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Abstract: This paper introduces energy consumption and carbon emission into the analysis
framework of the green productivity of tourism. By comparing and analyzing the two main methods
used to evaluate the energy consumption and carbon emission estimations of tourism, namely, the
“top-down” and “bottom-up” method, and considering the availability of data, the “bottom-up”
method was adopted to evaluate the energy consumption and carbon emissions of tourism in the
Yangtze River Economic Zone (YREZ). Then, using the Malmquist-Luenberger (ML) index in the
super-efficiency data envelopment analysis (DEA) model, the green productivity of the tourism in 11
provinces and cities in the YREZ from 2006 to 2015 was measured. The empirical results show that:
(1) The energy consumption and carbon emissions of tourism in the YREZ have increased steadily over
the past 10 years, which has caused a certain degree of pollution to the environment, indicating that
tourism is no longer a “smoke-free industry”; (2) there are significant provincial differences between
the energy consumption and carbon emissions of tourism in the YREZ, with Shanghai always ranking
first, while Guizhou and Yunnan ranks last, which represents that the tourism economic development
level is positively correlated with the tourism energy consumption and carbon emissions; (3) the
green productivity of tourism in the YREZ shows a fluctuating increasing trend in the past 10 years,
and technological progress has become the main reason for its growth in green productivity; and
(4) the green productivity of tourism in 11 provinces and cities in the YREZ can be divided into three
types: Progressive type of tourism green development, stagnant type of tourism green development,
and declining type of tourism green development. Consequently, different types of provinces should
explore effective dependency paths based on their own conditions.

Keywords: tourism; green productivity; measurement; Yangtze River Economic Zone (YREZ)

1. Introduction

The YREZ is an important link between the Silk Road Economic Belt and the 21st Century
Maritime Silk Road, which covers more than 20% of the land area in China, and the proportion of
GDP and population in this area is more than 40% of the whole country. Furthermore, there are
unique and abundant human tourism resources and natural tourism resources along the Yangtze
River [1]. However, for a long time, the rapid growth and continuous expansion of the economic scale
of tourism in the YREZ have been heavily dependent on the input of resource elements, resulting
in a series of issues, such as high resource consumption, low development and utilization rates, low
economic output, environmental pollution, and ecological destruction, which have seriously affected
the quality and efficiency of green tourism development [2]. Therefore, tourism in the YREZ needs
to be changed from extensive to intensive, and from quantity expansion to quality improvement [3].
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In 2014, the State Council promulgated the guiding opinion on relying on the golden waterway to
promote the development of the YREZ [4], and put forward the idea of creating tourist cities along
the Yangtze River, opening high-quality tourist routes, speeding up the development of characteristic
tourism, and promoting the transformation and upgrading of tourism. Therefore, through the study
of green productivity of tourism in the YREZ, we can determine the contribution of green tourism
elements’ input into the provinces and cities along the Yangtze River, and reveal the inherent law of
the green development, transformation, upgrading, and balanced development of tourism, which is
expected to provide some theoretical guidance and decision-making reference for exploring the way
to improve green productivity of tourism in the YREZ, and provide new ideas for the creation of the
International Golden Tourism Belt and the growth of the green tourism economy [1,3].

Total factor productivity (TFP), also called system productivity, refers to “the efficiency of
production activities in a certain period of time”. It is a productivity index that is used to measure
the total output of per unit of total input, that is, the ratio of total output to total factor input [5].
TFP can reflect the growth trend of high-end production factors, such as technology, management,
and knowledge, and their contribution to economic development. Their growth rate is often
regarded as an indicator of scientific and technological progress. However, if the constraints
on resources and the environment are ignored, the productivity measurement will be deviant.
The green total factor productivity (GTFP) is lower than the traditional TFP [6]. Compared with TFP,
GTFP integrates resources and the environment into the measurement framework, and is known
as actual, environmentally-sensitive, or green TFP [7]. It regards environment pollution as the
input factor [8], or regards environment pollution as the non-expected output [9], or constructs
the environmental comprehensive index to transfer the output into green output [10]. In recent
years, GTFP, as an important indicator of the quality of regional economic growth and environmental
management efficiency, has been widely researched by scholars. At present, scholars have carried out
systematic studies on industrial green productivity [7,11–13], agricultural green productivity [14,15],
manufacturing green productivity [16], and so on, especially in the field of industrial research. In the
field of tourism, some scholars regard carbon emission efficiency as an important indicator to measure
the GTFP of tourism [17]. However, most of these studies only take traditional capital and labor factors
as input indicators to measure the TFP of tourism, and less consideration is given to the resources and
environment factors that are closely related to the sustainable development of tourism [18]. In fact,
based on the accurate measurement of the GTFP of tourism, the technological progress efficiency can
be improved, which provides a strong basis for the formulation of sustainable policies of tourism
development [19]. However, there is insufficient attention on GTFP of tourism in the YREZ, and there
is also a lack of research on the development strategies to promote the optimization and transformation
of its tourism structure, while the path design and institutional innovation to enhance productivity are
also relatively scarce; only a few studies have discussed the GTFP of tourism [3] and their study area is
a coastal area. In view of the regional characteristics of the development of tourism green industry
efficiency, this paper measures the evolution and development of green tourism industry efficiency in
the YREZ, and puts forward a targeted promotion strategy. It is conducive to the healthy development
of the tourism economy in the YREZ. Moreover, it enriches the theory of green tourism efficiency, and
has great significance as a reference for the study of green tourism efficiency in other provinces and
cities both in China and internationally.

