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Abstract

Climate / weather factors are important factors for tourists to choose tourist destinations.

With the public’s attention to the influence of haze, air quality will have a profound impact on

the development of tourism in tourist destinations. Based on the Epsilon-based Measure

(EBM) super-efficiency model and Global Malmquist–Luenberger index analysis method,

this paper aims to study the tourism development efficiency of 58 major cities in China from

2001 to 2016 and analyse the total factor productivity in the development of urban tourism

and the changing driving factors in consideration of the undesirable output of haze charac-

terised by PM2.5 emission concentration. The study findings show that the overall efficiency

of tourism development of 58 cities is not high in 2001–2016, but the tourism development

efficiency of all cities is increasing year by year. Under the constraint of haze, the efficiency

of urban tourism development is not directly proportional to the degree of urban develop-

ment. The overall redundancy rate of each input index is slightly high, and the redundancy

of PM2.5 emission concentration has a considerable effect on the efficiency of urban tour-

ism development. The overall change trend in total factor productivity in the development of

urban tourism is improved, mainly due to the improvement of technological progress factors.

On this basis, the corresponding policy implications are concluded according to high-effi-

ciency and high-quality development of tourism in 58 major cities.

1 Introduction

In the more than four decades from the 1978 implementation of reform and opening up to

2019, China’s urbanisation rate has increased from 10.6% to 60.6% (Data source: National
Bureau of Statistics of China. China Statistical Yearbook [M].Beijing: China Statistics Press,
2020). Urbanisation has become an important way to support China’s economic growth [1].

With the rapid development of urbanisation, the development of China’s tourism industry

also presents a rapid growth trend. Basic Situation of TourismMarket in 2018 released by

China Tourism Academy in February 2019 reports that the comprehensive contribution of

China’s tourism industry to GDP in 2018 is 9.94 trillion CNY, accounting for 11.04% of the
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total GDP. A total of 79.91 million people are directly and indirectly employed in the tourism

industry, accounting for 10.29% of the total employed population in China. Guiding Opinions
of General Office of the State Council on Promoting the All-round Tourism Development in 2018
suggests that tourism is a strategic pillar industry for China’s national economy and that pro-

moting the integrated development of tourism and urbanisation is necessary.

However, persistent haze weather has occurred in many cities of China, attracting extensive

public attention. The 2018 Communique on the State of China’s Environment shows that

among 338 cities in China, 33.7% of cities meet the standard in ambient air quality and 66.3%

of cities exceed the standard. The days in which PM2.5 (fine particles) is the primary pollutant

account for 60.0% of the days with severe and above pollution. Owing to the vigorous report-

ing of social media and rapid dissemination of network information, the harm of haze weather,

especially PM2.5, and its negative effects on public health [2,3], traffic safety [4,5] and city

image [6,7] are widespread. At present, China’s worst-hit regions with large areas of haze are

most centred on large- and medium-sized cities with developed social economies, and the

tourism industry in these cities plays an important supporting role in social and economic

development, considerably affecting the overall development of China’s tourism industry

[8,9]. Therefore, studying the effect of haze weather on the efficiency of urban tourism devel-

opment is of considerable practical significance. This paper aims to explore the effect of haze

constraints characterised by PM2.5 emissions concentration on the temporal and spatial evo-

lution of the efficiency of China’s urban tourism development and analyse the performance of

urban tourism development. These goals are of major importance to deeply realise the quality

of urban tourism development and promote the coordinated development of urban tourism

and environment.

On this basis, this paper intends to evaluate the efficiency of urbanisation development of

58 Chinese cities in 2001–2016 by adopting the EBM super-efficiency model considering

undesirable output and measure the total factor productivity by means of the Global Malm-

quist–Luenberger (GML) index [10] to provide the basis for the government to improve the

efficiency of urban tourism development and formulate corresponding policies on urban tour-

ism development.

2 Literature review

Studies on urban tourism development mainly focus on the connotation of urban tourism and

the relationship between tourism and urbanisation. Urban tourism emerged after World War

II. To meet the expanding needs of society for the functions of pleasure, vacation and retire-

ment, urban tourism with high tourism resource endowment gradually increased and become

a special form of urban renewal and evolution in places such as Florida, Arizona, California

and Las Vegas in the United States. Mullins proposed the concept of tourism urbanisation in

his study on Cold Coast and Sunshine Coast in Australia and firstly described the relationship

between tourism and urbanisation theoretically [11]. The existing studies mainly elaborate on

the connotation of tourism urbanisation from the perspective of Sociology of Consumption

and holds that the rise of urban tourism is closely related with the social background. Tourism

urbanisation originated from high income and mass consumption in the Fordism period in

the early 20th century and matured in the 1970s, that is, the rise of mass hedonic consumption

in the post-Fordism period. It is a form of postmodern cities [12]. Mullins believes that the for-

mation mechanism of tourism urbanisation is mainly manifested as follows: the tourism

industry can cause the expansion of urban population, the adjustment of urban industry struc-

ture and the changes in urban class structure. In particular, the rise of the modern service

industry and the prominence of the petty bourgeoisie have become the main signs that tourism
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influences urbanisation [13]. Until the 1980s, with the advent of the post-industrial era, urban

tourism activities began to be active. However, for example, some traditional industrial cities,

such as Bradford in the UK, were transforming into tourism centres. Almost every city was

boasting that it had at least one place with the most attractive tourism resources [14]. At the

same time, urban tourism began to enter the field of vision of urbanology and tourism, and it

was regarded as a ‘unique phenomenon and research field’ [15].

The urbanicity of the tourism industry and the modernity of cities provide superior condi-

tions for the co-development of tourism and cities. In terms of the former, the coexistence of

convenient transportation networks, shared service facilities and diversified product forms in

the urban physical environment has laid the basis for the embedding of tourism functions; in

terms of the latter, ‘future, risk and culture’ interweave in the urban physical environment, cre-

ating deepening conditions for strengthening ‘tourism functions’ [16,17]. Not only does a posi-

tive interaction occur between tourism and urbanisation, but also a potential negative

influence. For example, the construction of travel reception ahead of the expansion of demand

scale will lead to excessive urbanisation, and rapid urbanisation may also cause the deteriora-

tion of environmental quality and the destruction of ecological landscape [18–20], thereby

negatively affecting the development of tourism [21–23].

