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a b s t r a c t

Climate change problems have become a worldwide concern. In response to containing global climate
change, there has been a proliferation of theories and policies aimed at driving tourism towards ‘low-
carbon tourism’. The problem becomes even greater if turning to cities. Constructing a low-carbon
tourism city requires a comprehensive understanding of urban low-carbon tourism development
rather than solely focusing on targets limited to CO2 emissions and energy reduction. However, much of
the focus of research to date has not been on this key issue. Here this study constructed indicators to
evaluate low-carbon tourism development in a tourism-based urban destination. A total of 33 indicators
were identified using the fuzzy Delphi method. Then, the weights of these indicators were determined
using the analytic network process. The evaluation model made it possible to convert the subjective
qualitative characteristics of low-carbon tourism, the implied mutual influences between the numerous
indicators, and development demands into integrated quantitative values to guide actual low-carbon
tourism development. The presented research process and results could provide a reference for rele-
vant policy making in tourism-based urban destinations worldwide.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Climate change problems have become a worldwide concern. A
low-carbon economy is an unavoidable choice for realizing sus-
tainable development (Yang and Li, 2018). In response to this
recognition, there has been a proliferation of theories and policies
aimed at driving tourism towards ‘low-carbon tourism’. The prob-
lem becomes even greater if turning to cities. Numerous urban
tourism destinations have been significantly affected by carbon
dioxide (CO2) emissions and the resulting climate policies (Cho
et al., 2016; Dwyer et al., 2013; Seetaram et al., 2018; Zhang and
Zhang, 2018). In this respect, low-carbon development in urban
tourist destinations e a key challenge and a substantial aspect of
low-carbon tourism strategies e has recently been acknowledged
as an essential pattern for improving the sustainability, liveability,
competitiveness and brand image of those destinations (Shen, Wu,
Wang, Lv and You, 2015; Xu et al., 2011).

Considering cities’ significance in palliating future energy con-
sumption and CO2 emissions, in 2010 the Chinese government
ilin, Guangxi, China.
.

selected five low-carbon pilot provinces and eight pilot cities to
promote low-carbon cities’ construction (Khanna et al., 2014).
Subsequently, the construction of low-carbon cities began to grow
vigorously (Su et al., 2013; Shen et al., 2018). Currently, almost all
urban tourism destinations have set targets for low-carbon devel-
opment. However, constructing a low-carbon tourism city requires
a comprehensive understanding of urban low-carbon tourism
development, as indicated by Hodson and Marvin (2010), Liu and
Qin (2016) and Tan et al. (2017), rather than solely focusing on
targets limited to CO2 emissions and energy reduction in those
destinations. In addition to CO2 emissions and energy consumption,
the construction of low-carbon cities must involve economic,
environmental and social aspects such as economic growth, water
quality, waste management, technology and policy indicated by Liu
and Qin (2016), Zhou et al. (2015) and Tan et al. (2017). It is thus
worthwhile to develop a reasonable indicator framework compe-
tent to assess the low-carbon level of tourism cities. Under the
premise that a development status cannot be determined under an
evaluation framework, the rationality and feasibility of any target
formulation are also doubtful. However, to our knowledge, much of
the focus of research to date has not been on these key issues. Given
this background, the main research question was put forward to
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drive this study as follows: how to evaluate the low-carbon
development of an urban tourism destination.

This study attempted to implement an evaluation model of
tourism-based urban destinations (TBUDs). It is hoped that this
model will be instrumental in guiding their low-carbon and, even,
sustainable management. Numerous scholars have conducted
extensive research on evaluation frameworks for low-carbon cities
(see section Literature review). However, those frameworks may be
seen as inappropriate for the purpose of evaluating the low-carbon
development of TBUDs. Given that almost all cities have some de-
gree of tourist attraction/s, in this sense, all cities can be considered
as tourist destinations. Thus, the concept of general urban tourism
destinations becomes extensive, meaning that there can be deemed
to be no significant difference between the low-carbon evaluation
of urban tourism destinations and cities in general. Yet, in the
context of TBUD, the tourism industry occupies a prominent pro-
portion of the economy, and most of these cities’ resources will be
arranged around the tourism industry. Hence, TBUDs’ low-carbon
development contains certain unique characteristics which
distinguish them from general urban destinations. Researching
how best to evaluate low-carbon development in TBUDs is thus a
distinct endeavor and embodies significant “tourism”