2. Study Area, Study Methods and Data Sources

2.1. Study Area

The YREZ refers to the economic development circle along the Yangtze River, covering 11
provinces and cities, including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing,
Sichuan, Guizhou, and Yunnan, which spans eastern, central, and western China. It connects the east
with the west, and links the region to rivers and seas (Figure 1). The YREZ Strategy is important for the
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development of the country. Its development philosophy is to “take great protection and not engage in
large-scale development”. It emphasizes the coordination of economic development and ecological
protection, and industrial development should be based on the premise of protecting the ecology and
take the path of green, low-carbon, and sustainable development. The quality level of scenic spots
in China is divided into five levels. From high to low, the order is: AAAAA, AAAA, AAA, AA, and
A-level scenic spots [20]. Tourism is an important industry in the YREZ, which is large and has good
development vitality. The number of A-level scenic spots in the YREZ is 3602, accounting for 40.23%
of the national A-level scenic spots; the number of tourists is 4.929 billion, accounting for 46.50%
of the national tourism; the total tourism revenue accounts for 44.21% of the total tourism revenue
in the country, with the total tourism revenue in 2015 reaching 506.2597 billion RMB, accounting
for 18.08% of the GDP of the YREZ, which contributed greatly to the economic development of the
YREZ [21]. As an important part of the industrial development in the YREZ and the development of
national tourism, tourism should also be combined with the concept of green development. The green
production efficiency of the tourism industry should be improved, and the active role of the tourism
industry in protecting the ecology and reducing pollution should be considered, which is regarded as
an important engine for the green development of the YREZ.
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2.2. Study Methods

Green productivity considers energy consumption as an input, and carbon emission is considered
as an undesirable output [22], while governments at all levels have not directly calculated the energy
consumption and carbon emissions of the tourism industry. Both the domestic and foreign literature
estimate the energy consumption and carbon emissions of the tourism industry [23]. Therefore, in this
study, the “bottom up” method is used to estimate the energy consumption and carbon emissions of
the tourism industry in the YREZ. Then, the super-efficiency DEA model and ML index are applied to
measure the green productivity of tourism in the YREZ. Finally, the characteristics of the evolution of
green productivity in the YREZ are analyzed.

2.2.1. “Bottom up” Method

There are two main methods for estimating the energy consumption and carbon emissions in
the tourism industry: Top-down and bottom-up. The top-down method is mainly based on the use
of national tourism satellite accounts [24,25], or is based on national economic accounting and uses
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the input-output model to estimate the energy consumption and carbon emissions of the tourism
industry [26,27]. The bottom-up method divides the tourism industry into the three categories of
tourism transportation, accommodation, and tourism activities, and the energy consumption and
carbon emissions of the tourism industry are estimated based on tourists’ consumption of these three
categories [28,29]. Among them, tourism activities refer to people’s short-term departure from their
usual environment for leisure, business, and other purposes, travel to other places, and stopovers in
the area [30]. The top-down method and the bottom-up method have similar estimates of the energy
consumption and carbon emissions of the tourism industry [31]. According to the availability of data,
the bottom-up method is selected to estimate the energy consumption and carbon emissions of the
tourism industry in the YREZ. The equation is expressed as follows:

Ct = CTt + CHt + CRt (1)

In Equation (1), Ct refers to the energy consumption/carbon emissions of the tourism industry;
CTt is used as the energy consumption/carbon emissions of tourism transport; CHt indicates the
energy consumption/carbon emissions of tourism accommodation; and CRt refers to the energy
consumption/carbon emissions of tourism activities.

The estimated equation of CTt for the energy consumption/carbon emissions of tourism traffic is
expressed as follows:

CTt =
n

∑
i=1

Qit × fi × αi (2)

In Equation (2), Qit represents the passenger turnover of the ith transportation (including railway,
highway, water transport, and aviation); and fi is the proportion of tourists in the passenger turnover
of the ith transportation. According to the study of Wang Kai et al., the fi of railway, highway,
water transport, and aviation are 31.6%, 13.8%, 10.6%, and 64.7%, respectively [32]; ai refers to the
energy consumption coefficient/carbon emissions factor of the ith transportation. Because of the
difference in the classification of tourism traffic and the value of energy consumption coefficient/carbon
emission factors at home and abroad, this paper mainly refers to domestic research. The energy
consumption coefficients of railway, highway, and aviation are 1 MJ/pkm, 1.8 MJ/pkm, and 2 MJ/pkm,
respectively [33]. Since the value of the energy consumption coefficient of water transport is not
found in domestic research, the water transport energy consumption coefficient is 2.4 MJ/pkm
according to the study of Becken and Patterson [31]. The carbon emission factors of railway, highway,
water transport, and aviation are taken as 27 g/pkm, 133 g/pkm, 106 g/pkm, and 137 g/pkm,
respectively [32].

The estimated equation of CTt for the energy consumption/carbon emissions of tourism
accommodation is expressed as follows:

CHt = Nt × lt × T × β (3)

In Equation (3), Nt refers to the number of room beds; lt is the room occupancy rate; T represents
the number of days in a year (the general value is 365 days); and β is the energy consumption
coefficient/carbon emissions factor of tourism accommodation. Due to the differences in the value
of the energy consumption factor/carbon emissions factor among various scholars, this paper
mainly refers to the research of domestic scholars. The energy consumption coefficient of tourism
accommodation is 155 MJ/bed night [33], and the carbon emissions factor is 245.8 g/pkm [32].