Haze weather is regarded as an important manifestation of climate disaster [24,25]. Haze

will directly influence tourists’ perception of comfort and health. Air pollution can cause

asthma, bronchitis, emphysema pulmonum and other respiratory diseases [26,27] and signifi-

cantly promote the incidence rate of respiratory diseases [28]. If severe haze weather occurs in

the tourist destination, people’ worries about the health risk from travel will be increased, cer-

tainly considerably harming tourists’ choice of the destination and their revisit intention

[29,30]. Furthermore, haze weather has a serious effect on people’s travel safety [31]. In haze

weather, the drivers’ visual distance is reduced, and controlling vehicles is more difficult. Thus,

misjudging the distance between vehicles is easy, thereby increasing traffic accident rates

[32,33]. Haze brings major safety risks to travel. Haze will inevitably affect people’s perception

of travel risk and will inevitably make haze weather become one of the important factors affect-

ing tourists’ choice of the destination [34]. The image of tourist destination is multi-dimen-

sional [35,36] and changing [37,38]. Climate condition is not only an attractive factor for

tourist destinations but also a risk factor [6]. Climate change and air pollution have become

major detriments to the tourism industry, considerably affecting the image of tourist destina-

tions [39,40]. With the public’s wide attention to haze weather, once words related to haze

become the hot descriptors for the image of tourist destinations, it will be seriously negatively

affected. However, the image of a tourist destination has an important effect on the travel deci-

sion of potential tourists. The above analysis shows that climate, closely related to tourism, has

become a decisive factor in the selection of tourist destination and vacation type. Climate has

also indirectly affected the development of urban tourism.

Existing studies on the development of tourism efficiency mainly focus on the efficiency of

tourism development factors. For example, in studies on the efficiency of tourism hotels, schol-

ars aim to study the business position of tourism service market by using DEA from the evalu-

ation on aspects such as hotel management performance and customer satisfaction assessment

[41–43]. Then, more scholars focused on the influencing factors on the efficiency of tourism

hotels [44,45]. The efficiency of travel agencies is also one of the important fields in the devel-

opment of tourism efficiency. The results of most studies on the business efficiency of travel

agencies show that the business efficiency of travel agencies is not high [46–48]. In addition,

studies have been made on the efficiency of tourism transport and the operating efficiency of

host cities [49,50]. In general, studies on the efficiency of tourism development have involved

many fields, including hotels, travel agencies, tourism transport and tourism destinations. No
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systematic analysis and theoretical explanation have been conducted on the source of effi-

ciency and generation mechanism, especially no the study on city-a comprehensive tourism

destination, in these studies on the efficiency of tourism. Thus, taking the city, a complex inte-

grated body, as a production unit, the efficiency of urban tourism is evaluated in this paper,

and the characteristics of efficiency and its influencing factors are analysed. The existence of

resource endowment enables the sustainable development of the tourism industry in cities.

Furthermore, tourism, as a driving force, can promote the urbanisation process. However,

haze weather in cities has many negative effects on the tourism industry; thus, measuring the

efficiency of urban tourism development is of considerable significance.

Data envelopment analysis (DEA) is mainly adopted for existing studies on efficiency mea-

surement methods and models. Charnes first proposed the DEA model [51]. This model has

been widely used in research on environment and energy efficiency [52,53]. DEA can be

divided into two categories. The first category is a DEA model that does not consider undesir-

able output. The evaluation model mainly includes the DEA and improved DEA models. The

second category is the super-efficiency model, which is an SBM model considering undesirable

output, that is, one or more pollutants are added to the first model as the undesirable output

[54–56]. However, these methods cannot be used to reflect the actual production process, pos-

sibly leading to deviation of the results [57]. Later, Tone expanded the model [58] and added

the relaxation of undesirable output into the objective function to modify the constraint condi-

tions of undesirable output [59]. Combined with the development of research methods, some

defects occur in the radial DEA and non-radial SBM models. Thus, in 2010, Tone proposed

the EBM model, which is a hybrid model containing radial and SBM distance functions [60].

3 Materials and methods

3.1 Study area

The China Tourism Statistical Yearbook provides long-term statistics on the level of tourism

development in 60 cities, which are either provincial, municipal and autonomous regional cap-

itals or famous scenic tourist cities, so they are called ‘major tourist cities ‘. In 2016,70.95 mil-

lion tourists arrived in the 60 cities, accounting for 66.18 percent of inbound tourists in China.

In terms of status and income, these cities represent the highest level of urban tourism devel-

opment in China, which can reflect the real level of urban tourism development in China. The

data are collected from the China Tourism Statistical Yearbook. Due the severely missing of

indicator data, Yanbian and Lhasa are not included in this study. A total number of 58 main

tourist cities are selected in this paper. These 58 cities are Beijing, Tianjin, Shijiazhuang, Qin-

huangdao, Chengde, Taiyuan, Datong, Hohhot, Shenyang, Dalian, Changchun, Jilin, Harbin,

Shanghai, Nanjing, Wuxi, Suzhou, Nantong, Lianyungang, Hangzhou, Ningbo, Wenzhou,

Hefei, Huangshan, Fuzhou, Xiamen, Quanzhou, Zhangzhou, Nanchang, Jiujiang, Jinan, Qing-

dao, Yantai, Weihai, Zhengzhou, Luoyang, Wuhan, Changsha, Guangzhou, Shenzhen, Zhuhai,

Shantou, Zhanjiang, Zhongshan, Nanning, Guilin, Beihai, Haikou, Sanya, Chongqing,

Chengdu, Guiyang, Kunming, Xi’an, Lanzhou, Xining, Yinchuan and Urumqi. On the basis of

the social and economic development level, the Chinese government divides the Chinese

mainland (excluding Hong Kong, Taiwan and Macao) into four regions, namely, the north-

eastern, eastern, central and western regions. Fig 1 shows the regional distribution of 58 cities

in China (Figs 1 and 3 in the paper are due to the free maps provided by the National Geomatics
Center of China at the http://kmap.ckcest.cn/illustration/index, in which there is no copyright
conflict. National Bureau of Statistics of China. Territorial division of eastern, western, central
and northeastern regions. 2011-06-03. China’s economic regions are divided into four regions:
the East, the Central, the West and the Northeast. The eastern region includes Beijing, Tianjin,
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Hebei, Shanghai, Jiangshu, Zhejiang, Fujian, Shandong, Guangdong and Hainan; the central
region includes Shanxi, Anhui, Jiangxi, Henan, Hubei and Hunan; the western region includes
Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qing-
hai, Ningxia and Xinjiang; the northeastern region includes Liaoning, Jilin and Heilongjiang.).

The common features of these cities is that all of them have superior human or natural

resource endowment.

