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Abstract
Facing the severe situation of environmental problems, coordinating the sustainable devel-
opment of tourism and the construction of new urbanization is conducive to regional sus-
tainable development. Based on the perspective of uncoupling coordination, this paper 
evaluates the coordination relationship between the sustainable development of tourism 
and the development of new urbanization, analyzes their temporal and spatial character-
istics, and analyzes the restriction mechanism behind the uncoordinated relationship from 
the dynamic interaction. The findings are as follows: (1) At present, Shanghai, Jiangsu and 
Anhui are at a low level of uncoordinated development, while other regions are at an antag-
onistic uncoordinated development stage. (2) The regional difference of uncoupling coor-
dination degree between tourism eco-efficiency and new urbanization is getting smaller 
and smaller, and it tends to develop in a balanced way, which accords with the strategic 
goal of coordinated development. However, the degree of uncoupling coordination changes 
from relatively weak aggregation to relatively strong aggregation. (3) From the long-term 
dynamic impact, the eco-efficiency of tourism has a negative impact on the development 
of new urbanization in Shanghai, Chongqing, Yunnan and a positive impact on Jiangsu 
and Hubei, with the contribution rates of 26%, 66%, 58%, 24% and 51%, respectively. New 
urbanization has a positive impact on the eco-efficiency of tourism in Anhui and a negative 
impact on Guizhou, with the contribution rates of 65% and 57%, respectively. The uncou-
pling coordination relationship and the interaction between the two systems are closely 
related.
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1 Introduction

In the past few decades, a series of eco-environmental problems, such as resource shortage, 
ecological destruction and environmental pollution, brought about by economic and social 
development, have been widely concerned. Human economic activities cannot be separated 
from a good ecological environment. Under the background of global natural environment 
problems and sustainable development goals, China strongly advocates building an eco-
logical civilized society and developing a low-carbon economy. Cities are the biggest con-
tributors to carbon emissions. The complex relationship between urbanization and ecologi-
cal environment is an important issue related to global sustainable development (Qi et al., 
2020). Aware of the severe environmental problems, China is committed to implementing 
the new urbanization (NU) strategy, which is to develop urbanization with the basic char-
acteristics of urban–rural plan as a whole, urban–rural integration, city–industry interac-
tion, conservation and intensification, ecological livability, and harmonious development, 
and urbanization in which large, medium and small cities, small towns, and new rural 
communities develop in a coordinated and mutually reinforcing manner. In the process of 
urbanization, China has experienced a rapid growth in the scale of tourism development. 
There is no doubt that rapid urbanization has created conditions for the development of 
tourism, adding value to tourism and promoting its economic growth. In 2019, the num-
ber of domestic tourists in China exceeded 6 billion, with a total tourism revenue of 6.63 
trillion yuan and a combined contribution to GDP of 10.94 trillion yuan, accounting for 
11.05% of total GDP, indicating that the tourism industry is becoming an important engine 
of China’s economic growth (Xinhua News Agency, 2020, March 10). As a pillar industry 
of China’s national economy, tourism not only plays an increasingly important role in the 
economy, but also plays an important role in the construction of NU with its low resource 
consumption, high industrial ties, close regional ties, remarkable effect of enriching the 
people and outstanding sustainable features (Zhang & Li, 2020). Tourism is a comprehen-
sive industry that provides travel and excursion services by virtue of tourism resources and 
facilities, and involves a wide range of tourism-related industries. Tourism urbanization, 
triggered by the agglomeration of tourism industries, is an important mode of urbanization 
in which tourism is a key component of the geography and economy of expanding cities 
(Mullins, 1991). Tourism can advance regional economic development as well as promote 
regional environmental optimization and social construction. Tourism and urbanization 
process complement each other.

The Yangtze River Economic Belt (YREB) is an important strategic development region 
in China, its economic status is unshakeable, and it is the main body of NU development in 
China. The average urbanization rate of provinces and cities in the YREB was 61.7% in 2019, 
exceeding the national average (Yangtze River Economic Network, 2021, January 22), and 
there are 76 national comprehensive pilots of new urbanization in the region, accounting for 
30.4% of the country (Paper, 2020, June 24). Therefore, NU construction is also an important 
part of the YREB that cannot be ignored. The construction of NU requires that the economic 
development mode should be changed from the traditional extensive mode to the intensive and 
innovative mode, and a green and low-carbon circular development economic system should 
be established and improved, so as to realize the coordination between economic development 
and ecological environment protection (Chen et al., 2018). Therefore, ecological priority and 
green development are important ways to realize NU construction. Tourism is a typical green 
industry with low consumption, low pollution and recyclability. The Yangtze River is the main 
concentration area of China’s highly influential natural landscape and humanistic tourism 
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resources, and in 2014, the Guidance on Promoting the Development of Yangtze River Eco-
nomic Belt by Relying on the Golden Waterway issued by the State Council proposed to cul-
tivate the YREB into an international golden tourism belt. Since then, based on the strategic 
positioning of the development of the YREB, eco-tourism has become an important means 
to coordinate ecological protection and economic development. In 2017, the Outline of the 
Development Plan for the International Golden Tourism Belt of Yangtze River was officially 
proposed. The YREB concentrates the most developed provinces in the tourism industry in 
the eastern, central and western regions of China. In 2019, the YREB received a total of about 
8.6 billion tourists, and the total tourism revenue exceeded 10 trillion yuan, accounting for 
about 40% of the total national tourism revenue (Wang et al., 2022). Therefore, Yangtze River 
tourism is of great importance in the development of China’s tourism industry and regional 
economy. Tourism is not only one of the core industries of the modern service industry in the 
YREB, which is driven by innovation and promotes industrial transformation and upgrading, 
but also the main assisting industry in promoting NU in an all-round way, especially the devel-
opment of urban agglomerations in the upstream (Ge & Xi, 2015). Similarly, the industrial 
optimization and upgrading, infrastructure improvement and ecological optimization transfor-
mation brought by NU construction can provide important support and basic guarantee for the 
sustainable development of tourism (Sun & Huang, 2020). However, whether it is the devel-
opment of urbanization or tourism industry, the threat of its own development attributes to the 
environment cannot be ignored. Tourism eco-efficiency (TEE) is an effective tool to measure 
the sustainable development of tourism, which measures the environmental efficiency from 
the perspective of economic benefits (Peng et al., 2017; Qin et al., 2021). Therefore, analyz-
ing the coordination relationship between TEE and NU is helpful to promote the sustainable 
development of tourism and the construction of NU, and solve many problems such as severe 
ecological environment situation and unbalanced regional development in the YREB so as to 
realize China’s goal of high-quality development and sustainable development.