The estimated equation of CTt for the energy consumption/carbon emissions of tourism activities
is expressed as follows:

CRt =
n

∑
k=1

Pkt × γk (4)
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In Equation (4), Pkt represents the number of tourists of the kth activities (including sightseeing,
leisure vacation, visiting relatives and friends, business meetings, and others); and gk is the energy
consumption coefficient/carbon emissions factor of the kth activities. Based on the research of
domestic scholars, the energy consumption coefficients of tourism, sightseeing, leisure vacation,
visiting relatives and friends, business meetings, and others are 8.5 MJ/person, 26.5 MJ/person,
12 MJ/person, 16 MJ/person, and 3.5 MJ/person, respectively, and the carbon emissions factors are
417 g/person, 1670 g/person, 591 g/person, 786 g/person, and 172 g/person, respectively [33].

2.2.2. Super-Efficiency DEA Model and ML Index

Green productivity refers to the economic performance of the industry under environmental
constraints. Carbon emission is regarded as an undesired output to estimate the TFP of the
industry [34,35]. The DEA model is a method used to evaluate the efficiency of decision-making
units with multiple inputs and outputs. It takes the study object as a decision-making unit (DMU)
and interprets the efficiency through the input-output ratio of the study object, and then finds out
the effective production frontier and the gap between the study object and the effective production
frontier, which is used to judge whether the economic study object is effective or not. Its advantage
is that the production frontier can be obtained by linear programming without using any function
or hypothesis [36]. The super-efficiency DEA model is an important method for measuring green
productivity. The degree of relative change of GTFP is obtained by comparing the actual green
output level with the frontier level by a directional distance function [37]. The directional distance
function (DDF) is used to represent a steady increase of the expected output during production, while
minimizing undesired output. That is, under the conditions of the established direction, h = (hy, hz),
input, x, and the environmental technology set, P(x), the expected output increases by a certain
proportion, while the undesired output maintains a reduction of the same proportion. Assuming that
the direction vector of the output expansion is h = (hy, −hz), the output directional distance function
can be defined as:

⇀
D (x, y, z; ηy, −ηz) = sup

[
β : (y + βηy, z− ηz

]
(5)

The above formula represents the maximum multiple β of the expansion and contraction of the
output vector, (y, z), when moving to the production frontier along the direction, h = (hy, hz), under the
condition of the established input, x, and the environmental technology set, P(x).

When using the DEA model to obtain results, scholars mainly use the Malmquist Index and
the ML Index. The ML index is actually a modified Malmquist index. The input data of these two
indexes is the same, but the output data is different. The traditional Malmquist index is calculated
based on the output distance function. It considers the “good output” and does not consider the “bad
output” of pollution emissions, while the ML index is calculated based on the directional distance
function. It increases the good output while reducing the bad output, which is impossible for the
output distance function [10]. The ML index is still effective when considering the negative output
caused by carbon emissions. Therefore, the ML Index was chosen to measure the green productivity of
tourism (GTFP) in the YREZ. The ML index represents the productivity growth from the period, t, to
the period, t + 1. If the ML index is greater than 1, it indicates a productivity growth; if the ML index is
less than 1, it indicates a productivity decline; and if the ML index is equal to 1, it indicates no change
in productivity. Through the directional distance function, the ML productivity index can be further
decomposed into the efficiency improvement index (EFFCH index) and technological progress index
(TECH index). The TECH index indicates the moving speed of the production frontier of production
technology from the period, t, to the period, t + 1; that is, the degree of innovation of production
technology. When the TECH index is greater than 1, the production technology is improved; when
the TECH index is less than 1, the production technology is decreased; and when TECH index is
equal to 1, the production technology does not change. The EFFCH index measures the degree of the
production system’s catch-up for the production possibility boundary from the period, t, to the period,
t + 1, which indicates the change in the degree of relative efficiency under the conditions of a constant
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scale reward and free disposal of factors. When the EFFCH index is greater than 1, the technical
efficiency is improved; when the EFFCH index is less than 1, the technical efficiency is decreased;
and when the EFFCH index is equal to 1, the technical efficiency does not change. Based on the
study of Zhang et al. [38], for any provincial region, I, in the YREZ, the input factor vector (including
tourism capital, tourism labor, and tourism energy consumption) is represented by x; y refers to the
expected output vector (including operating income, tax, and surcharge of tourism enterprises); z is
the undesired output vector (including the carbon emissions of tourism); and h represents the direction
vector of the output. Therefore, the ML index from the current year to the next year is:

MLt+1
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2.3. Data Sources

Based on the availability and continuity of data, the author selected the data of 11 provinces
and cities in the YREZ from 2006 to 2015 as the measurement object. Among them, the tourism
traffic indexes, such as passenger turnover of railway, highway, water transport, and aviation, are
derived from the China Statistical Yearbook [39] and the statistical yearbooks of the provinces and
cities in the YREZ. Some indexes are derived from the China Tourism Statistics Yearbook, including
the tourist accommodation indexes, such as the number of beds and the room occupancy rate; the
capital input indexes, such as the original cost of the fixed assets of tourism enterprises; the labor
input indexes, such as the employees of tourism enterprises; and the expected output indexes, such as
the operating income, tax, and surcharge of tourism enterprises [40]. The tourism activities indexes,
such as the number of tourists who are sightseeing, on leisure vacation, visiting relatives and friends,
and attending business meetings, are estimated according to the Tourism Sampling Survey Data [41].
The data sources of the indicators are shown in Appendix A. Figure 2, and Tables 1 and 2 are calculated
from the source data in the statistical yearbook by formulas.
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3. Research Process and Results Analysis