3.2 Data source and data pre-processing

3.2.1 Urban tourism development-related data. In 2001, the Chinese government put

the tourism industry on the agenda as an important industry to drive the new growth point of

the national economy (Central People’s Government of the People’s Republic of China, Notice of
the State Council on Further Accelerating the Development of Tourism, Guofa No.〔2001〕9.

http://www.gov.cn/gongbao/content/2001/content_60814.htm). This development indicates that

China’s tourism has begun to become an important force to drive the national economy and

social development. At the same time, restricted by the release date of research data, the

research period of this paper was from 2001 to 2016. The data related to urban tourism devel-

opment mainly came from the China Urban Statistical Yearbook and China Tourism Statisti-

cal Yearbook in the corresponding years and the National Economy and Social Development

Statistical Bulletin in the corresponding cities.

3.2.2 Urban haze contaminated data. Therefore, taking 58 tourism cities in China from

2001 to 2016 as the research samples, the PM2.5 concentration monitored by satellite was used

to characterise haze contamination degree in this paper [61] (Haze pollution is represented by
the average PM2.5 concentration, data from raster data in PM2.5 concentration monitored with
the global satellite released by Social and Economic Data and Application Center of Columbia
University, https://beta.sedac.ciesin.columbia.edu/data/set/sdei-annual-pm2-5-concentrations-
countries-urban-areas-v1-1998-2016), and a systematic investigation was conducted on the

efficiency of tourism development of tourism cities under the constraints of haze.

3.2.3 Selection of measure indicators for the efficiency of urban tourism development

and system construction. The efficiency of urban tourism development is one of the most

Fig 1. 58 studied cities in China.

https://doi.org/10.1371/journal.pone.0255508.g001
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important dimensions characterising its quality [62]. This dimension is mainly used to mea-

sure the use efficiency of various factors in the process of urban tourism promotion. The spe-

cific method in existing studies is to divide urban tourism into two systems, namely, input and

output. Then, based on input and output, the efficiency of urban tourism development is cal-

culated [63,64].

3.2.3.1 Input indicators. In the meaning of economics, the most basic production input fac-

tors include land, labour force and capital [65,66]. However, urban tourism production is not

constrained by land area. Therefore, land cannot be used as an input variable of urban tourism

development. However, the two factors, namely, labour force and capital, have important

effects on the improvement of urban tourism satisfaction. Labour force is achieved through

soft elements such as the service attitude and level of service personnel. The number of people

directly employed in the tourism industry is an ideal indicator. However, affected by the com-

prehensive characteristics of tourism industry, the number is not officially counted in the rele-

vant yearbooks. Finally, the number of employees in the tertiary industry, a macro and general

indicator (this indicator has strong data availability and almost covers all the directly and indi-

rectly employed people related to tourism industry, fully reflecting the comprehensive charac-

teristics of tourism industry. The shortcoming is that it enlarges the input scale of actual

factors) is adopted in this paper. Capital is achieved through hard elements, such as project

construction, infrastructure improvement and tourism environment construction. Consider-

ing that China’s urbanisation development is not possible without the government’s financial

capital investment [67,68], urban fixed-asset investment was used for characterisation in this

paper. Furthermore, we analysed from the perspective of the improvement of urban tourism

environment and investment directly used to improve tourists’ experience. Only the part for

urban infrastructure and reconstruction has a strong causal relationship with the development

of tourism. However, with the expansion of the connotations of tourism, the investment in

urban real estate development and other investment in fixed assets represented by tourism real

estate played an important role in the improvement of the overall attractiveness of urban tour-

ism. Therefore, the development of urban tourism was enlarged to the industrial level in this

paper, ignoring the differences in the use of urban fixed asset investment in different types of

cities and the differences in the proportion of urban fixed asset investment directly used in

tourism investment to the overall investment. At the same time, the foreign capital actually

used in the practice is higher and the attraction of urban business tourism is stronger. Foreign

direct investments reflect the scale of foreign exchanges and the intensity of foreign economic

ties of a city. Furthermore, the amount of foreign capital introduced and used reflects the

attraction of potential and comprehensive economic strength to foreign investors. The practice

indicates that the cities with high foreign capital practically used often become important com-

mercial centre cities and the locations of important multinational enterprises, where holding

various types of foreign exchanges and various business affairs, exhibitions, conferences, festi-

vals and entertainment activities, is easy. On the basis of these activities, the economic vitality

of the city and the attractiveness of urban tourism are further improved [69].

3.2.3.2 Output indicators. The direct output of urban tourism should include the part meet-

ing all needs and services of tourists in the process of travel [70,71]. However, tourism income

and person-time of tourist reception are selected as the production output of tourism service

in most of the literature on tourism efficiency [72–74], which are used to characterise the eco-

nomic and scale levels of urban tourism development [75]. Total tourism income refers to the

sum of domestic revenue and inbound revenue of each city at the end of the year. Total per-

son-time of tourists refers to the sum of the person-time of domestic tourists and the person-

time of inbound tourists of each city at the end of the year. The above paragraphs have also

shown that the development of urban tourism has a profound relationship with haze [76]. We
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attempt to measure the efficiency of urbanisation development of 58 tourism cities in 2001–

2016 under the constraint of haze pollution in this paper.

Therefore, the selection of measurable indicators for the efficiency of urban tourism devel-

opment and system construction is shown in Table 1.

3.3 Methods

3.3.1 Super-efficiency EBM model. DEA is a method for assessing the efficiency that can

deal with problems on multi input–multi output simultaneously in the same framework. Given

that the formal constraints of the specific functions in the stochastic frontier analysis are relaxed,

it has a strong ability to explain the efficiency [52,53,66,77]. The traditional DEA model can be

divided into two categories: the first comprises the radial models, namely, the CCR [51] and

BCC models [78] proposed by Charnes, Cooper and other scholars; the second is the non-radial

model proposed by Tone (2001). Namely, the SBM model [79]. With the traditional radial DEA

model, all inputs and outputs must be reduced or expanded in the same proportion; thus, calcu-

lating slack variables is impossible. With the SBM model based on non-radial measurement, the

non-radial slack variables are considered, but information on the proportion of the actual

input–output value to the target value is lost. Against the defects of the traditional DEA model,

Tone and Tsutsui proposed a hybrid model including radial and SBM distance functions,

namely, the EBM model [60]. The advantage of the EBM model is that it can not only calculate

the improvement ratio between the target and actual values but also find out the gap between

the target and actual values through solving the non-radial value of each input and output.

Therefore, it can measure the efficiency of the decision-making unit (DMU) accurately [80].

The EBM model can be divided into three types, namely, input-, output- and non-oriented.