Previous studies have shown that the relationship between urbanization and tourism, as 
well as between urbanization, tourism and ecological environment, has improved, but there 
is still room and potential for improvement in their coordination level (Li, Yang, et al., 2021a; 
Xie et al., 2021; Zhang & Li, 2020). Therefore, based on the perspective of uncoupling coor-
dination, this paper evaluates the coordination relationship between tourism sustainable devel-
opment and NU development, analyzes their temporal and spatial variation characteristics, and 
explores the restriction mechanism behind the uncoordinated relationship from the dynamic 
interaction between the two. This paper breaks through the limitations of simple measure-
ment and comparison of coupling coordination degree in the past, and reveals the coordinated 
development trend and mutual restriction mechanism of tourism sustainable development and 
NU construction in important strategic areas. Through this research, on the one hand, it can 
provide practical guidance and scientific reference for future work, and promote the coordi-
nated development of tourism and urbanization under the background of sustainable develop-
ment goals. On the other hand, it can provide reference for the coordinated development of 
important strategic development areas in other countries in the world and research in similar 
fields.
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2  Literature review

The Chinese government put forward the first ecological civilization strategy in 2007. In 
2014, the Chinese government put forward the NU strategy after putting forward the idea 
of ecological civilization into the whole process of China’s urbanization, emphasizing the 
all-round integration of ecological concepts into urbanization and promoting the green 
development of cities. Relevant research found that rapid urbanization caused serious eco-
logical damage (Zhang & Xu, 2017) and interfered with ecological function expression (Yi 
et al., 2018). The pilot policy of NU is conducive to improving the quality of urban envi-
ronment (Wu et al., 2021), and NU strategy has significant energy-saving effect in some 
areas (Lin & Zhu, 2021). That is to say, NU construction is conducive to the sustainable 
development of environmental friendliness. Urbanization provides basic guarantee for the 
development of tourism (Liu et al., 2021) and brings influence (Luo, Qiu, & Lam, 2015b). 
However, previous literatures discussed the impact of urbanization on regional ecological 
environment (Aguilera et al., 2020; Fang, Liu, et al., 2021a), agriculture (Cai et al., 2021) 
and construction industry (Zhang et al., 2021), but seldom discusses the impact of urbani-
zation on the ecological development of tourism.

Similarly, the development of tourism also affects urbanization. For example, tourism 
industry agglomeration has a positive impact on urbanization (Zhao & Dong, 2017). In 
the long-term development, there is an obvious Kuznets curve effect between tourism eco-
nomic development and urban ecological efficiency (Bai et al., 2018). In addition, related 
research found that the increase of tourist traffic brought benefits to the economy and soci-
ety (Lanzara & Minerva, 2019), but aggravated the challenge of urban sustainability (Lee 
& Liao, 2021); developing rural tourism is one of the effective ways of urban transforma-
tion (Zeng et al., 2021); low-carbon tourism helps to solve urban environmental problems 
(Zhang, 2017; Zhang & Zhang, 2020). All these studies show the importance of ecological 
development of tourism to urban development, but they mainly focus on a single perspec-
tive, and do not study the impact of comprehensive ecological development level of tour-
ism on urban development, that is, the impact of sustainable development of tourism on 
urbanization. At the same time, TEE, as an important index to evaluate the sustainable 
development ability of tourism, has not been fully applied in the research on the coordi-
nated development of tourism and urbanization under the goal of sustainable development.

Because of the complex relationship between tourism, urbanization and ecological envi-
ronment, the coupling, coordination and mutual influence among them have been widely 
concerned by scholars. In the research on the relationship between tourism, urbanization 
and ecological environment, the early research focused on the one-way impact relationship 
(Burak et al., 2004; Luo, Qiu, Goh, et al., 2015a; Zhao & Dong, 2017), with the continuous 
deepening of research, gradually turned to a higher level of interactive symbiotic relation-
ship research (Li, Yang, et al., 2021a; Satrovic & Muslija, 2019; Shen et al., 2022). The 
research methods include coupling coordination degree(Cui et al., 2019), spatial correla-
tion model (Yuan et al., 2019) and panel vector autoregression (PVAR) model (Adedoyin 
& Bekun, 2020) and so on. In the study of coupling relationship, most scholars pay atten-
tion to the evaluation, comparison and spatial–temporal distribution characteristics of cou-
pling degree and coupling coordination degree (Fan et al., 2020; Fang, Shi, et al., 2021b; 
Li, Wang, et al., 2021c; Xie et al., 2021).

To sum up, previous studies focused on the three as three independent systems, ignoring 
the ecological attributes of tourism and urbanization. Therefore, the study on the relation-
ship between TEE and the development level of NU is more conducive to the coordinated 
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development of tourism and urbanization under the background of sustainable develop-
ment goals. In addition, coupling relationship and mutual influence relationship are often 
regarded as two independent research directions, and few studies combine them, which is 
not conducive to in-depth and comprehensive relationship analysis.

3  Research methods and data sources

3.1  Research method

3.1.1  Super‑SBM model

At present, TEE evaluation is usually measured by data envelopment analysis (DEA), 
which overcomes the limitations of life cycle method, stochastic frontier analysis and other 
methods, and has strong objectivity and comprehensiveness (Sun & Pratt, 2014). Among 
them, the Super-SBM model not only overcomes the errors caused by the slack variables 
of the traditional DEA models (CCR and BBC), but also solves the problem of ineffective 
sequencing of multiple decision units (DMUs), thus accurately measuring data. The calcu-
lation formula for TEE value �TCE is (Tone, 2002):

s.t

In Eq. (1), �TEE is the target efficiency value, i.e., tourism eco-efficiency value, m and s 
were the number of input and output, indicators Si

− ≥ 0, Sr
+ ≥ 0 represented the slack vari-

ables of input and output, respectively, x and y represented the input and output variables, 
respectively, λj ≥ 0 (j = 1, 2, …, n) represented the weight vector.