3.1. Analysis of the Energy Consumption and Carbon Emissions of Tourism in the YREZ

The “bottom-up” method was adopted to evaluate the energy consumption and carbon emissions
of tourism in the YREZ. It was found that the energy consumption and carbon emissions of tourism in
the entire YREZ have been increasing from 2006 to 2015. By 2015, the energy consumption of tourism
in the YREZ reached 854.80 MJ, with an average annual growth rate of 8.78%; and the carbon emissions
of tourism reached 5469.48 × 104t, with an average annual growth rate of 7.73% (Figure 2). Over the
past 10 years, the annual growth rate of domestic tourism income and inbound tourism income in
the YREZ is 20.86% and 10.09%, respectively, which shows that the energy consumption and carbon
emissions of tourism in the YREZ will maintain continuous growth with the development of the
tourism economy. However, its growth rate is lower than the growth rate of the tourism economy.
Since the carbon emissions and energy consumption of tourism are produced by tourists in the process
of satisfying tourism demand, that is, in tourism transportation, tourism accommodation, and tourism
activities [28]. Therefore, the fundamental reason for the continuous growth of the carbon emissions
and energy consumption of tourism in the YREZ from 2006 to 2015 is the continuous expansion of the
tourism scale, that is, the surge in the tourism population.

From comparing and analyzing the energy consumption and carbon emissions of tourism in
provinces and cities in the YREZ during 2006–2015 it is evident that the carbon emissions of tourism in
the Jiangsu province shows a slight downward trend. However, the overall energy consumption of
tourism shows a rising trend. In addition, the energy consumption and carbon emissions of tourism
of the other 10 provinces and cities show an increasing trend over the past 10 years. Except for the
sustainable growth of the energy consumption and carbon emissions of tourism in Jiangxi, Chongqing,
and Hunan, the energy consumption and carbon emissions of tourism of the other eight provinces and
cities are in a state of fluctuating growth. That is, in a few years, there has been a slight decrease in
tourism energy consumption and carbon emissions (Tables 1 and 2).

Comparing the energy consumption and carbon emissions of tourism of 11 provinces and cities in
the YREZ vertically, the authors find that the energy consumption and carbon emissions of tourism of
these 11 provinces and cities are significantly different and can be roughly divided into four gradients.
The first gradient includes Jiangxi, Guizhou, Chongqing, and Yunnan, which have the lowest overall
energy consumption and carbon emissions of tourism; the second gradient includes Anhui, Hubei,
and Hunan, and their energy consumption and carbon emissions of tourism are more than the first
gradient; the third gradient includes Zhejiang, Jiangsu, and Sichuan, and they have more energy
consumption and carbon emissions of tourism than the provinces and cities of the first and second
gradients; Shanghai is in the fourth gradient, with its energy consumption and carbon emissions of
tourism being far more than the other 10 provinces and cities in the YREZ. Referring to the tourism
economic development level of the 11 provinces and cities in the YREZ, it can be found that the
tourism economic development levels of provinces and cities where energy consumption and carbon
emissions of tourism are in the first and second gradients is lower than that of other provinces and
cities. Additionally, the tourism economic development levels of provinces and cities that are in the
third and fourth gradients are more than other provinces and cities. This indicates that the carbon
emissions and energy consumption of tourism of the 11 provinces and cities in the YREZ are closely
related to the tourism economic development level, with a higher tourism economic development
level related to a higher energy consumption and carbon emissions of tourism. This is mainly because
the 11 provinces and cities in the YREZ have different tourism consumptions due to the difference in
the number of tourists, which leads to a different development of each tourism economy, and different
carbon emissions and energy consumption of tourism in the 11 provinces and cities in the YREZ. For
example, Shanghai has many tourists, a developed tourism economy, and high carbon emissions and
energy consumption of tourism, whereas Guizhou is the opposite. (Tables 1–3).
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Table 1. Energy consumption of tourism of the 11 provinces and cities in the Yangtze. River Economic
Zone (MJ).

Province
and Cities 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Shanghai 86.60 103.81 101.49 118.30 145.67 158.35 146.76 162.31 170.63 200.53
Jiangsu 50.83 58.42 60.09 53.20 58.26 65.35 72.43 62.03 66.39 68.31

Zhejiang 49.39 58.82 63.84 68.15 73.76 77.95 84.37 80.33 88.54 95.29
Anhui 29.89 33.03 39.96 43.82 47.90 52.69 59.46 67.00 51.55 48.02
Jiangxi 23.64 25.95 28.85 29.33 32.61 35.33 36.24 37.14 39.56 41.23
Hubei 34.36 39.32 43.04 42.62 51.13 56.94 61.48 68.04 63.55 65.61
Hunan 248.14 273.65 280.99 309.67 324.01 364.84 386.40 372.09 400.75 413.22

Chongqing 13.64 17.67 21.13 24.25 27.81 32.41 43.08 47.81 49.11 55.83
Guizhou 15.28 16.53 17.98 20.06 23.45 28.27 32.24 33.52 36.62 39.54
Sichuan 50.55 57.31 60.59 70.38 60.32 89.86 98.86 116.27 115.78 128.35
Yunnan 22.42 24.66 23.91 26.19 27.94 31.00 33.61 34.12 39.57 39.63

Table 2. Carbon emissions of tourism of the 11 provinces and cities in the Yangtze River. Economic
Zone (Ton).