The input-oriented EBM model refers to the efficiency measurement being conducted based

on the decrease of each input in the same proportion under the given output. The model

emphasises that the output is unchanged, and the efficiency is maximised through changing

the input indicators. The output-oriented EBM model refers to the efficiency measurement

being conducted based on the increase of each output in the same proportion under the given

input. The model emphasises that the input is unchanged, and the efficiency is maximised by

changing the output indicators. The non-oriented EBM model aims to measure inefficiency

from two aspects, namely, input and output. These three EBM models can be used to measure

the relative efficiency of each DMU [81]. In this paper, the non-oriented EBM model that con-

siders undesirable output is selected to evaluate the efficiency of China’s urbanisation develop-

ment. The programming formula is as follows:

min
y � εxð1=

Pm
i¼1
o�i Þ

Pm
i¼1
o�i s

�
i =xik

φþ
εy

1Pq

r¼1
wgr

� �
Pq

r¼1
o
g
r s

g
r

yrk
þ εzð1=

Pp
i¼1
ob

i Þ
Pp

t¼1
ob

t sbt =ztk

ð1Þ

Table 1. Measure indicator system for the efficiency of urbanisation.

Types of indicators Variables Unit

Input indicators Urban fixed-asset investment 10,000 CNY

Employees in the tertiary industry 10,000 person

Foreign direct investment 10,000 USD

Output indicators Total urban tourism revenue 100 million CNY

Total urban tourism population 10,000 person

Undesirable output PM2.5 concentration μg/m3

https://doi.org/10.1371/journal.pone.0255508.t001
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s:t:

Xgþ s�i ¼ yxk
Ygg � sgr ¼ φyk
Zbgþ sbt ¼ φzk
g; s�i ; s

g
r ; s

b
t � 0

8
>>>>><

>>>>>:

In this programming formula, m, q and p refer to the amount of input, desirable output

and undesirable output, respectively. X, Yg and Zb refer to input vector, desirable output vector

and undesirable output vector, respectively. xik, yrk and ztk refer to input, desirable output and

undesirable output of decision-making unit k, respectively. s�i ; s
g
r and sbt refer to slack of input,

desirable output and undesirable output, respectively. o�i ;o
g and ωb refer to the relative

importance of each input indicator, desirable output and undesirable output respectively. θ
refers to radial efficiency value. εx, εy and εz refer to core parameters corresponded by radial θ
and non-radial slack s�i ; s

g
r and sbt : φ refers to the planning parameter of the radial part of the

output indicator. γ refers to the linear combination coefficient of the decision-making unit. ε
is valued in the range of [0,1], and it is a key parameter, representing the importance of the

non-radial part in the measurement of efficiency. If ε = 1, the EBM model is equivalent to the

SBM model. If ε = 0, the EBM model is equivalent to the radial DEA model.

In the analysis result of the DEA model, many decision-making units (DMUs) are often

evaluated as effective. In particular, when the input and output indicators in consideration are

numerous, the number of effective DMUs will increase accordingly. In the DEA model, the

maximum efficiency value obtained is 1, and the effective DMU efficiency value is the same.

Further distinguishing the efficiency value of DMU is difficult. To solve this problem, Ander-

sen and Petersen [82] proposed a method, called the Super Efficiency Model, to further distin-

guish the effective DMUs. For easy differentiation, the traditional DEA model is called the

Standard Efficiency Model. The unique different point of the former from the latter is that the

constraint condition j6¼k is added. The programming formula of the Super Efficiency Model is

as follows:

miny

s:t:

Pn
j ¼ 1

j 6¼ k

gjxij � yxik

Pn
j ¼ 1

j 6¼ k

gjyrj � yrk

g � 0

i ¼ 1; 2; . . . ;m; r ¼ 1; 2; . . . ; q; j ¼ 1; 2; . . . ; nðj 6¼ kÞ

ð2Þ

8
>>>>>>>>>>>>>>>>>><

>>>>>>>>>>>>>>>>>>:

Here, the meaning of each variable is the same as that of the previous variable. The core of

the Super Efficiency Model is that the DMU evaluated is removed from the reference set.

Therefore, the efficiency value of the DMU evaluated is obtained by referring to the frontier

formed by the remaining DMUs. The effective DMU value is generally more than 1 to distin-

guish the effective DMUs.
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The super-efficiency EBM model is based on the cross-sectional data, so it can only measure

the efficiency value of each DMU at one time point, introducing difficulties in comparing the

calculation results of data at different time points. Therefore, we attempt to combine it with

the GML index analysis to conduct a dynamic analysis of time in this paper.

3.3.2 Construction of directional distance function. Chung et al. applied directional dis-

tance function containing undesirable output to the Malmquist model and collectively referred

to the Malmquist index as the Malmquist–Luenberger productivity index [83]. This index can

effectively solve the problems on the efficiency evaluation of undesirable output. The program-

ming formula of this index is as follows:

!
Dt
ðxt; yt; bt; gÞ ¼ sup fb : ðyt; btÞ þ bg 2 PtðxtÞg ð3Þ

In the formula, xt represents land, labour force, capital and other input vectors. yt and gy

represent the vectors of desirable output at Phase t. bt and gb represent the vectors of undesir-

able output at Phase t. g = (gy, gb) refers to a directional vector. β is a directional distance func-

tion of maximising desirable output and minimising undesirable output at Phase t [84].

Assuming that nDMUs (cities) are used, each DMU has i inputs x = ðx1; x2; . . . ; xiÞ 2 R
þ

i .

Then, u desirable outputs y = ðy
1
; y

2
; . . . ; yuÞ 2 R

þ

u and z undesirable outputs b =

ðb1; b2; . . . ; buÞ 2 R
þ

z are obtained. Pt(x) refers to production possibility set in t = 1,. . .,at T

times:

PtðxÞ ¼ fðyt; btÞ : xt)
produce

ðyt; btÞg; x 2 Rþi ð4Þ

ML productivity can be generally divided into two parts:MLTECHtþ1

t representing the

technical progress index andMLEFFCHtþ1

t representing the efficiency change index. In other

words,MLtþ1

t ¼ MLTECH
tþ1

t �MLEFFCH
tþ1

t . In the formula, ML, MLTECH, MLEFFCH>1

or (<1) represent the growth (drop), technical progress (retrogress) and efficiency improve-

ment (deterioration) of total factor productivity, respectively.

3.3.3 GML index model. TFP (total factor productivity) calculated by adopting the

ML index in the form of average geometry does not have the characteristics of cyclic multipli-

cation. Therefore, we can only analyse the short-term change of adjacent production effi-

ciency, but we cannot observe the long-term growth of production efficiency. In addition,

the directional distance function easily incurs problems without feasible solutions [85].

