted R2
of 0.81 and 0.69, both of which were greater than 0.5. The GWR model in this study can
well explain the spatial heterogeneity of green innovation efficiency in the Chinese tourism
industry.

Table 3. Results of covariance test for independent variables in 2012 and 2019.

Year ED IN FDI MD TS ER

2012 3.29 2.25 2.84 3.03 1.22 1.28

2019 4.04 3.36 2.72 2.64 1.36 1.25

Table 4. Results of the GWR model for green innovation efficiency in the Chinese tourism industry.

GWRModel Parameters 2012 2019

Bandwidth 1,355,374 2,535,886
Residual Squares 0.20 0.79
Effective Number 16.32 10.60

Sigma 0.11 0.19
AICc 15.22 3.42

Adjusted R2 0.88 0.79
Adjusted R2 0.81 0.69

4.3.2. Spatial and Temporal Heterogeneity Analysis of the Factors Influencing Green
Innovation Efficiency in China’s Tourism Industry

The coefficients of the six independent variables of the GWR model of green innova‑
tion efficiency of China’s tourism industry in 2012 and 2019 are shown in Figure 4. In 2012,
the coefficient of the influence of the level of economic development (ED) on the green inno‑
vation efficiency of the local tourism industry was negative. The more developed the econ‑
omy is, themore significant the negative influence on the green innovation efficiency of the
tourism industry is. According to the environmental Kuznets curve, when the economic
development of a region ismore backward, the smaller risk of environmental pollution can
promote the green innovation efficiency of tourism to a certain extent, while the eastern
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part is more economically developed than the western region. The risk of environmental
pollution also increases with the increase of economic development level, so in the early
stage, the higher the level of economic development in the eastern region, the more signif‑
icant the negative impact on the green innovation efficiency of local tourism [35]. From
2019 onwards, after the economic development level reaches a certain critical point, the en‑
vironmental quality tends to improve, and the economic development level significantly
influences tourism’s green innovation efficiency. This influence gradually decreased from
northwest to southeast. The reason for this is that the tourism industry in northwest China
started late and has been vigorously developed in recent years because of its rich natural
tourism resources. In contrast, the tourism industry in the eastern region started earlier.
The efficiency of capital utilization gradually decreased with the excessive concentration
of capital and the continuous expansion of the investment scale. Therefore, the influence
of economic development level on the current green innovation efficiency of the tourism
industry in the west is more significant than that in the east region.

The two independent variables of regional industrial structure and the degree of mar‑
ketization generally have a significant positive impact on the green innovation efficiency
of the local tourism industry and show a decreasing trend from southeast to northwest.
In 2012, the effect of the northwest region on the green innovation efficiency of the local
tourism industry was hostile. The reason for this is that, generally, the economic and in‑
dustrial structure and the degree of marketization in the southeast region of China are
more rational and advanced than those in the northwest region. The advantages of indus‑
trial design in the southeast region have emerged continuously as the tourism industry in
China has started to develop in a green and sustainable way in recent years. The increase
in the degree of marketization has also strengthened the competition among tourism enter‑
prises, which is conducive to saving production factors and optimizing resource allocation
to enhance the green innovation efficiency of the tourism industry.

According to Zhu Jinhe et al.’s research, there are two hypotheses of “pollution par‑
adise” and “pollution halo” for the effect of opening up [36] to the outside world on green
innovation efficiency. In the early stage of opening up to the outside world, a higher level
of openness can facilitate the introduction of advanced technology and production man‑
agement experience, which in turn promotes the improvement of management level and
the optimization and upgrading of technology. As the level of openness increases, the
degree of openness has a significant “competition effect”, and the local government, to
continuously attract potential investments from nearby areas, causes the advantages of
transparency in the surrounding regions to weaken gradually, which to a certain extent
curbs the efficiency of green innovation in the surrounding areas. The above hypothesis is
widely applied in the industrial field. In this study, in 2012, China’s level of openness to the
outsideworld generally had apositive impact on the green innovation efficiency of tourism.
In 2019, with the increasing level of transparency, the level of green innovation efficiency
of tourism in some regions began to decrease, which verified the existence of a “pollution
halo” and “pollution paradise” in tourism, i.e., the “pollution paradise” hypothesis.