characteristics.
For addressing the aforesaid research question, this study aims

to analyze the following issues: 1) How to identify evaluation in-
dicators to assess a TBUD’s level of low-carbon development. 2)
How should these evaluation indicators be weighted? 3) What is
the level of low-carbon tourism development? By engaging with
these aims, the main contribution of this paper is the imple-
mentation of a system of evaluation indicators and weightings to
assess a TBUD’s low-carbon development employing a combination
of qualitative and quantitative fuzzy Delphi method (FDM) and
analytic network process (ANP) approaches, so as to meet the
multi-level, multi-objective characteristics of a TBUD evaluation
index. This reminder of this paper includes section two presenting
the literature review, section three outlining the theoretical
framework for evaluating low-carbon tourism, section four pre-
senting the results, section five providing a case study, and section
six providing the conclusions.

2. Literature review

As highlighted in numerous studies, low-carbon tourism is
highly relevant to low-carbon economies, sustainability, and
tourism (G€ossling et al., 2007; Lee and Brahmasrene, 2013; He et al.,
2018). Having a low-carbon city has been consistently linked with
the ultimate goal of sustainability (Tan et al., 2017). Therefore, this
section reviews evaluations of city sustainability, low-carbon cities,
and a city’s tourism sustainability. This section also reviews studies
on the evaluation of low-carbon tourism, so as to provide a refer-
ence framework for constructing low-carbon evaluation indicators
for TBUDs.

2.1. Evaluation of city sustainability

Camagni et al. (1998) andWhitehead (2003) argued that the aim
of urban sustainable development is to coordinate the economic
environment, social environment and physical environment (or the
so-called ecological environment). Mori and Christodoulou (2012)
also indicated that a sustainable city is a synchronous social, eco-
nomic and political construct. Regarding the evaluation of sus-
tainable cities, index setting has always been a dominant paradigm.
Gagliardi, Roscia, and Lazaroiu (2007) evaluated indicators affecting
urban sustainable development based on the four criteria of the
economy, environment, energy and urban planning. Chang and
2

Dong (2016) evaluated the sustainable development level of
resources-based cities, constructing indicators with respect to
economic and social factors, resources, and the environment. In
addition to the common economic and environmental indicators,
Zinatizadeh et al. (2017) identified numerous social indicators
measured through the per capita occupancy of public facilities. The
authors also assert that urban sustainable development is ulti-
mately a balancing act between economic, environmental and so-
cial issues.

Likewise, Braulio-Gonzalo, Bovea, and Ru�a (2015), Ghalib et al.
(2017), Oregi et al. (2016) and Shen, Zhou, Skitmore, and Xia
(2015) respectively identified varieties of evaluation indicators in
terms of environmental, economic and social development, in or-
der to assess the progress of urban sustainability strategies.
Furthermore, Hara et al. (2016) established a smart evaluation in-
dicator system based on sustainability. The latter study highlights
the importance of information technology within an economic-
environmental-social framework. Additionally, Theodoridou et al.
(2012) indicated the importance of energy consumption/planning
and energy conservation measures in building a sustainable city;
Tian et al. (2018) and Yang et al. (2018) highlighted the importance
of CO2 emissions in the city-level sustainability. Prior research in-
dicates that evaluation indicators of city sustainability are clearly
classified among the economic-environmental-social framework.
Meanwhile, low-carbon environment (i.e. CO2 emissions reduction
and energy conservation) construction has become a key construct
of city sustainability.

2.2. Evaluating the low-carbon city

Compared with sustainable cities, the concept of the ‘low-car-
bon city’ a term that was later introduced in the literature. There are
a variety of terms used effectively as synonyms for low-carbon city
such as eco-city, smart city, carbon neutral city and zero carbon city
(Tan et al., 2017). The concept of the low-carbon city has been well
defined by Hodson and Marvin (2010): as a system with resource
and energy security constraints where decision makers set their
targets from the perspective of achieving low carbon. Likewise, Liu
and Qin (2016) argued that the aim of building a low-carbon city is
to reduce CO2 emissions and improve the environment, both of
which require the cooperation of numerous social and govern-
mental sectors. Thus, similar to a sustainability assessment, an
evaluation of the low-carbon city also involves economic, envi-
ronmental and social indicators.