Therefore, Oh constructed the GML index model, which takes the sum of common reference

sets at different phases as a reference set [86]. The common reference set at all phases is

Sg ¼ S1 [ S2 [ S3[S4 [ . . .[Sp ¼ fðx1
j ; y

1
j Þg [ fðx

2
j ; y

2
j Þg [ . . . fðxtj; y

t
jÞg. The GML index

method can be used to avoid the possibility of technical retrogression. In addition, because the

DMU evaluated is certainly included in the global reference set, the GML index does not have

a problem without a feasible solution. Furthermore, the GML index is characterised by being

transitive and able to be multiplied. In this paper, based on the idea of Oh [86], we combine

the GML index with the EBM super-efficiency model to construct the programming formula

of the GML index from Phase t to Phase t+1 as follows:

GMLtþ1

t xt; yt; bt; xtþ1; ytþ1; btþ1ð Þ ¼
1þ DGðxt; yt; btÞ

1þ DGðxtþ1; ytþ1; btþ1Þ
ð5Þ
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We can further decompose the GML index into efficiency change (GEFC) and technical

change (GETC). The programming formula is as follows:

GMLtþ1
t ðx

t; yt; bt; xtþ1; ytþ1; btþ1Þ

¼
1þ Dtðxt; yt; btÞ

1þ Dtþ1ðxtþ1; ytþ1; btþ1Þ
�

1þ DGðxt; yt; btÞ

1þ Dtðxt; yt; btÞ
�

1þ Dtþ1ðxtþ1; ytþ1; btþ1Þ

1þ DGðxtþ1; ytþ1; btþ1Þ

� �
ð6Þ

The decomposition method of Zofio can be regarded as an extension of the decomposition

method of Fare R et al [87,88]. Based on the Zofio productivity decomposition method, GEFC

is further decomposed into pure efficiency change (GPEC) and scale efficiency change

(GSEC). Then, GTEC is further decomposed into pure technical change (GPTC) and technical

scale change (GSTC), as follows:

GMLtþ1

t ¼ GPEC
tþ1

t þ GSEC
tþ1

t þ GPTC
tþ1

t þ GSTC
tþ1

t ð7Þ

On the basis of different results, GPEC is used to reflect the level of environmental gover-

nance of urban development. GSEC refers to the scale economy of urban development. GPTC

is used to distinguish the standards for technical progress in different regions. GSTC reflects

the interaction between economic scale and technical progress. GML, GPEC, GSEC, GPTC

and GSTC>1 or (<1) represent the growth or decline of total factor productivity of urbanisa-

tion development, the improvement or retrogression of environmental governance, the

growth or decline of scale economy, the progress or retrogress of technology and the improve-

ment or deterioration of the interaction relationship between economic scale and technical

progress, respectively. We can analyse the efficiency of urban development by using this

decomposition method from four dimensions in this paper. This study is more comprehensive

and more concrete than previous studies.

4 Research and analysis

4.1 Analysis of the overall change characteristics of the efficiency of urban

tourism development under the constraint of haze

The spatial and temporal differentiation characteristics of urban development efficiency under

the constraint of undesirable output is observed according to the calculation result of the EBM

model.

(1) Analysing from evolution over time. The efficiency of tourism development of 58 cit-

ies has been steadily improved in 2001–2016 but declined in 2002–2003. It’s shows a fluctuated

upward trend. While the average PM2.5 emission reached the peak value of 71.2 in 2012, and it

was relatively stable in other years.

Fig 2 shows curves of the efficiency of urban tourism development and PM2.5 emissions in

58 cities over time. The figure shows that the average efficiency of urban tourism development

of 58 cities has increased 0.12 to 0.47 over 16 years. This finding indicates that the resource

input by 58 cities have increasingly higher effects on tourism development, but the overall effi-

ciency is not high. The findings also reveal that the efficiency of urban tourism development

has not been improved rapidly with the rapid development of urbanisation under the con-

straint of haze.

(2) Analysing from the city level. In this part, the calculation results of the efficiency of

urban tourism development are relatively low. Against the efficiency of urban tourism devel-

opment, 0.1, 0.2, 0.3 and 1.5 are used as the threshold values for classification. The efficiency is

valued in (0,0.1]), (0.1,0.2), (0.2,0.3) and (0.3,1.5), respectively, to conduct classification, as

shown in (Fig 3).
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The average efficiency of urban tourism development of 58 cities in 2001, 2006, 2011 and

2016 shows that the efficiency of tourism development of each city is improving. Under the

constraint of haze, the efficiency of urban tourism development is not directly proportional to

the development of the city. For example, Beijing, Shanghai and Tianjin are less efficient. How-

ever, in many cities in the western region with less haze weather and good ecological environ-

ment, the efficiency of urban tourism development is higher than that in the cities in the

eastern, central and northeastern regions. Therefore, the input of all production factors should

be strengthened in urban tourism development to improve the efficiency of the development.

At the same time, paying attention to the governance of polluted weather is necessary to

reduce the urban haze days and create a good environment for the development of urban

tourism.

Fig 2. Variation of the efficiency of urban tourism development and PM2.5 emissions in 2001–2016.

https://doi.org/10.1371/journal.pone.0255508.g002

Fig 3. Urban tourism efficiency of 58 cities in 2001, 2006, 2011 and 2016.

https://doi.org/10.1371/journal.pone.0255508.g003
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4.2 Analysis of the improvement of the efficiency of urban tourism

development under the constraint of haze

The advantages of the EBM model is that it can measure the input redundancy, insufficient

quantity of desirable output and the redundancy of undesirable output from the perspective of

proportional improvement value and slack improvement value. The sum of these two values is

the total redundancy value. The analysis on the redundancy (deficiency) of input and output

indicators can reflect the cause for efficiency loss, helping to provide direction for improving

the efficiency of urban tourism development. In this paper, the average value of redundancy

(deficiency) of all indicators of 58 cities in 2001–2016 is divided by the average value of corre-

sponding input (output) indicators. Then, the input redundancy rate and output deficiency

(redundancy) rate of all indicators are obtained. The calculation results are shown in Tables 2–

5. At the same time, the area in which cities are located is divided into the eastern, northeast-

ern, central and western regions. The input-output redundancy rate is shown in Fig 2.

From the perspective of input indicators, the overall redundancy rates of 58 cities in various

input indicators are relatively high. The redundancy rates of input indicators of most cities are

more than 50%. This finding that most of the resource inputs do not play an actual role in pro-

moting urban tourism development, resulting in a waste of resources. Tables 2–5 clearly show

that the redundancy of the investment in fixed assets (I1) in most cities is the primary factor

affecting the efficiency loss of urban tourism development, followed by foreign direct invest-

ment (I2). The investment in fixed assets will considerably improve the construction of urban

tourism infrastructure and its supporting facilities. However, the situation of extensive con-

struction and disorderly expansion is also a problem in China’s urbanisation development,

wasting resources. Foreign direct investment will further aggregate tourism development fac-

tors in different forms, such as the stream of people, circulation of materials, flow of funds and

Table 2. Input–output optimisation result of tourism development in the main western cities.