Labor, capital and energy are the basic factors of production related to the development 
of tourist destinations, and they are the important directions of input indicators. Generally 
speaking, the development of tourism will produce social, economic and environmental 
outputs. Usually, the total tourism revenue is the expected output, while the environmental 
pressure represents the unexpected output of tourism carbon emissions. In this paper, con-
sidering the synergy among population, economy and environment, and comprehensively 
referring to the existing research results, the index system shown in Table 1 is constructed.

(1)min �TCE =

1 +
1

m

m∑
i=1

s−
i
∕xik

1 −
1

s

s∑
r=1

s+
r
∕yrk

n∑
j=1,j≠k

xij�j − s−
i
≤ xik

n∑
j=1,j≠k

yij�j + s+
r
≥ yrk

�, s−, s+ ≥ 0

i = 1, 2,… ,m; r = 1, 2,… , s; j = 1, 2,… , n(j ≠ k)
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3.1.2  Entropy method

Based on the objective consideration, this paper uses information entropy to calculate 
the weight of each index, and then comprehensively measures the NU level of each 
province and city in the YREB. The specific calculation steps are as follows (Yang & 
Sun, 2015):

The evaluation of NU mostly focuses on five aspects: population, economy, space, soci-
ety and ecology. The traditional evaluation index of urbanization level mainly involves 
population, economy and space, which is reflected in the expansion of quantity and scale. 
The evaluation of NU level is more focused on the improvement of urbanization quality. 
Therefore, based on people’s pursuit of a harmonious and fair society and a beautiful living 
environment, taking into account the urbanization development in social and ecological 
environment. Based on the existing research results, the index system shown in Table 2 is 
constructed.

3.1.3  Uncoupling coordination degree model

Coupling degree refers to the interaction between two or more systems, and the coupling 
coordination degree model is used to analyze the coordinated development level of things. 
On the basis of the existing research (Li, Zhao, et  al., 2021b), this paper constructs an 
uncoupling coordination model.

Normalization of indicators ∶ Pij = Zij∕

h∑
a=1

m∑
i=1

Zaij

Calculate the entropy of each indicator: Ej = −k

h∑
a=1

m∑
i=1

Paij lnPaij, k = 1∕ ln(hm)

(2)Calculate the entropy redundancy of each indicator: Dj = 1 − Ej

Calculate the weight of each indicator: Wj = Dj∕

n∑
j=1

Dj

Entropy ∶ NUi =

n∑
j=1

ZijWij

(3)

⎧⎪⎪⎪⎨⎪⎪⎪⎩

ND = 1 − D

D = (C ⋅ T)1∕2

C = 2

�
U

1
⋅ U

2�
U

1
+ U

2

�2
�1∕2

T = aU
1
+ bU

2
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In Eq. (3), ND represents the degree of uncoupling coordination; D represents cou-
pling coordination degree; C represents coupling degree; T represents the comprehen-
sive level of NU and TEE; a and b represent undetermined coefficients. This paper 
considers that the two systems are equally important, so a = b = 0.5 is taken accord-
ingly. According to the existing research results, the uncoupling coordination degree is 
divided into four stages (Table 3).

3.1.4  Vector autoregression (VAR) model

The vector autoregression (VAR) model can simulate the dynamic interaction between 
TEE and NU. At the same time, impulse response function and variance decomposition 
analysis are used to discuss the response and contribution degree to disturbance terms. 
The specific formula is as follows (Chu et al., 2021):

In Eq. (4), t represents time; yt is endogenous variable, xt is exogenous variable; C is 
a constant vector; ap and b are coefficient matrices to be estimated; p is the lag order of 
the model; �t is a random disturbance term.

3.2  The data source

Due to the incomplete data statistics of Tibet, the required data are seriously missing. 
This paper takes other 30 provinces and cities in Mainland China as the research object. 
According to the principles of truthfulness, scientific, objectivity and accessibility of 
data acquisition, the data are mainly from China Statistical Yearbook, China Tourism 
Statistical Yearbook, China Tourism Yearbook, Tourism sample Survey Data, China 
Traffic Statistical Yearbook, Tertiary Industry Statistical Yearbook and provincial statis-
tical yearbook from 2007 to 2020. For some missing data, interpolation method is used 
to supplement and perfect them.

(4)Yt = C + a1yt−1 + a2yt−2 + ⋅ ⋅ ⋅ + apyt−p + bxt + �t

Table 3  Classification of uncoupled coordination degree

Uncoupling 
coordination 
degree

Uncoupling coordination degree Uncoupling 
coordination 
degree

Uncoupling coordination degree

0 ≤ ND ≤ 0.2 Low-level uncoupling coordina-
tion

0.5 ≤ ND ≤ 0.8 Running-in uncoupling coordina-
tion

0.2 ≤ ND ≤ 0.5 Antagonistic uncoupling coor-
dination

0.8 ≤ ND ≤ 1 High-level uncoupling coordination
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4  Result analysis

4.1  Tourism eco‑efficiency and new urbanization level measurement results

The comprehensive evaluation indexes of TEE and NU in the YREB from 2006 to 2019 
were calculated by Super-SBM model and entropy method, and the comprehensive eval-
uation indexes of 2006, 2011, 2016 and 2019 were visualized by ArcGIS 10.6 software 
(Fig. 1).