Province
and Cities 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Shanghai 616.48 733.50 714.10 826.39 1019.04 1098.15 1019.43 1126.21 1180.93 1386.42
Jiangsu 397.69 448.25 432.43 383.59 408.92 451.01 492.42 404.28 418.48 425.51

Zhejiang 375.51 447.38 481.58 508.01 518.93 546.70 611.55 544.61 588.96 631.12
Anhui 187.22 211.45 258.44 283.70 301.63 333.19 377.71 422.33 296.81 263.79
Jiangxi 127.24 136.95 152.59 160.74 170.43 185.89 193.09 194.29 203.21 210.12
Hubei 212.51 244.05 266.43 266.06 310.01 332.23 359.13 391.66 345.86 355.56
Hunan 248.14 273.65 280.99 309.67 324.01 364.84 386.40 372.09 400.75 413.22

Chongqing 101.40 126.72 148.04 171.44 194.54 222.35 301.85 326.77 330.32 373.88
Guizhou 97.26 106.75 116.98 131.84 151.41 182.86 211.44 216.37 235.24 253.84
Sichuan 361.61 409.09 420.98 489.11 417.78 617.18 670.18 791.43 779.79 867.73
Yunnan 195.04 213.67 196.62 212.37 210.25 231.69 245.68 255.63 305.21 288.76

Previous studies have shown that tourism is not a smokeless industry, and tourist activities
generated by tourism development and tourism industry activities that meet the needs of tourists will
increase energy consumption and carbon emissions, which results in environmental problems [28,42].
The United Nations World Tourism Organization has stated that carbon emissions from tourism
accounts for 4.9% of the total anthropogenic carbon emission in the world, and the impact of carbon
emissions is about 14% of the global greenhouse effect [43]. Wang Kai et al. verify that the economic
growth of tourism is at the cost of carbon emissions through Granger causality [32]. In terms of time,
the energy consumption and carbon emissions of tourism in the YREZ and its 11 provinces and cities
are, overall, increasing; in terms of space, the provinces and cities with a higher tourism economy
development level in the YREZ have a higher energy consumption and carbon emissions. These
indicate that the tourism economy development in the YREZ will inevitably increase tourism energy
consumption and carbon emissions, which is consistent with the findings of scholars at home and
abroad on tourism energy consumption and carbon emissions.
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Table 3. Number of tourists of the 11 provinces and cities in the Yangtze River. Economic Zone (Ten thousand person-time).

Province and Cities 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Shanghai 9684 10,210 11,006 12,361 22,432 23,079 25,094 25,991 26,818 27,569
Jiangsu 19,935.79 23,198.6 26,121.62 29,726.6 35,518.6 41,150.01 46,437.41 51,539.2 57,113.32 61,933.65

Zhejiang 16,149 19,100 20,900 24,410 29,500 34,295 39,124 43,439 47,875 52,532
Anhui 6159 7848.954 9938 12,268 15,349 22,534.75 29,229.09 33,601.09 37,898.8 44,404
Jiangxi 6000 6944 8023 9303.3 10,705 15,854 20,347 24,846 31,134.47 38,392.18
Hubei 8459.78 10,135 11,678 15,065.18 20,946 27,154.87 34,230 40,621.04 46,900 50,668.24
Hunan 9098 10,777 12,719 15,934 20,208.2 25,100 30,281.78 35,827.46 40,982.98 47,104.68

Chongqing 6787 8009 10,001.2 12,191 16,036.6 22,019.9 28,806.06 30,583.34 34,650.92 38,885.1
Guizhou 4716 6220 8151 10,400 12,863 16,961 21,331 26,684 32,049 37,535.92
Sichuan 16,581 18,570 17,456 21,922.1 27,141.3 34,977.8 43,451.77 48,696.5 53,549.69 58,500.63
Yunnan 7721 8986 10,250.1 12,022.9 13,837 16,331.8 19,630.28 23,972.35 28,116.49 32,343.95
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3.2. Analysis of Green Productivity of Tourism in the YREZ