Cities Input redundancy rate (%) Output deficiency rate (%)

I1 I2 I3 O1 O2 O3

Beihai −64.66 � 66:83 −62.74 77.06 51.42
�

−79.80
�

Chengdu � 63:93 −62.92 −61.45 136.65 33.45 −49.66

Guiyang � 51:91 −46.03 −35.15 116.95 35.84 −48.24

Guilin −50.23 � 50:48 −43.89 59.95 33.73 −49.74

Hohhot � 78:43 −71.12 −56.57 18.80 19.90 −66.85

Kunming −59.49 � 62:61 −52.55 204.73 26.74 −40.48

Lanzhou � 73:70 −67.49 −59.34 524.93
�

34.89 −67.44
�

Nanning −45.17 � 52:47 −44.92 150.21 34.92 −48.97

Urumqi −68.89 � 72:16 −63.86 111.67 63.93
�

−65.81

Xi’an � 79:14 −65.65 −73.03 374.68
�

48.91 −60.77

Xining −60.82 � 68:26 −61.05 232.91 50.51 −61.60

Yinchuan � 85:33 −84.49 −77.72 113.19 79.46
�

−81.95
�

Chongqing −45.39 � 63:01 −35.59 253.99
�

5.90 −28.34

Note: In Table 2, I1 refers to investment in fixed assets, I2 refers to employees in the tertiary industry, I3 refers to foreign direct investment, O1 refers to total tourism

income, O2 refers to total tourism population and O3 refers to PM2.5 emission concentration. 1) The negative number in the table represents that this indicator is

redundant, and the positive number represents that this indicator is insufficient. Redundancy (deficiency) rate refers to the absolute value of the corresponding value of

each indicator. 2) The dark colour blocks in the table represent the indicator ranking first in the redundancy rate. 3) The figures with ‘�’ in the output indicators

correspond to the cities in the top three of deficiency (redundancy) rate.

https://doi.org/10.1371/journal.pone.0255508.t002
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information flow. However, the tourism reception facilities and carrying capacity of cities will

also bear great pressure, hindering the improvement of tourism development efficiency in turn.

Therefore, we should rationally plan the resource input of these indicators in the future, opti-

mise the resource input in urban tourism development, balance the resource input by combin-

ing the demand of urban development and attempt to avoid unnecessary waste of resources.

From the perspective of output indicators, major differences in output deficiency (redun-

dancy) rate occur among cities. These differences are related to the resource endowment of

different cities. First, the desirable output deficiency rate of total tourism income (O1) is rela-

tively high, whereas the desirable output deficiency rate of total tourism population (O2) is rel-

atively low. This finding indicates that the economic effect of urban tourism development is

not good, and the attraction to tourists is also general, but it is better than total tourism

income. The undesirable output PM2.5 emission concentration (O3) is generally high. A com-

parison of the desirable output deficiency rate and undesirable output redundancy rate among

different cities shows that excessive PM2.5 emissions have a relatively major effect on the effi-

ciency loss of urban tourism development. In addition, compared with the redundancy rate of

input indicators, output deficiency (redundancy) rate is generally high. Therefore, we should

focus on the improvement of various output indicators and the decrease in PM2.5 emission

concentration in the improvement of urban tourism development efficiency to attract tourists

and increase tourism income.

In this section, based on the regions in which China’s 58 cities are located (Fig 4), the char-

acteristics of spatial differentiation of input redundancy rate and output deficiency (redun-

dancy) rate of China’s cities in 2001–2016 are analysed as follows. On the whole, the input

redundancy rate and output deficiency (redundancy) rate of cities in the northeastern and

western regions are much higher than those in the central and eastern regions. On the one

Table 3. Input–output optimisation result of tourism development in the main central cities.

Cities Input redundancy rate (%) Output deficiency redundancy rate (%)

I1 I2 I3 O1 O2 O3

Datong � 70:11 −62.24 −53.71 83.76 45.33 −59.74

Hefei � 86:88 −71.83 −79.12 119.26 63.54 −76.53
�

Huangshan −19.50 � 51:63 −21.61 30.81 10.56 −64.59

Jiujiang −50.61 � 55:33 −37.85 71.67 20.58 −60.68

Luoyang � 58:29 −34.12 −49.82 234.56
�

27.87 −33.34

Nanchang � 89:23 −77.36 −87.10 212.20 65.41
�

−80.18
�

Qinghuangdao −69.20 −72.99 � 75:47 96.13 64.88
�

−72.75
�

Shijiazhuang � 72:89 −70.56 −62.56 243.76
�

61.08 −67.63

Taiyuan � 73:79 −67.53 −63.69 243.54
�

58.27 −64.91

Wuhan � 84:51 −58.14 −78.60 232.26 40.33 −59.84

Changsha � 75:60 −57.45 −74.47 210.84 50.72 −60.12

zhengzhou � 82:73 −68.68 −76.62 185.14 65.04
�

−70.21

Chengde −36.33 − � 48:13 −36.07 36.15 13.41 −45.61

Note: In Table 3, I1 refers to investment in fixed assets, I2 refers to employees in the tertiary industry, I3 refers to foreign direct investment, O1 refers to total tourism

income, O2 refers to total tourism population and O3 refers to PM2.5 emission concentration. 1) The negative number in the table represents that this indicator is

redundant, and the positive number represents that this indicator is insufficient. Redundancy (deficiency) rate refers to the absolute value of the corresponding value of

each indicator. 2) The dark colour blocks in the table represent the indicator ranking first in the redundancy rate. 3) The figures with ‘�’ in the output indicators

correspond to the cities in the top three of deficiency (redundancy) rate.

https://doi.org/10.1371/journal.pone.0255508.t003
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hand, the tourism development level of cities in the northeastern and western regions is lower

than that in the central and eastern regions. On the other hand, the development of cities in

the northeastern region depends on heavy industry, and the development of cities in the west-

ern region highly depends on the energy and resource input. These results also make PM2.5

emission concentration in these regions high and affect the efficiency of urban tourism devel-

opment. At the same time, the redundancy rate of the two regions is not significantly different.

Furthermore, input redundancy rate and output deficiency (redundancy) rate of tourism

development in the eastern cities are far higher than those in the central regions, which is

closely related to excessive input factors and low output level of urban tourism development in

the eastern region. However, in the central region, input redundancy rate and output

Table 4. Input–output optimisation result of tourism development in the main eastern cities.