From the distribution characteristics of TEE, TEE in the YREB showed an upward trend 
from 2006 to 2019, and the difference between the east and the west gradually decreased. 
The top TEEs in YREB are Shanghai, Jiangsu and Guizhou, and their efficiency values 
are all greater than 1, leading the downstream and upstream TEEs; Sichuan, Hubei and 
Hunan are ranked lower, and their efficiency values are all less than 0.7, which to some 
extent restricts the TEE level in the upstream and midstream. The main reason is that the 
downstream of the YREB are located in the eastern part of China, which is the most devel-
oped economic region in China with strong support from policies, capital, technology and 
other resources. In 2006, TEE was lower in Sichuan and Hunan, and higher in Guizhou 
and Jiangsu, which showed the distribution characteristics of high in the east and low in 
the west. In 2011, the main changes of spatial distribution were that TEE in Shanghai and 
Zhejiang increased obviously and TEE in Chongqing decreased obviously. Compared with 
the distribution pattern in 2006, there was little change in the overall regional difference. 
In 2015, the TEE in the YREB was generally improved, and the gap between the east and 
the west was significantly reduced. The TEE level in Shanghai, Jiangsu, Guizhou, Yunnan 
was higher, while that in Chongqing, Hubei and Hunan was lower. In 2019, regional TEE 

Fig. 1  Spatial distribution of tourism eco-efficiency and new urbanization level
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was further improved, with TEE levels in Shanghai, Jiangsu, Guizhou, Yunnan, Anhui 
and Jiangxi all reaching a high level, while TEE levels in Sichuan, Hubei and Hunan were 
lower. From the perspective of relative differences within regions, with the adjustment 
of national regional development strategies and the implementation of policies, regional 
development differences generally decrease, which is in line with the strategic goal of Chi-
na’s regional coordinated development. On the whole, the characteristics of TEE region in 
the YREB are as follows: downstream > upstream > midstream. The upstream of YREB is 
located in the western part of China, with rich and under-explored natural and human land-
scape resources, and its TEE has great potential to be improved under the trend of western 
development, so its efficiency value is gradually catching up with the midstream region and 
gradually approaching with the downstream region.

From the distribution characteristics of NU, the overall development quality of NU in 
the YREB from 2006 to 2019 was relatively stable, but the difference between east and 
west was obvious. The difference between the east and the west of NU is closely related 
to the great differences in topography, transportation, resources, climate and infrastruc-
ture between the eastern and western regions of China. From these aspects, the urbani-
zation development in the western region of China is very limited, with a small number, 
low density, unbalanced distribution, large scale and grade difference and strong regional 
dependence. In 2006, the development level of NU in Shanghai, Jiangsu and Zhejiang was 
obviously higher than that in other regions, while Guizhou and Yunnan were relatively 
backward, showing the spatial distribution characteristics of "high in the east and low 
in the west". In 2011, the difference between the central and western regions decreased, 
and the development level of NU in Anhui, Jiangxi, Chongqing, Sichuan and other places 
improved significantly. In 2015, the spatial distribution characteristics of the decline of the 
development level of NU in the YREB from the downstream area to the upstream area 
became more and more obvious. In 2019, on the whole, the regional differences did not 
change much, which was basically consistent with the spatial distribution pattern in 2015. 
It indicates that the urbanization construction level in the upper and midstream of the 
YREB has improved under the strategic layout of the western development and the rise of 
central China, however, the capacity of small towns to gather industries and population is 
limited, the infrastructure is backward, and thus the urbanization construction still cannot 
catch up with the downstream located in the east. On the whole, the regional characteristics 
of TEE in the YREB are as follows: downstream > midstream > upstream.

4.2  Uncoupling coordination degree between tourism eco‑efficiency and new 
urbanization development

4.2.1  Evaluation results of uncoupling coordination degree

In order to reveal the difference of uncoupling coordination among regions in the YREB, 
according to the measurement results of the uncoupling coordination degree between TEE 
and NU, this paper makes visual processing of the uncoupling coordination degree values 
in 2006, 2011, 2015 and 2019. According to Table 2, the uncoupling coordination degree 
of the two systems is divided into four grades. The higher the degree of uncoupling coor-
dination, the stronger the mutual exclusion between TEE and NU development in a region, 
so the lower the level of uncoupling coordination, the better the coupling effect between 
the two systems. The results show that from 2006 to 2019, the degree of uncoupling coor-
dination between the two systems is in two stages: low-level and antagonistic uncoupling 
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coordination, and there is no running-in and high-level uncoupling coordination stage, 
which indicates that the degree of uncoupling between the two systems is poor and the 
degree of coupling is good. In addition, the uncoordinated degree of TEE and NU develop-
ment in the YREB generally shows a downward trend, which means that the uncoordinated 
relationship between the two systems has improved with time. The main reason is that 
since the 18th National Congress of the Communist Party of China, the country has gradu-
ally promoted the development strategy of the YREB, adhered to the strategic positioning 
of ecological priority and green development, and regarded "building the core area of the 
international golden tourism belt of the Yangtze River" as one of the strategic measures for 
the green development of the YREB.

However, as shown in Fig. 2, at present, most provinces are in the stage of antagonistic 
uncoupling coordinated development, and only a few provinces are in the stage of low-
level uncoupling coordinated development. This means that the coupling development 
relationship between TEE and NU development systems in the YREB needs to be fur-
ther improved. This is mainly because many problems that the YREB faced in the past, 
such as the severe ecological environment, the bottleneck of the Yangtze River waterway, 
the outstanding imbalance of regional development, the arduous task of industrial trans-
formation and upgrading, and the imperfect regional cooperation mechanism, have not 
been completely solved. In fact, from 2006 to 2016, the regions in the low-level uncoupling 
coordination stage were always three provinces in the downstream areas, such as Jiangsu, 
Shanghai and Zhejiang. Since 2017, the situation has changed slightly, and Zhejiang has 
withdrawn from the low-level uncoupling coordination stage. By 2019, Anhui will enter 
a low-level uncoupling coordination stage, and a new situation will begin to appear in the 
midstream. This is bound to be closely related to the Outline of the YREB Development 
Plan issued by China in 2016. Based on the important ecological and economic status of 