First, the total energy consumption and carbon emissions of tourism in the 11 provinces and
cities in the YREZ can be obtained from Tables 1 and 2. Then, combined with the four indicators,
including the original cost of the fixed assets of tourism enterprises, employees of tourism enterprises,
operating income of tourism enterprises, and tax and surcharge of tourism enterprises (in Appendix A),
the MATLAB 7.0 software is used to calculate the overall value of the ML index of the GTFP for the
nine provinces and two municipalities in the YREZ from 2007 to 2015 (Figure 3). From Figure 3, we
can see that the green productivity of tourism in the YREZ shows a trend of growth and decline
alternately from 2007 to 2015. However, the ML index values of the green productivity of tourism are
all greater than 1, which means that the green productivity of tourism in the YREZ has maintained a
sustained growth trend in the past decade [44]. Specifically, in 2015, the green productivity of tourism
in the YREZ increased by more than 4.5% compared with 2007, indicating that the green economic
performance of tourism in the YREZ has been improved continuously. That is, tourism in the YREZ has
obtained better tourism output through lesser energy consumption and carbon emissions during this
decade. Green productivity can be decomposed into the EFFCH index and TECH index. The EFFCH
index refers to the catch-up degree of technology laggard reaching the best practice boundary, which is
called the “catch-up effect”, while the TECH index refers to the progress degree of the technological
frontier, and it is called the “growth effect” [45,46]. Using the MATLAB software for programming,
the above acquired ML index was decomposed into the EFFCH index and TECH index. Comparing
and analyzing the EFFCH index and TECH index of tourism in the YREZ over the past ten years, the
author finds that the EFFCH index and TECH index of tourism in the YREZ shows a fluctuating state,
and the two indexes showed a distinct differentiation state. The TECH index is greater than 1 and the
EFFCH index was mostly less than 1, indicating that, over the past ten years, the technology of tourism
in the YREZ has been constantly innovating and progressing. It has achieved a good “growth effect”,
while “technical efficiency” has declined, and the “catch-up effect” has weakened. The growth of the
green productivity of tourism in the YREZ is mainly due to the increases in technological progress
(Figure 3). Therefore, it can be inferred that, because the YREZ adheres to innovation and development,
and pays attention to technology investment and research, the efficiency of technological innovation
is improved continuously [47]. Technological progress continues to release the growth effect in the
process of constant accumulation, digestion, and absorption, while the technological efficiency does
not achieve the complete release of the catch-up effect under the squeeze of technological progress.
Therefore, technological progress gradually becomes the main driving force for the green growth of
tourism in the YREZ in the long run, and the catch-up effect of technological efficiency should continue
to be strengthened [44].Sustainability 2018, 10, x FOR PEER REVIEW  10 of 17 

 
Figure 3. The Malmquist-Luenberger (ML) index, efficiency improvement index (EFFCH index) and 
technological progress index (TECH index) in the Yangtze River Economic Zone from 2006 to 2015. 

Similar to the total index values of the 11 provinces and cities in the YREZ obtained above (based 
on Tables 1 and 2) and using the MATLAB 7.0 software for programming, the author can also obtain 
the means of the ML index, EFFCH index, and TECH index of tourism for each province and 
municipality in the YREZ from 2006 to 2015, as shown in Table 4. Table 1 shows that there are 
significant differences in the green productivities of tourism of the 11 provinces and cities in the 
YREZ. They are mainly divided into three types. The first type is the progressive type of tourism 
green development, that is, the average green productivity of tourism is greater than 1 and the overall 
green productivity of tourism is increasing [48]. It includes Shanghai, Anhui, Jiangxi, Hubei, Hunan, 
Chongqing, Yunnan, Sichuan. Jiangxi, Hunan, and Sichuan, which all have rapid green development, 
and the average growth rate of green productivity of tourism is 10.37, 8.045, and 6.87, respectively. 
Since the averages of their efficiency improvement indexes and technological progress indexes in 
Anhui, Jiangxi, Hunan, Chongqing, and Yunnan are greater than 1, the tourism green development 
in these provinces and city is mainly driven by both the “catch-up effect” and “growth effect”. The 
averages of the technological progress indexes in Shanghai, Sichuan, and Hubei are more than 1, and 
the efficiency improvement indexes are less than or equal to 1, indicating that the tourism green 
development in these provinces and city relies mainly on the “growth effect” brought about by 
technological progress, while the “catch-up effect”, brought about by efficiency improvement, is 
basically completed. The second type is the stagnant type of tourism green development, that is, the 
average green productivity of tourism is equal to 1, and the overall green productivity of tourism is 
invariant [48]. It includes the Jiangsu and Zhejiang provinces. The main reason for the stagnation of 
the green productivity of tourism of these two provinces is that the “catch-up effect” of tourism of 
the two provinces has been released completely, while the “growth effect” is not obvious. That is, the 
two provinces pay less attention to technological innovation and investment into tourism. The third 
type is the declining type of tourism green development; that is, the average green productivity of 
tourism is less than 1, and the overall green productivity of tourism is declining. In the YREZ, only 
the tourism development of the Guizhou Province is declining, and its tourism green productivity 
has decreased by 4.02%. Although Guizhou attaches importance to the efficiency improvement of 
tourism green development, it is limited by the concept of development, technological support, social 
economy, and other factors, so its technology innovation in tourism is lacking [48]. This negates the 
“catch-up effect” brought by efficiency progress. As a result, its tourism development is blocked. 
(Table 4). 
  

Figure 3. The Malmquist-Luenberger (ML) index, efficiency improvement index (EFFCH index) and
technological progress index (TECH index) in the Yangtze River Economic Zone from 2006 to 2015.