Cities Input redundancy rate (%) Output deficiency redundancy rate (%)

I1 I2 I3 O1 O2 O3

Beijing −80.15 � 80:49 −53.37 75.79 32.92 −36.29

Fuzhou � 87:20 −76.57 −73.74 206.28
�

59.96 −72.63

Guangzhou � 93:09 −82.15 −86.91 67.31 110.85
�

−67.70

Haikou � 87:32 −83.69 −86.55 216.48
�

82.47
�

−82.72

Hangzhou � 78:95 −60.51 −70.73 102.66 53.93 −60.60

Lianyungang −73.81 −77.11 � 79:43 73.20 71.63 −84.77
�

Nanjing � 89:86 −65.09 −81.22 128.00 62.70 −66.69

Nantong −84.30 −79.81 � 85:10 75.36 75.60 −83.14
�

Ningbo � 85:92 −59.32 −80.81 141.90 55.14 −62.40

Qingdao � 88:52 −69.22 −86.28 78.22 66.29 −69.89

Quanzhou � 59:84 −58.92 −58.38 134.90 47.99 −58.78

Sanya −72.98 � 75:72 −75.57 55.28 56.94 −70.02

Xiamen � 91:50 −58.06 −84.26 130.08 56.49 −62.55

Shantou � 82:68 −79.98 −79.21 77.36 86.39
�

−78.99

Shanghai � 73:12 −60.17 −67.00 73.59 46.01 −52.05

Shenzhen � 86:41 −60.20 −71.59 270.42
�

51.93 −53.72

Suzhou −82.64 −51.80 � 88:11 57.39 46.38 −53.19

Tianjin −87.59 −65.02 � 93:05 141.57 60.38 −65.17

Weihai −67.74 −65.56 � 84:83 61.55 61.14 −74.52

Wenzhou −35.31 � 44:27 −41.15 87.45 23.70 −44.84

Wuxi −81.39 −54.44 � 88:84 48.72 50.27 −58.30

Yantai � 82:13 −67.87 −71.06 170.47 61.31 −69.27

Zhanjiang −63.39 � 64:60 −63.59 126.44 40.12 −58.22

Zhangzhou � 65:19 −63.16 −58.14 119.13 54.29 −64.59

Zhongshan � 96:38 −79.66 −93.61 78.36 77.74 −90.15
�

Zhuhai −88.37 −63.18 � 89:99 126.79 62.68 −65.11

Jinan � 82:27 −76.69 −74.70 154.80 72.33 −77.30

Note: In Table 4, I1 refers to investment in fixed assets, I2 refers to employees in the tertiary industry, I3 refers to foreign direct investment, O1 refers to total tourism

income, O2 refers to total tourism population and O3 refers to PM2.5 emission concentration. 1) The negative number in the table represents that this indicator is

redundant, and the positive number represents that this indicator is insufficient. Redundancy (deficiency) rate refers to the absolute value of the corresponding value of

each indicator. 2) The dark colour blocks in the table represent the indicator ranking first in the redundancy rate. 3) The figures with ‘�’ in the output indicators

correspond to the cities in the top three of deficiency (redundancy) rate.

https://doi.org/10.1371/journal.pone.0255508.t004
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deficiency (redundancy) rate of urban tourism development are relatively balanced. Therefore,

rationally allocating various input resources according to the characteristics of regional tour-

ism development in the formulation of macro-regional tourism policies and paying attention

to the effect of PM2.5 emission on the efficiency of tourism development are necessary.

4.3 Analysis of total factor productivity in urban tourism development

under the constraint of haze

Total factor productivity (TFP), regarded as an important index to evaluate the economic

growth rate, refers to the ‘efficiency of production activities in a certain period of time’, and it

is a productivity index to measure the total output per unit of total input. Based on the GML

index analysis method, we measure the total factor productivity of tourism development in 58

major cities in China in 2001–2016, in consideration of the undesirable output of PM2.5 in

this paper. We decompose them into GPE, GSEC, GPTC and GSTC based on the Zofio pro-

ductivity decomposition method to analyse the driving factors for total factor productivity

change in tourism development. The calculation results are shown in Figs 5–7.

Fig 5 shows the geometric mean of GML index in tourism development of major cities in

China in 2002–2016 (The average value refers to the arithmetic mean unless otherwise stated.

Table 5. Input–output optimisation result of tourism development in the main northeastern cities.

Cites Input redundancy rate (%) Output deficiency redundancy rate (%)

I1 I2 I3 O1 O2 O3

Dalian −86.67 −65.26 � 93:47 187.29
�

58.73 −66.26

Harbin � 76:27 −73.72 −73.98 238.13
�

65.08
�

−67.83
�

Jilin −92.65 −87.45 � 95:58 102.88 64.10
�

−75.64
�

Shenyang −84.84 −65.64 � 87:19 280.14
�

58.79 −62.49

Changchun −80.12 −72.83 � 81:25 150.02 59.82
�

−69.58
�

Note: In Table 5, I1 refers to investment in fixed assets, I2 refers to employees in the tertiary industry, I3 refers to foreign direct investment, O1 refers to total tourism

income, O2 refers to total tourism population and O3 refers to PM2.5 emission concentration. 1) The negative number in the table represents that this indicator is

redundant, and the positive number represents that this indicator is insufficient. Redundancy (deficiency) rate refers to the absolute value of the corresponding value of

each indicator. 2) The dark colour blocks in the table represent the indicator ranking first in the redundancy rate. 3) The figures with ‘�’ in the output indicators

correspond to the cities in the top three of deficiency (redundancy) rate.

https://doi.org/10.1371/journal.pone.0255508.t005

Fig 4. Input–output optimisation result of tourism development based on the regions where cities are located.

https://doi.org/10.1371/journal.pone.0255508.g004
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Fig 5. GML index change in tourism development of major cities in China in 2002–2016.

https://doi.org/10.1371/journal.pone.0255508.g005

Fig 6. Changes in GPEC and GPTC in tourism development of major cities in China in 2002–2016.

https://doi.org/10.1371/journal.pone.0255508.g006

Fig 7. Changes in GSEC and GSTC of tourism development in China’s major cities in 2002–2016.

https://doi.org/10.1371/journal.pone.0255508.g007
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According to Oh [24] (2010), the geometric mean is better than the arithmetic mean in GML
index analysis. In Fig 4, GML indexes of different years correspond to the geometric mean values
of GML indexes of tourism development in 58 major cities in 14 stages, namely, 2002–2003,
2003–2004, 2004–2005, 2005–2006, 2006–2007, 2007–2008, 2008–2009, 2009–2010, 2010–
2011, 2011–2012, 2012–2013, 2013–2014, 2014–2015 and 2015–2016). The GML index value of

tourism development of major cities in China shows a fluctuated upward trend in 2002–2016,

under the constraint of PM2.5. However, on the whole, only the corresponding GML indexes

in 2003 and 2013 are less than 1 (0.83 and 0.99, respectively), and the GML indexes in other

stages are greater than 1. A comparison with Fig 2 shows that during the period from 2001 to

2016, the efficiency of tourism development in 2002–2003 and 2012–2013 is slightly decreased,

which is closely related to the SARS outbreak in China in the spring of 2003 when China’s

tourism was seriously hit, and the transition of China’s economic and social development to

the ‘New Normal’ in 2013(Xi Jinping systematically expounded the ‘new normal’ for the first
time. http://www.xinhuanet.com//world/2014-11/09/c_1113175964.htm 2014-11-09). The effi-

ciency of tourism development in other stages shows an upward trend. This finding is a direct

reflection of GML index change.