Fig. 2  Distribution of uncoupling coordination degree between tourism eco-efficiency and new urbanization
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the YREB, the outline puts forward the development requirements of vigorously protect-
ing the Yangtze River ecological environment, innovating to drive industrial transforma-
tion and upgrading, actively promoting NU, and innovating the system and mechanism 
of regional coordinated development, which promotes the solution of regional develop-
ment problems. From Fig.  2, it can be seen that the easing of the relationship between 
TEE and NU development in the central region has long been predicted. From 2006 to 
2019, the gap of uncoupling coordination degree in central China increased first and then 
decreased, and the uncoupling coordination degree continued to decrease. In addition, the 
disharmony between Yunnan and Guizhou provinces in the upstream has been obviously 
improved. Therefore, the overall regional differences of the YREB are narrowing, consid-
ering the changes of the uncoupling coordination levels in the upper, middle and down-
stream of the YREB, that is, the western, middle and eastern regions. The main reason is 
that China vigorously promotes the coordinated regional development of the YREB, which 
is positively influenced by the overlapping effects of the policy dividends of several, such 
as the Western Development, the Yangtze River Economic Belt development strategy, the 
regional integration of the Yangtze River Delta and the construction of the twin-city eco-
nomic circle in the Chengdu-Chongqing region. As shown in the changes of the four time 
periods in Fig. 2, the number of provinces with higher or lower level of uncoupling coordi-
nation degree is gradually decreasing, and the value of uncoupling coordination degree is 
gradually approaching the intermediate value. The law of change is that the weak become 
stronger and the strong become weaker, which accords with the theory of unbalanced 
growth and also reflects China’s regional coordinated development strategy. In summary, 
the uncoupled coordination relationship between TEE and NU development in the YREB 
and the mutual influence between the two systems are closely related.

Fig. 3  Moran’s I, coefficient of variation (CV) and standard deviation (S) of uncoupling coordination 
degree between tourism eco-efficiency and new urbanization
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4.2.2  Spatial and temporal evolution characteristics of uncoupling coordination 
degree

The time series change characteristics of the uncoupling coordination degree between 
TEE and NU development in the YREB are shown in Fig. 3. From the standard deviation 
point of view, the absolute difference of regional uncoupling coordination degree gradually 
decreases with a small change range; from the coefficient of variation, the relative differ-
ence of regional uncoupling coordination degree fluctuates, showing a downward trend on 
the whole. Generally speaking, the development trend of absolute difference and relative 
difference indicates that the regional difference of uncoupling coordination degree between 
TEE and NU in YREB is getting smaller and smaller, and tends to develop in a balanced 
way.

Moran’s I in the YREB passed the test at the significance level of 5%, showing a signifi-
cant spatial positive correlation and being in a relatively concentrated state. The Moran’s 
I of the region is between 0.38 and 0.66, showing a gradual change. On the whole, the 
degree of regional uncoupling coordination changes from relatively weak aggregation to 
relatively strong aggregation. Before 2012, the change of Moran’s I was extremely unsta-
ble, and the minimum value appeared in 2009. This is because in the early years, restricted 
by objective conditions such as administrative system and transportation infrastructure, 
regional development was extremely unbalanced and spatial dependence was weak. Fortu-
nately, since 2009, the call to upgrade the development of the YREB to a national strategy 
has been increasing, so the coordinated regional development has been eased. In 2013, the 

Fig. 4  LISA agglomeration characteristics of tourism eco-efficiency and new urbanization uncoupling coor-
dination degree
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development of the YREB was established as a major national strategy in the new era, 
which further promoted the formation of a coordinated economic belt that spanned east 
and west and connected north and south, and enhanced its spatial dependence. Therefore, 
from 2013 to 2018, Moran’s I in the YREB kept climbing, reaching its peak in recent years. 
However, in 2019, Moran’s I suddenly dropped, the spatial agglomeration effect weakened, 
and the spillover effect increased. This may be related to the weakening of uncoordinated 
development between TEE and NU in the YREB.

The local spatial variation characteristics of the uncoupling coordination degree 
between TEE and NU development in the YREB are shown in Fig. 4. From 2006 to 2019, 
the local agglomeration characteristics of the YREB mainly changed in the downstream 
and upstream areas, mainly involving six provinces and cities such as Jiangsu, Shanghai, 
Zhejiang, Anhui, Guizhou and Chongqing. Among them, Jiangsu, Shanghai and Zheji-
ang have been in low–low value agglomeration for a long time, and Guizhou has been in 
high–high value agglomeration for a long time. From 2006 to 2011, there was no obvious 
change in the agglomeration characteristics of the YREB. In 2015, it was observed that 
Chongqing entered a high–high value agglomeration state, and in 2019, Anhui Province 
went from high–low value to low–low value agglomeration state. This means that due to 
the positive influence of the regional integration construction in the Yangtze River Delta, 
Anhui has gradually improved its own coordination state. It shows that further strengthen-
ing regional linkage, promoting policy support, talent flow and technology diffusion will 
help improve the coordination between green innovation development of tourism and NU 
construction. This further shows that the midstream are expected to improve their develop-
ment status due to the spillover effect. However, according to the agglomeration character-
istics of Guizhou and Chongqing, the coordination state of the upstream is not optimistic. 
The uncoupling coordination degree between Guizhou and Chongqing is far higher than 
that of its surrounding areas, which is the shortcoming of regional coordinated develop-
ment, and has an overflow trend. Although the upstream of the YREB have made great 
progress, there is still a big gap between the development level and the developed areas 
in the downstream. From the macro level, the downstream area has a low degree of exter-
nal development, the allocation of resource elements needs to be optimized urgently, and 
the internal development is seriously unbalanced. Its NU construction has a long way to 
go, and it still needs to make great efforts. At the same time, the ecological status of the 
downstream area is very important, and the tourism advantage is obvious, which needs the 
support of infrastructure construction, scientific and technological innovation and develop-
ment, and so on. Therefore, the contradiction between the ecological development of tour-
ism and the construction of NU is more prominent. Faced with such a situation, the prov-
inces and cities in the downstream areas should strengthen regional cooperation according 
to their own development advantages and enhance their internal vitality by taking advan-
tage of the opportunities of the new double-circulation pattern and the high-quality con-
struction of "the belt and road initiative".