Consistentwith thework of XuHui et al., environmental regulation and local green in‑
novation efficiency have a “U” shaped relationship, inwhich the early stage [37] of environ‑
mental law is not conducive to improving green innovation efficiency due to the increase
of ecological management costs. In the later stage of environmental regulation, the local
government’s management capacity is enhanced. The substantial growth of economic out‑
put is far greater than the ecological management costs, which in turn has a catalytic effect
on the green innovation efficiency of the local tourism industry. This study shows that in
most regions of China in 2012, the impact coefficient of the influence of environmental reg‑
ulation on the green innovation efficiency of the local tourism industry was hostile. Still,
until 2019, although the intensity of ecological law became positive on the green innova‑
tion efficiency, its explanatory strength is at a low level, roughly at the bottom right of the
U‑shaped curve. The increase in tourism industry output due to environmental regula‑
tion offsets the early ecological management costs. It has not yet been able to substantially
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contribute to the green innovation efficiency of the local tourism industry. The level of
professional development in the tourism industry has a significant positive impact on the
improvement of green innovation efficiency in the local tourism industry, and the effect is
gradually increasing. The reason for this is that as the level of local tourism specialization
increases, the clustering and exchange of various tourism factors gradually increase, and
the scale and radiation effects generated by tourism development increase, thus enhancing
the green innovation efficiency of local tourism.

Sustainability 2022, 14, x FOR PEER REVIEW 13 of 17 
 

      

      

      

Figure 4. Cont.



Sustainability 2022, 14, 16458 13 of 16

Sustainability 2022, 14, x FOR PEER REVIEW 14 of 17 
 

      

      

Figure 4. Spatial variation of regression coefficients of influencing factors of the geographically 
weighted regression model of green innovation efficiency of the Chinese tourism industry. 

5. Conclusions and Discussion 
5.1. Conclusions 

In this paper, the super-efficient SBM model, Moran index, and GWR model are used 
to measure the green innovation efficiency of tourism in 30 provinces in China and the 
spatial and temporal variation characteristics and influencing factors of green innovation 
efficiency of tourism in different areas are analyzed. The following conclusions are drawn: 
(1) The green innovation efficiency of China’s tourism industry has been improving in 

general, and it has achieved rapid growth with the introduction of the five develop-
ment concepts. From a regional perspective, the average value of the green innovation 
efficiency of tourism in the eastern region is always higher than that in the central and 
western areas, as well as the national average, and the gap between the three parts is 
gradually narrowing. The green innovation efficiency of tourism gradually tends to 
be balanced. 

(2) In terms of spatial distribution, the global Moran index is positive and shows a fluc-
tuating upward trend, which indicates that the spatial aggregation of green innova-
tion efficiency in China’s tourism industry is increasing. In the scatter plot of the mean 
local Moran index of green innovation efficiency in 30 provinces and cities, 22 prov-
inces and cities in China are distributed in the first and third quadrants, which further 

Figure 4. Spatial variation of regression coefficients of influencing factors of the geographically
weighted regression model of green innovation efficiency of the Chinese tourism industry.

5. Conclusions and Discussion
5.1. Conclusions

In this paper, the super‑efficient SBMmodel, Moran index, and GWRmodel are used
to measure the green innovation efficiency of tourism in 30 provinces in China and the
spatial and temporal variation characteristics and influencing factors of green innovation
efficiency of tourism in different areas are analyzed. The following conclusions are drawn:
(1) The green innovation efficiency of China’s tourism industry has been improving in

general, and it has achieved rapid growth with the introduction of the five develop‑
ment concepts. From a regional perspective, the average value of the green innova‑
tion efficiency of tourism in the eastern region is always higher than that in the central
andwestern areas, aswell as the national average, and the gap between the three parts
is gradually narrowing. The green innovation efficiency of tourism gradually tends
to be balanced.

(2) In terms of spatial distribution, the global Moran index is positive and shows a fluctu‑
ating upward trend, which indicates that the spatial aggregation of green innovation
efficiency in China’s tourism industry is increasing. In the scatter plot of the mean lo‑
calMoran index of green innovation efficiency in 30 provinces and cities, 22 provinces
and cities in China are distributed in the first and third quadrants, which further leads
to a similar conclusion as the global Moran index, i.e., high‑high agglomeration and
low‑low agglomeration are more significant.