China’s Low-carbon Economy Media Federation (CLEMF) (2011)
issued the publication, Evaluation System for China’s Low-carbon
Cities, which included indicators with respect to planning,
communication, products, new energy utilization, green coverage
rate, low-carbon travel, buildings, air quality, CO2 emissions
reduction behavior, and public attitudes. This provided a relatively
systematic definition of China’s low-carbon city and has become a
benchmark for low-carbon development in many cities. Following
this, the Lawrence Berkeley National Laboratory (LBNL) imple-
mented several evaluation indicators to low-carbon eco-cities by
adding in the concept of ecology to that of low-carbon, ultimately
constructing 33 indicators (Zhou et al., 2012). Subsequently, Zhou
et al. (2015) provided benchmarks for LBNL’s indicators, as well
as a detailed guide on tool applications.

Additional examples include the following: Yang and Li (2018),
who set 14 indicators to evaluate the level of low-carbon, urban
economic development; Zhou et al. (2015), who used the driving
forces-pressures-state-impacts-responses causal-effect framework
to investigate the low-carbon city, particularly highlighting the
importance of technical and policy responses to reduce emissions
pressures; Tan et al. (2017), who constructed indicators from the
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perspectives of the economy, the environment (including energy
patterns, carbon and environment, solid waste and water), and
society (including factors related to urban living and mobility).
Other evaluations of low-carbon city planning (Khanna et al., 2014),
low-carbon city management (Wang et al., 2015), and low-carbon
urban competitiveness (Guo et al., 2018), were also examined
from these three perspectives.

In addition to the latter holistic evaluation, other studies have,
respectively, focused on energy policy making (Phdungsilp, 2010;
Chen and Zhu, 2013), policy implementation (Lo, 2014), low-carbon
planning (Liu and Qin, 2016), transport policy (Trappey et al., 2012),
technology and climate legislation (Tsai and Chang, 2015), and low-
carbon industrial park (Fang et al., 2017) in the context of devel-
oping the low-carbon city.

2.3. Evaluating urban tourism sustainability

Assessing the sustainability of tourism destinations has always
been a key element of sustainable tourism research (Tseng et al.,
2018). Given that they are major destinations, evaluations of ur-
ban tourism destinations have also commanded a great deal of the
academic community’s efforts. For example, Savage et al. (2004)
argued that taking a holistic view is conducive to gauging the
sustainability of urban tourism development, which consists of
environmental, economic, social and cultural sustainability. Lee,
Huang, and Yeh (2010) pointed out that achieving long-term sus-
tainability requires ensuring the sustainable use of the ecological
environment, increasing the reliability of destination corridors, and
improving the quality of tourism services. P�erez et al. (2016) con-
structed a set of indicators (11 social, 14 economic and 14 envi-
ronmental) to measure the sustainability of urban tourism. Unlike
the traditional static evaluation, Blancas et al. (2016) built a dy-
namic evaluation index through a goal planning approach,
composed of a total of 85 indicators, namely 29 social indicators, 36
economic indicators, and 20 environmental indicators. In addition,
Ben-Dalia et al. (2013) evaluated a city’s tourism product and the
relevant macro environment, while Zamfir and Corbos (2015) dis-
closed some key success factors for achieving sustainable tourism
development in urban areas.