Figs 6 and 7 show that GPTC and GSTC show an obvious upward trend in GML decompo-

sition indexes. This finding indicates that the ‘fluctuated rising trend’ of GML indexes of tourism

development of China’s major cities is mainly due to the technical progress of urban development

in 2002–2016. In this paper, 58 major cities in China, excluding cities with good tourism resource

endowment, are also the innovative cities with the most active economic development. Urban

tourism development is represented by e-commerce, standardisation construction and product

innovation. Tourism has high technological content as a whole and high utilisation ability of tour-

ism resources. Furthermore, tourism resources can be allocated rationally. Therefore, the overall

technical efficiency of urban tourism development is relatively high. However, the overall levels of

GPTC and GSTC remain low currently. Promoting the overall technological progress of urban

tourism development is necessary in the future by ways such as further strengthening technologi-

cal innovation and developing tourism information technology.

GPEC and GSEC show a ‘fluctuated declining’ trend, reflecting that the overall level of haze

governance in 58 cities has decreased during the period from 2001 to 2016. The Chinese gov-

ernment has increasingly advocated the concept of green development of the ecological econ-

omy. However, the industrial development in China’s cities remains highly dependent on

resources and energy input at the current stage, so urban environmental problems remain

prominent, especially haze. In addition, the market failure in the field of tourism economy

leads to insufficient investment and repeated construction, making urban tourism develop-

ment lose its features. The failure will also promote the environmental efficiency of urban tour-

ism development to decline. Therefore, we should not only focus on the investment in

environmental governance but also rationally guide the management and distribution of inter-

nal elements in the tourism system and fully use production factors in the development of

urban tourism to improve the overall environmental efficiency of urban tourism development.

5 Conclusions and inspirations

In this paper, we analyse the efficiency of tourism development of 58 major cities in China

under the constraint of haze characterised by PM2.5 emission concentration in 2001–2016.

Among them, the input indicators to measure the efficiency of urban tourism development

mainly include investment in fixed assets, employees in the tertiary industry and foreign direct

investment. The output indicators mainly include total tourism income and total tourism pop-

ulation, and the PM2.5 emission concentration is used as an undesirable output. Furthermore,
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the EBM Super Efficiency Model is used to measure the efficiency of urban tourism develop-

ment under the constraint of haze and the GML index is adopted to measure total factor pro-

ductivity of tourism development in 58 cities in 2002–2016. These metrics are analysed

through decomposing them into GPTC, GSEC, GPEC and GSTC. The main conclusions are

as follows.

1. In 2001–2016, the efficiency of tourism development in 58 cities has been steadily

improved. In the past 16 years, the average efficiency of urban tourism development has

increased from 0.12 to 0.47. The resources input by the government for the city have an

increasing effect on tourism development, but the overall efficiency is not high.

2. The efficiency of tourism development in all cities studied shows a fluctuated upward

trend. Under the constraint of haze, the efficiency of urban tourism development is not

directly proportional to the development of the city. In most western cities with less haze

weather and good ecological environment, the efficiency of urban tourism development is

higher than that in the eastern, central and northeastern cities instead.

3. We analyse the efficiency of urban tourism development from the perspective of input–out-

put redundancy. In terms of all input redundancy improvement in 2001–2016, from the

angle of input indicators, the overall redundancy rates in all input indicators of 58 major

cities are slightly high, and the redundancy rates of input indicators in most cities are more

than 50%. From the angle of output indicators, the output deficiency (redundancy) rates in

all cities are greatly different. These findings are related to the resource endowment of dif-

ferent cities. In addition, compared with the redundancy rate of input indicators, output

deficiency (redundancy) rate is generally higher. In the regions where 58 cities are located

in 2001–2016, little difference occurs in input redundancy rate and output deficiency

(redundancy) rate between the northeastern and western regions, but the redundancy rates

of the two regions are far higher than those of the central and the eastern regions. Further-

more, the input redundancy rate and output deficiency (redundancy) rates of urban tour-

ism development in the eastern region are much higher than those in the central region.

4. Under the constraint of haze, total factor productivity of tourism development in 58 cities

shows a fluctuated upward trend in 2002–2016. The decomposition factors, GPTC and

GSTC show a clear upward trend, and GPEC and GSEC show a fluctuated downward

trend.

Based on the above conclusions, the following policy implications are drawn in this paper.

Firstly, we should fully consider the differences in resource endowment, industrial structure

characteristics and economic development stages of each city; formulate institutional arrange-

ments to promote urban tourism development according to local conditions and strengthen

the investment in soft resources such as modern information technology, service ability of

employees and tourism commodity supply. Endogenous power can thus be provided to pro-

mote the efficiency of urban tourism development. Secondly, focusing on the governance of

polluted weather; accelerating the relevant legislation; strengthening the education in hazards,

causes and prevention of haze weather; improving the social responsibility of enterprises and

individuals and advocating healthy production and lifestyle are necessary to reduce the emis-

sion of air pollutants and the occurrence of urban haze weather. Thirdly, we should deepen the

supply-side structural reform of urban tourism development, cultivate the constraint mecha-

nism of investment in science and technology and the dynamic mechanism of technological

innovation, strengthen the supervision and management of resource elements and optimise

the input structure to improve the performance of various resources in urban tourism
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development. Fourthly, taking sustainable development as guidance, we should guide urban

tourism development through adhering to the concepts of Innovation, Coordination, Green,

Opening and Sharing, as well as inhibit the restrictive effect of pollution emission and other

environmental factors on the high-quality development of urban tourism by strengthening the

supervision and management of emission reduction policies. Thus, a good ecological environ-

ment for the development of urban tourism can be created. In addition, we should scientifi-

cally grasp the internal driving factors of the total factor growth in urban tourism

development, strengthen the collaborative innovation of science and technology and the con-

struction of talent system and promote the high-quality development of urban tourism with

the help of tourism technology progress, product and service innovation.
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