4.3  The interactive relationship between tourism eco‑efficiency and new 
urbanization

4.3.1  Impulse response analysis

On the basis of not changing the correlation of variables, in order to weaken the col-
linearity and heteroscedasticity of the model, the original data are processed by natural 
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logarithm. According to the unit root test (Table 4), the original sequences of TEE and NU 
in Shanghai are stationary sequences, and other provinces are first-order difference station-
ary sequences. In order to further test whether there is a long-term stable equilibrium rela-
tionship between TEE and NU in the first-order difference stationary sequence, the cointe-
gration test is carried out. The results (Table 4) show that there is at least one cointegration 
relationship in other provinces and cities except Hunan Province. Based on this, the VAR 
model is constructed. According to the lag order information criterion, the model obtains 
the optimal lag order, and then makes Granger causality test. The results (Table 5) show 
that, at 5% significance level, NU in Anhui and Guizhou is the one-way Granger cause of 
TEE; TEE in Shanghai, Jiangsu, Hubei, Chongqing and Yunnan is the one-way Granger 
reason of NU; there is no Granger causality between TEE and NU in Zhejiang, Jiangxi and 

Table 4  Unit root test and cointegration test

* Means a significance level below 5%

Region Variable Unit root test Cointegration test

ADF 1% 5% 10% P-value Assump-
tion

P-value

Shanghai lnTEE −3.957514 −5.124875 −3.933364 −3.420030 0.0484 – –
lnNU −5.035368 −4.886426 −3.828975 −3.362984 0.0080 – –

Jiangsu D(lnTEE) −6.279660 −4.992279 −3.875302 −3.388330 0.0018 None * 0.0375
D(lnNU) −5.610496 −4.992279 −3.875302 −3.388330 0.0044 At most 

1 *
0.0038

Zhejiang D(lnTEE) −3.589570 −4.297073 −3.212696 −2.747676 0.0285 None * 0.0451
D(lnNU) −4.094311 −5.124875 −3.933364 −3.420030 0.0402 At most 1 0.0580

Anhui D(lnTEE) −5.610790 −5.124875 −3.933364 −3.420030 0.0055 None * 0.0005
D(lnNU) −4.698193 −5.124875 −3.933364 −3.420030 0.0176 At most 

1 *
0.0082

Jiangxi D(lnTEE) −5.068146 −4.992279 −3.875302 −3.388330 0.0090 None * 0.0073
D(lnNU) −4.761467 −4.992279 −3.875302 −3.388330 0.0139 At most 

1 *
0.0117

Hubei D(lnTEE) −4.829676 −5.295384 −4.008157 −3.460791 0.0177 None * 0.0442
D(lnNU) −2.120604 −2.771926 −1.974028 −1.602922 0.0375 At most 

1 *
0.2306

Hunan D(lnTEE) −4.407998 −5.295384 −4.008157 −3.460791 0.0303 None * 0.0740
D(lnNU) −3.405118 −4.121990 −3.144920 −2.713751 0.0327 At most 

1 *
0.3019

Chong-
qing

D(lnTEE) −4.584732 −4.992279 −3.875302 −3.388330 0.0179 None * 0.0049
D(lnNU) −4.285818 −3.460791 −5.295384 −4.008157 0.0352 At most 

1 *
0.1346

Sichuan D(lnTEE) −6.249186 −4.121990 −3.144920 −2.713751 0.0004 None * 0.0209
D(lnNU) −5.944226 −5.124875 −3.933364 −3.420030 0.0037 At most 

1 *
0.1740

Guizhou D(lnTEE) −2.260113 −2.816740 −1.982344 −1.601144 0.0295 None * 0.0409
D(lnNU) −4.467316 −4.121990 −3.144920 −2.713751 0.0057 At most 

1 *
0.0825

Yunnan D(lnTEE) −3.691723 −4.121990 −3.144920 −2.713751 0.0203 None * 0.0175
D(lnNU) −4.523821 −4.992279 −3.875302 −3.388330 0.0195 At most 1 0.2247
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Sichuan provinces, which shows that the growth of TEE and the development of NU in 
these provinces and cities do not disturb each other. In order to describe the dynamic rela-
tionship between TEE and NU in the provinces and cities of the YREB, this paper selects 
the impulse response model with 20 lag periods (in years) for further analysis.

The results show (Fig.  5) that when TEE is given a positive impact, NU in Shanghai, 
Chongqing and Yunnan will have a negative impact effect; Jiangsu and Hubei NU will have 
a positive impact effect. Given a positive impact of NU, in the long run, TEE in Anhui will 
have a positive impact effect, while TEE in Guizhou will have a negative impact effect. This 
is basically consistent with the uncoupling coordination between TEE and NU in the YREB. 
For Shanghai (Fig. 5a), the response value of NU to the disturbance from TEE was −0.0067 
in the first year, and reached the peak value of −0.0084 in the second year. After that, the 
impact effect gradually tended to be gentle with time. Generally speaking, the response period 
of LNNU in Shanghai is long, but the response value is relatively small, which shows that the 
impact of TEE promotion in Shanghai on the development of NU is minimal. For Jiangsu 
(Fig. 5b), the promotion of TEE will promote the development of NU, lasting for 16 years, 
and can reach the maximum impact of 0.0135 in the second year. From the eastern region, 
the influence relationship between regional TEE and NU is positive or not significant. There-
fore, the downstream of the YREB has been in a low-level or low-concentration uncoordi-
nated state. However, Anhui, which is located in the long delta region with Jiangsu, Shanghai 
and Zhejiang, is gradually getting better because of the positive influence of NU on TEE. For 
Anhui (Fig. 5c), the improvement of NU development level will bring a short-term negative 

Fig. 5  Impulse response of tourism eco-efficiency and new urbanization
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impact on TEE in the first year, and then turn into a continuous positive impact after the third 
year, with the highest impact effect of 0.097. In addition, for Hubei (Fig. 5d), from the whole 
impulse response, TEE promotion has a long-term positive impact on the development of NU 
in Hubei, and the impact has steadily increased since the 7th year. Therefore, the coupling rela-
tionship in the midstream has turned for the better. For Chongqing (Fig. 5e), the disturbance 
of TEE has a negative impact on NU for 12 years, and it can reach the peak value of −0.053 
in the second year. For Yunnan (Fig. 5g), the promotion of TEE has a long-term significant 
negative impact on the development of NU, and it can reach the maximum impact effect of 
−0.0494 in the first year. For Guizhou (Fig. 5f), NU also has a long-term significant negative 
impact on TEE. The response time of negative impact effect appears in the second year, and it 
can reach the maximum impact response of −0.0301. Therefore, the uncoupling coordination 
degree between TEE and NU in the upstream of the YREB is high, and the high–high value 
agglomeration is obvious.