Sustainability 2018, 10, 2786 11 of 17

Similar to the total index values of the 11 provinces and cities in the YREZ obtained above (based
on Tables 1 and 2) and using the MATLAB 7.0 software for programming, the author can also obtain the
means of the ML index, EFFCH index, and TECH index of tourism for each province and municipality
in the YREZ from 2006 to 2015, as shown in Table 4. Table 1 shows that there are significant differences
in the green productivities of tourism of the 11 provinces and cities in the YREZ. They are mainly
divided into three types. The first type is the progressive type of tourism green development, that
is, the average green productivity of tourism is greater than 1 and the overall green productivity of
tourism is increasing [48]. It includes Shanghai, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Yunnan,
Sichuan. Jiangxi, Hunan, and Sichuan, which all have rapid green development, and the average
growth rate of green productivity of tourism is 10.37, 8.045, and 6.87, respectively. Since the averages
of their efficiency improvement indexes and technological progress indexes in Anhui, Jiangxi, Hunan,
Chongqing, and Yunnan are greater than 1, the tourism green development in these provinces and city
is mainly driven by both the “catch-up effect” and “growth effect”. The averages of the technological
progress indexes in Shanghai, Sichuan, and Hubei are more than 1, and the efficiency improvement
indexes are less than or equal to 1, indicating that the tourism green development in these provinces
and city relies mainly on the “growth effect” brought about by technological progress, while the
“catch-up effect”, brought about by efficiency improvement, is basically completed. The second type is
the stagnant type of tourism green development, that is, the average green productivity of tourism
is equal to 1, and the overall green productivity of tourism is invariant [48]. It includes the Jiangsu
and Zhejiang provinces. The main reason for the stagnation of the green productivity of tourism of
these two provinces is that the “catch-up effect” of tourism of the two provinces has been released
completely, while the “growth effect” is not obvious. That is, the two provinces pay less attention to
technological innovation and investment into tourism. The third type is the declining type of tourism
green development; that is, the average green productivity of tourism is less than 1, and the overall
green productivity of tourism is declining. In the YREZ, only the tourism development of the Guizhou
Province is declining, and its tourism green productivity has decreased by 4.02%. Although Guizhou
attaches importance to the efficiency improvement of tourism green development, it is limited by the
concept of development, technological support, social economy, and other factors, so its technology
innovation in tourism is lacking [48]. This negates the “catch-up effect” brought by efficiency progress.
As a result, its tourism development is blocked. (Table 4).

Table 4. Average of the ML index, EFFCH index, and TECH index of the 11 provinces and cities in the
Yangtze River Economic Zone.

Region ML MLEFFCH MLTECH

Shanghai 1.02 1.00 1.02
Jiangsu 1.00 1.00 1.00

Zhejiang 1.00 1.00 1.00
Anhui 1.04 1.01 1.06
Jiangxi 1.10 1.01 1.09
Hubei 1.02 1.00 1.02
Hunan 1.08 1.02 1.06

Chongqing 1.03 1.01 1.03
Guizhou 0.96 1.00 0.96
Sichuan 1.07 0.99 1.07
Yunnan 1.04 1.02 1.02

4. Conclusions and Discussion

4.1. Conclusions

Based on the evaluation of the energy consumption and carbon emissions of tourism in the YREZ
by using the bottom-up method, this paper adds the estimated carbon emissions of tourism to the
indicator system of tourism green productivity output as an undesired output, and then uses the
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Malmquist-Luenberger productivity index method to consider the non-expected output to measure
the green productivity of tourism in the YREZ from 2006 to 2015. The conclusions are as follows:
(1) The energy consumption and carbon emissions of tourism in the YREZ show a steady growth trend in
the past ten years, but the growth rate is lower than the speed of the tourism economic development; (2)
the energy consumption and carbon emissions of tourism of the 11 provinces and cities in the YREZ can be
divided into four gradients, among which Guizhou, Chongqing, and Yunnan have lower emissions, and
Shanghai always ranks first, which shows that the tourism economy development level and the energy
consumption of tourism are positively correlated with carbon emissions; (3) the green productivity of
tourism of the 11 provinces and cities in the YREZ can be divided into three types: The provinces and cities
that belong to the progressive type of tourism green development mostly driven by the “catch-up effect”
and “growth effect”; the stagnant type of tourism green development, such as Jiangsu and Zhejiang,
of which the technological innovation investment in tourism is insufficient; and the declining type of
tourism green development, such as Guizhou, of which the catch-up effect is weak and the growth
effect has not yet been completed; (4) the green productivity of tourism in the YREZ has maintained a
growing trend over the past ten years, which is mainly due to the growth effect brought by “technological
progress”, and the catch-up effect brought by “efficiency improvement” is not obvious. This conclusion is
basically consistent with the existing research results that the main driving force of green productivity in
the YREZ is technological progress [49,50]. Since the reform 40 years ago, the evolution characteristics
of the driving force of green productivity of tourism in the YREZ is still a key scientific issue worthy of
further study. Continuous in-depth study of this problem will help to the explore the regional economic
development model of the YREZ. Drawing on the relevant research results [1,51,52], we can infer that,
before 1990, the promotion of the green productivity of tourism in the YREZ was mainly based on the
“efficiency improvement” brought about by institutional reform and the expansion of the scale; from
1990 to 2005, the promotion of the green productivity of tourism in the YREZ was mainly due to the
“efficiency improvement” and “technological progress” brought about by the structural optimization and
technology introduction. Since 2006, the promotion of the green productivity of tourism in the YREZ
mainly depends on the “technological progress” brought by technology introduction and technological
innovation. However, from 1990 to 2005, studies on the promotion of the green productivity of tourism
in the YREZ are mostly qualitative and simple, and the dynamic mechanism of the promotion of the
green productivity of tourism is not accurately analyzed from the spatio-temporal dimension without the
application of a mathematical model.