2.4. Evaluating low-carbon tourism

Cheng et al. (2013) established a system of indicators to evaluate
the low-carbon development of tourist attractions. Although there
are significant differences between tourist attractions and urban
tourism destinations, the dimensions of the eco-environment,
tourist facilities, management system and participant attitudes
harnessed by Cheng et al. (2013) could still provide an adequate
indicator framework for evaluating the low-carbon development of
a TBUD. With respect to urban tourism destinations, Yao et al.
(2014) evaluated the degree of urban low-carbon industrializa-
tion. It is noteworthy that the authors proposed indicators focusing
not on CO2 emissions and energy consumption, but on traditional
environmental indicators such as solid waste, exhaust gas and
sewage. Cho et al. (2016) constructed 53 indicators to evaluate the
level of Yilan County’s low-carbon tourism development from six
perspectives. Zhang (2017) evaluated regional low-carbon tourism
strategies. The limitations of the latter research lie in that,
compared with the evaluation of low-carbon and sustainable
tourism cities, the system of indicators is not comprehensive
enough. Juvan and Dolnicar (2016) highlighted the importance of
transportation related greenhouse gas emissions for measuring the
environmentally sustainable tourist behavior. In addition, Hsiao
(2016) investigated the low-carbon evaluation index with regard
to travel agencies’ products.
3

Other scholars have analyzed the low-carbon tourism system,
such as the low-carbon tourist attractions system (Luo et al., 2014)
and the low-carbon urban tourism system (He et al., 2018; Xu et al.,
2011). Despite the simulation rather than evaluation in these
studies, all of the latter low-carbon tourism systems refer to the key
elements or variables affecting low-carbon tourism development.
These elements or variables can be converted into corresponding
evaluation indicators in the context of evaluating low-carbon
tourism. These low-carbon tourism systems consist of three sub-
systems: the economic subsystem, the environmental subsystem
and the social subsystem.

3. Theoretical framework for evaluating low-carbon tourism

The proposed evaluation framework to be applied to TBUDs
(Fig. 1) is presented in four parts, as follows:

C Evaluation dimensions
C Evaluation indicators
C Interdependence between evaluation indicators
C Weights of evaluation indicators
3.1. Evaluation dimensions of low-carbon tourism in an urban
tourist destination

When collating viewpoints in the literature review, all the
evaluation indicators of low-carbon development essentially distil
into economic, environmental and social aspects. Therefore, the
current study also takes as its starting point that the low-carbon
evaluation indicators for TBUDs consist of three subsystems;
namely, the low-carbon economic subsystem, low-carbon envi-
ronmental subsystem and low-carbon social subsystem, as
demonstrated in Fig.1. The process of evaluating the current TBUD’s
low-carbon framework involves the researchers’ interpretations
and an understanding of low-carbon development.

In the context of a low-carbon economic subsystem, first, this
study measured the low-carbon tourism product, which includes
catering, accommodation, transport, sightseeing and shopping.
Low-carbon input measures tourism enterprises’ business philos-
ophies against a low-carbon background. The CO2 emissions and
energy consumption growth, along with the rapid growth of
tourism, can be seen as not conducive to the construction of a low-
carbon tourism destination (Zhang, 2017). Therefore, with respect
to tourism development, evaluation indicators need to include the
static tourism scale and dynamic tourism changes. Fig. 1 illustrates
that a low-carbon environmental subsystem includes a low-carbon
environment, an ecological environment and low-carbon facilities.
The indicators involved in a low-carbon environment should be
closely related to low-carbon such as CO2 emissions, energy con-
sumption and carbon sink. The ecological environment is consis-
tently a critical factor in the evaluation of low-carbon development
or sustainable development. The notion of low-carbon facilities is
used to measure the low-carbon input (except for tourism enter-
prises) of a tourist destination. The notion of a low-carbon social
subsystem reflects the humanistic environment in which low-
carbon tourism is developed. As revealed by numerous studies
mentioned in the literature review, low-carbon planning, legisla-
tion, technology, communication and literacy are all the facilitators
of low-carbon tourism development.

3.2. Identifying the evaluation indicators through FDM

The Delphi method is widely used in selecting evaluation in-
dicators (e.g. Cho et al., 2016; Cheng et al., 2013). Accordingly, this



Fig. 1. Theoretical framework for evaluating low-carbon tourism in a TBUD.

Table 1
Fuzzy evaluation scale.
Step ⅲ. The final fuzzy weight Sn of un is defuzzified using Eq. (2), a simple arithmetic
average methodw.