4.3.2  Variance decomposition analysis

In order to further explore the contribution degree of each other, this paper makes variance 
decomposition analysis on the basis of impulse response, and the results are shown in Table 6. 
From the variance decomposition of TEE, the contribution rate of NU development to TEE in 
Anhui and Guizhou provinces is about 65% and 57%, respectively, which is obviously greater 
than the contribution rate to NU itself, indicating the importance of NU development to TEE. 
Combined with impulse response analysis, it shows that the negative impact of NU on TEE in 
Anhui Province is not high in the short term (1–2 years), and in the long term, NU can effec-
tively promote the promotion of TEE.

From the variance decomposition of NU, the contribution rate of TEE to the development 
of NU in Shanghai and Jiangsu is similar, which is stable at about 26% and 24%, respectively, 
but the contribution rate of Jiangsu Province is growing faster. From the numerical point of 
view, TEE’s contribution is small, indicating that there are factors with higher contribution 
to the development of NU in Shanghai and Jiangsu. That is to say, although the promotion of 
TEE in Shanghai has a certain negative impact on the development of NU, it is not the most 
important factor. Similarly, the development of NU in Jiangsu Province has more important 
driving factors. The reason may be that Shanghai and Jiangsu are located in the eastern coastal 
areas, and they have obvious advantages in many aspects, such as location, traffic conditions, 
economic development level, technological innovation ability and industrial support. It is dif-
ficult for TEE to dominate the development of its NU. The contribution rate of TEE in Hubei 
Province is about 51%. The contribution rate of TEE to the development of NU is greater 
than its own, which indicates that the promotion of TEE can significantly and effectively pro-
mote the development of NU in Hubei Province. TEE in Chongqing and Yunnan, the two 
upstream provinces and cities, contributed about 66% and 58% to the development of NU. On 
the whole, TEE’s contribution rate to NU’s development is obviously greater than its own, 
which indicates that the promotion of TEE will greatly restrain NU’s development in Chong-
qing and Yunnan.
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5  Discussion

Due to the increasingly prominent ecological and environmental problems, sustainable 
development has become the proposition of the times, and has attracted wide attention 
from all walks of life. Exploring the relationship between TEE and the development level 
of NU is conducive to the coordinated development of tourism and urbanization under the 
background of sustainable development goals. This paper breaks through the limitation 
of simple evaluation and comparison in the current study of coupling relationship. Based 
on the perspective of uncoupling coordination, this paper evaluates the coordination rela-
tionship between tourism sustainable development and NU development and the influence 
mechanism between the two systems by combining uncoupling coordination degree model 
and VAR model.

The results show that Shanghai, Jiangsu and Zhejiang are the regions with low degree 
of uncoupling coordination in the YREB, all of which are the downstream of the Yangtze 
River. Among them, Shanghai and Jiangsu are developing steadily, and they are always 
in a low-level uncoupling coordination stage, which shows that there is a good coordina-
tion between the sustainable development of tourism and the development of NU. This 
is inseparable from the stability and high quality of TEE and NU’s own development in 
Shanghai and Jiangsu. Besides, it also benefits from the regional integration of the Yang-
tze River Delta and the influence of the development planning of the Yangtze River Delta 
urban agglomeration. Anhui, which is located in the midstream of the YREB, has gradu-
ally entered a significant low–low agglomeration state and Jiangxi’s disharmony has gradu-
ally weakened, which further confirms the significant spatial spillover effect and leading 
role of regional development in the Yangtze River Delta. In addition, the areas with high 
uncoupling  coordination degree in the YREB are the upstream, especially Sichuan and 
Yunnan, because the ecological effect of tourism in Sichuan and the level of modernization 
in Yunnan are at a low level. Although the state is committed to the western development 
and the development of Chengdu-Chongqing twin-city economic circle, there are many 
development restrictions in the upstream of the Yangtze River, especially the low level of 
economic development, imperfect infrastructure and extremely unbalanced regional devel-
opment, so the coordinated development of tourism and NU is still difficult to achieve a 
high level. From the overall development trend of the YREB, the regional difference of 
uncoupling  coordination between the two systems is getting smaller and smaller, and it 
tends to develop in a balanced way, which is basically consistent with the development 
trend of regional TEE and NU. Therefore, no matter from which perspective, the coor-
dinated development between TEE and NU needs self-improvement. As the construction 
of TEE and NU in the YREB is mainly restricted by the middle and upper reaches, and 
the restricted factors are mainly topography, traffic, ecological environment, infrastructure, 
etc., it is necessary to start from policies, funds and technology, and give priority to focus 
on the development of those places with obvious location advantages, strong resource and 
environmental carrying capacity and (tourism) resource advantages that are particularly 
outstanding, especially small and medium-sized cities and towns.

In addition, from the macro-level, the improvement of regional coordinated develop-
ment level should be based on downstream areas, with upstream areas as an important 
breakthrough point. It should take advantage of the superimposed effect of the policy divi-
dends of the western development, the development strategy of the YREB, the regional 
integration of the Yangtze River Delta and the construction of the twin-city economic cir-
cle in the Chengdu-Chongqing area, further strengthen the regional linkage by relying on 
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the advantages of the golden waterway conditions and expand the overall level of opening 
to the outside world of the YREB. Especially in the upstream of the Yangtze River, atten-
tion should be paid to the high-value agglomeration status of Chongqing and Guizhou, 
and also to the control and linking role of the two cities of Chengdu and Chongqing to 
strengthen regional cooperation and collaboration among various government departments. 
At the same time, it is necessary to guard the ecological base and ensure the development 
confidence.