(3) The green innovation efficiency of China’s tourism industry is influenced by many
factors, the strength and tendency of various influencing factors differ from region to
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region, and the influence on green innovation efficiency of tourism industry has ob‑
vious spatial and temporal heterogeneity. Moreover, the level of economic develop‑
ment has a positive influence on green innovation efficiency and gradually decreases
from northwest to southeast. The level of economic development has a positive im‑
pact on green innovation efficiency and decreases from the northwest to the southeast.
The industrial structure and the degree of marketization have a significant positive
impact on green innovation efficiency in general, showing a decreasing trend from the
southeast to the northwest. The level of openness has a negative impact on the green
innovation efficiency of tourism in some regions. The level of professional develop‑
ment of tourism has a significant positive influence on the green innovation efficiency
of local tourism, and the influence gradually increases. The intensity of environmen‑
tal regulation has a U‑shaped relationship with local green innovation efficiency, and
environmental regulation has not yet played a substantial role in promoting the green
innovation efficiency of local tourism.

5.2. Policy Suggestions
Based on the results of the empirical analysis, we can put forward the following policy

suggestions. First, the government should continue to promote the high‑quality develop‑
ment of China’s economy, change the standard factor input and investment‑driven crude
developmentmodel, and then realize the fundamental transformation of economic growth
from factor‑driven to innovation‑driven. Second, the government should continuously op‑
timize the industrial structure, strengthen the role and position of tourism in the tertiary in‑
dustry, and promote the unification of green and economic benefits of tourism. Third, the
cooperation and exchange mechanism within each province and city should be improved
to enhance communication and exchange in areas, such as infrastructure, tourism plan‑
ning, collaborative innovation, pollution prevention, and control, and promote the optimal
allocation of tourism resources and balanced and coordinated development. Fourth, the
relevant government departments should set different standards for the intensity of envi‑
ronmental regulations according to the development characteristics of tourism in other re‑
gions, deepen institutional reform, and establish a sound legal system and environmental
regulation system, so that the relationship between environmental regulations and green
innovation efficiency will be in the rising stage on the right side of the “U” curve as soon as
possible, i.e., to achieve a significant increase in the efficiency of environmental regulations
on tourism. The efficiency of green innovation is greatly improved.

5.3. Limitations and Future Research
Tourism is a comprehensive industry that does not exist in isolation and is closely

related to many industries. Although the measurement index system established in this
paper integrally considers green innovation activities from the perspectives of innovation,
environment, and resources, due to the limited academic ability, the selection of green in‑
novation efficiency evaluation indexes is only based on reference to other scholars and the
data available. The selection of indexmeasurement is also relatively simple. Finally, due to
the relevant statistical yearbook not being updated in time or containing incomplete disclo‑
sure, the data acquisition in this paper represents another limitation. Although the number
of missing values is relatively small and is also compensated by scientific estimation, it still
affects the accuracy of the empirical results to a certain extent.

From the perspective of the research object, this paper takes tourism as the research
object to start the analysis, and the current tourism industry is deeply integrated with sci‑
ence, technology, culture, and the future. Hence, studies can focus on a certain segment of
tourism industry, such as cultural tourism, rural tourism, etc. From the research perspec‑
tive, this paper focuses on the green innovation efficiency of China’s tourism industry at
the provincial level. With the combination of optimal capital allocation, policy guidance,
and technology selection, urban cluster economies have flourished. Currently, China al‑
ready has city clusters, such as the Yangtze River Delta city cluster, Beijing‑Tianjin‑Hebei
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city cluster, and Guangdong‑Hong Kong‑Macao Greater Bay Area. City clusters symbol‑
ize the increasing level ofmodernization and also represent one of the signs of high‑quality
economic development. In the future, I think we can start from the level of city clusters,
update the data to the level of prefecture‑level cities, and launch a valuable heterogeneity
analysis to accurately grasp the level of green innovation efficiency of tourism in city clus‑
ters, which is of great practical significance to promote the efficiency of green innovation
in regional tourism.
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