4.2. Countermeasures and Suggestions

The tourism green development in the YREZ shows a good trend. In particular, the “growth
effect” brought about by technological progress has become the key core force to promote the tourism
green development in the region, which urges tourism as an important supporting industry to promote
the construction of ecological civilization in the region. However, there are still three shortcomings of
the tourism green development in the YREZ. First, the development power focuses on “technological
progress”, but the role of “efficiency improvement” lags; second, the green development of inter-regional
tourism is not balanced; and, third, the problems of tourism green development among different
provinces are quite different. In view of this, the following policy recommendations are put forward:
(1) Technological progress is key to improving energy efficiency and reducing carbon emissions.
Therefore, the YREZ should comprehensively promote the construction of “smart tourism”, accelerate
the development of green and low carbon tourism products with independent intellectual property by
introducing advanced technology at home and abroad, increasing the investment of scientific research
funds and promoting the transformation of tourism scientific and technological achievements, continue
to increase investment in scientific research funds, and promote the transformation of scientific and
technological achievements in tourism. In addition, tourism enterprises should be guided to adopt
green and clean production methods to realize technological progress and scientific and technological
innovation in tourism; (2) efficiency improvement is an important driving force for promoting tourism
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green development. The efficiency improvement index of the YREZ has been below 1 over the past 10
years, which indicates that the rationality of the tourism structure in the YREZ has not been effectively
improved. Therefore, the YREZ should be guided by the concept of global tourism and tourism based on
the creation of regional tourism industry clusters and cross-border integration of tourism and forestry,
industry, agriculture, and other industries. A focus on the development of a new, green, environmental
protection tourism industry that meets the “good needs of people’s living” is required; (3) strengthening
inter-regional cooperation is an important way to realize tourism green development. In view of the
large spatial differences in energy consumption, carbon emissions, and the green productivity of tourism
of the 11 provinces and cities in the YREZ, the YREZ should promote interregional cooperation and
technological exchanges between the upper, middle, and lower reaches of the zone, especially, by being
a leader and growth pole of the Yangtze River Delta, and promote the coordinated development of the
Triangle of Central China, Chengdu-Chongqing, and Yunnan-Guizhou areas through the diffusion effect,
for example, high-quality talents and advanced green technologies in the Yangtze River Delta flow to the
middle and upper reaches of the Yangtze River; and (4) it is an important consideration to improve the
green productivity of tourism by adopting different strategies based on their own comparative advantages.
The provinces that belong to the progressive type of tourism green development should pay attention
to both technological progress and efficiency improvement, continue to strengthen the technological
progress by innovation-driven methods, and promote efficiency improvement by optimizing the industrial
structure. The provinces that belong to the stagnant type of tourism green development (Zhejiang and
Jiangsu) should improve their green development efficiency by giving full use of their economic and
social location advantages, using advanced tourism energy technology in Shanghai and other regions as a
reference. The provinces that belong to the declining type of tourism green development should change
the traditional tourism development mode, and shift the focus of development to the track of introducing
advanced technologies to promote tourism green development.

4.3. Research Prospect

In this paper, the energy consumption and carbon emissions of tourism were added to the
measurement system of the green productivity of tourism, in which energy consumption is regarded
as the input variable and carbon emissions are regarded as the non-expected output. The measurement
of the green productivity of tourism in the YREZ is more scientific and reasonable. It provides a
new research idea for the measurement of TFP of tourism. In addition, it expands the research
scope of the green productivity of tourism, and realizes the transfer from the national and provincial
perspectives to the inter-basin economic region. However, due to the limited space, this paper has
not conducted an in-depth study on the factors affecting the green development efficiency of tourism,
and location transportation, consumption level, environmental regulation, resource endowment, and
technical conditions that are all important factors affecting the green development efficiency of tourism.
In addition, this study on the green productivity of tourism in the YREZ is limited to the span of
10 years from 2006 to 2015. The evolution characteristics of the driving force of the green productivity
of tourism have not been analyzed for a longer time span, which has influenced the research depth to
some extent. Therefore, it is necessary to conduct further study on the internal mechanism of the green
development efficiency of tourism by constructing the influence factor model of the green development
efficiency of tourism from different angles.
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Appendix A

Table A1. The data sources of the indicators.

Index Factor Unit Data Source

1 a passenger turnover of transportation (including railway, highway, water transport and aviation) 100 million passenger-km CSY, PSY
2 a number of room beds Bed CTSY
3 a room occupancy rate % CTSY
4 a number of tourism activities (including sightseeing, leisure vacation, visiting relatives and friends, business meetings and others) 10,000 Person-times TSSD
5 a original cost of fixed assets of tourism enterprises 1000 RMB CTSY
6 a employees of tourism enterprises Person CTSY
7 a operating income of tourism enterprises 1000 RMB CTSY
8 a tax and surcharge of tourism enterprises 1000 RMB CTSY
9 b energy consumption MJ CSY, PSY, CTSY, TSSD
10 b carbon emission Ton CSY, PSY, CTSY, TSSD

Note: a = data for these indicators can be directly obtained; b = data for these indicators need to be calculated; CSY = “China Statistical Yearbook, 2005–2016” [39]; CTSY = “China Tourism
Statistical Yearbook, 2005–2016” [40]; PSY = data from provincial statistical yearbook (11 provinces or cities); TSSD = Tourism Sampling Survey Data [41].
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