From the current research results, the uncoupling coordination relationship between 
regional TEE and NU development and the interaction between the two systems are also 
closely related. Because the influence relationship between TEE and NU is positive or 
insignificant, the downstream area has been in a low-level or low-value agglomeration 
uncoordinated coupling state. Similar to the eastern region, the coupling and coordination 
relationship in the central region has turned for the better. However, the upstream area is 
mainly affected by negative impact, which makes the uncoupling coordination degree high 
and the high–high value agglomeration obvious. Therefore, the interactive influence rela-
tionship between TEE and NU should be fully understood. As far as the YREB is con-
cerned, facing the negative impact of TEE promotion on the development of NU, Shang-
hai, Chongqing  and Yunnan should improve the scientific management level of tourism 
resources, pay attention to the cultivation of tourism talents and the investment and appli-
cation of green technology, improve the utilization efficiency of tourism resources, avoid 
excessive resource consumption, and make tourism pursue economic and ecological bal-
ance while reducing the impact on regional social and economic development. At the same 
time, it is necessary to give full play to the role of TEE promotion in promoting the devel-
opment of NU in Jiangsu and Hubei, strengthen environmental protection in the process 
of tourism development and make rational use of tourism resources endowment for tour-
ism development. Facing the impact of NU development on TEE, Anhui should strengthen 
urbanization, improve infrastructure, expand tourism investment scale and improve service 
quality. As far as Guizhou is concerned, it should pay attention to talent cultivation and 
technological innovation, improve resource utilization rate, strengthen pollution control, 
expand urban construction land in an orderly manner, avoid over-exploitation and com-
mercialization of scenic spots and pay attention to the protection of tourism resources and 
ecological environment in the process of tourism development. In addition, when formulat-
ing and implementing enhancement strategies for the coordinated development of TEE and 
NU in the YREB, it is important to focus not only on the direction of development, but also 
on the dynamic influence patterns between the two systems, and to set reasonable targets 
and plans. For example, in Chongqing, facing the disturbance of TEE, NU should take 
immediate measures, because it will be most affected in the second year after the distur-
bance. The further impact contribution also implies that these improvements are effective 
for the coordinated development between TEE and NU in most areas.

6  Conclusion

Taking the YREB as the research area, this paper estimates the TEE and NU levels of each 
province from 2006 to 2019, and measures the uncoupling coordination degree between 
the two systems. This paper mainly analyzes the space–time evolution characteristics of the 
uncoupling coordination between regional NU and TEE and the dynamic law of interaction 
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and then discusses how to promote the coordinated development between the two systems. 
The main conclusions are as follows:

(1) The overall TEE of YREB shows an upward trend, as the upstream area is located 
in western China, where tourism resources are extremely rich and under-explored, 
the difference between east and west is gradually decreasing under the trend of 
western development. The overall regional characteristics are as follows: down-
stream > upstream > midstream. Among them, TEE in Shanghai, Jiangsu and Guizhou 
are in the forefront, with efficiency values greater than 1, while those in Sichuan, Hubei 
and Hunan are relatively backward.

(2) The overall development quality of NU in the YREB is relatively stable, but it varies 
significantly from east to west due to topography, transportation, resources, climate, 
infrastructure and other factors. The regional characteristics generally show a decreas-
ing trend from the downstream to the upstream. Among them, NU in Shanghai, Jiangsu 
and Zhejiang are in the forefront, while Guizhou and Yunnan are relatively backward.

(3) The regional difference of uncoupling coordination degree between TEE and NU in 
the YREB is getting smaller and smaller, and it tends to develop in a balanced way, 
which accords with the strategic goal of coordinated development and is basically 
consistent with the overall development trend of TEE and NU in the region. The main 
reason is that China vigorously promotes the development of the YREB, involving the 
overlapping policy dividends from several of the Western Development, the Yangtze 
River Economic Belt Development Strategy, the regional integration of the Yangtze 
River Delta and the construction of the twin-city economic circle in the Chengdu-
Chongqing region, while adhering to the strategic positioning of ecological priority 
and green development and developing tourism as one of the strategic initiatives for 
regional development. Among them, the regions with lower uncoupling coordination 
are Shanghai, Jiangsu and Zhejiang, and the higher regions are Sichuan and Yunnan. 
At present, Shanghai, Jiangsu and Anhui are at a low level of uncoordinated develop-
ment, while other regions are at an antagonistic uncoordinated development stage.

(4) The uncoupling coordination degree of the YREB has changed from relatively weak 
aggregation to relatively strong aggregation. Among them, Jiangsu, Shanghai and Zhe-
jiang have been in low–low value agglomeration for a long time, and Guizhou has been 
in high–high value agglomeration for a long time.

(5) From the long-term dynamic impact, the TEE has a negative impact on the develop-
ment of NU in Shanghai, Chongqing and Yunnan, and a positive impact on Jiangsu 
and Hubei, with the contribution rates of 26%, 66%, 58%, 24% and 51%, respectively. 
NU has a positive impact on TEE in Anhui and a negative impact on Guizhou, with 
the contribution rates of 65% and 57%, respectively. The uncoupling coordination 
relationship between regional TEE and NU development and the interaction between 
the two systems are closely related.

The results of this study are conducive to the coordinated development between tourism 
and NU under the goal of sustainable development, and can provide an important refer-
ence for regional ecological construction and sustainable development. This paper breaks 
through the limitations of simple measurement and comparative analysis in the past, and 
similar methods and ideas can also be applied to research in other regions or fields, aiming 
at systematically grasping the future development direction and providing scientific basis 
for formulating policies and work plans. Finally, the research of this paper needs to be 
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improved. Considering the integrity of the data, this paper takes the provincial administra-
tive region as the research scale, which can be deepened in the future and consider the city 
scale. In addition, according to the progress of related research, the selection of indicators 
can be further improved in the future.
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