Sn ¼an þ bn þ gn
3

(2)

Step ⅳ. Extract critical evaluation indicators from U. Set the threshold value r; if
Sn � r, select indicator n; if Sn < r, eliminate indicator n. Generally, this study
determined the threshold value subjectively according to requirements (Kuo and
Chen, 2008). If fewer indicators are required, ris determined as a larger value while,
conversely, ris determined as a smaller one (Zhang, 2017).

Fuzzy scale Evaluation fuzzy set Triangular fuzzy numbers (a,b,c)

~9 Extremely important (7,9,9)
~7 Very important (5,7,9)
~5 Important (3,5,7)
~3 Somewhat important (1,3,5)
~1 Not important (1,1,3)
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study also adopted a Delphi approach to identify the evaluation
indicators for the low-carbon tourism development of a TBUD.
However, in order to overcome the shortcomings of the traditional
Delphi method, such as nondeterminacy, ambiguity and time-
consuming features (Wang et al., 2010, 2013; Zhang, 2017), this
study adopted the FDM, which was developed by Murray et al.
(1985), based on fuzzy theory. As asserted by Murray et al. (1985)
and Zhang (2017), the FDM has two main advantages: (1) the
FDM comprehensively take into account the uncertainty and am-
biguity of the subjective thinking of experts, so that the opinion of
every expert can be fully involved in the decision-making. There-
fore, the results obtained are objective and reasonable. (2) The final
decision can be made through only a round of FDM-based surveys
so that the several rounds of survey employed in the traditional
Delphi method can be avoided. This thus reduces the research time
and costs. The FDM procedure was as follows:

Step ⅰ. Collect all n possible evaluation indicators based on the
above literature review and experts’ judgments: U ¼ ðu1;u2;/;

unÞ.
Step ⅱ. Collect the estimated score of each indicator un from all
the m experts according to the triangular fuzzy number (Zhang,
2017), as shown in Table 1. Each expert’s judgment of each
4

indicator is obtained using the semantic variables in a ques-
tionnaire. The score of un given by the ith expert is denoted as
uin ¼ ðain; bin; cinÞ, i ¼ 1;2;/;m. Concretely, the score of each
expert on each indicator is a set of numbers, so that the decision
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of each expert is better fault tolerant. For example, if one expert
judges that indicator C1 is very important, he or she can score (7,
7, and 9) instead of traditionally scoring 7 or 8 or 9 using the
Delphi method. The fuzzy weight of the nthindicator is defined
as:

un ¼ðan;bn;gnÞ; (1)

wherean ¼ minðainÞbn ¼ 1
m
Pm

i¼1bin, gn ¼ maxðcinÞ.
A total of 11 experts in the fields of low-carbon tourism man-

agement were invited to participate. For ensuring credibility to the
FDM results, all the selected experts are knowledgeable in the
research field of low-carbon city (three experts), low-carbon
tourism (five experts) and sustainable development (three ex-
perts). In addition, the panel of experts is internationalized within
which there are five Chinese, two Australians and four Europeans.
The FDMwas then applied to obtain the final evaluation indicators.

3.3. Weighting the evaluation indicators using the analytic network
process

The analytic network process (ANP) was proposed by Saaty
(1996). This enables interdependence or feedback in a network
system and replaces hierarchies with networks, and is the gener-
alization of the analytic hierarchy process (AHP). Inevitably, there
exists a large amount of interdependence between numerous
evaluation indicators (Zhang, 2017); thus, there is a certain limi-
tation in determining the weight of each indicator using the
traditional AHP method. This study obtained the weights of the
evaluation indicators through the ANP method. Since the detailed
ANP process can be found in Saaty (1996) or numerous relevant
studies, such as Wang et al. (2010), Zhang (2016) and Zhang (2017),
the current study does not cover this in detail but gives a simple
description. The ANP process consists of first, building the ANP
network model, second, establishing all the pair-wise comparison
matrices, third, determining the unweighted super-matrix, fourth,
calculating the weighted super-matrix, and finally, obtaining the
limit super-matrix. After the evaluation indicators were obtained, a
face-to-face survey was conducted to collect experts’ opinions on
the relative importance of these indicators. The selected experts
were asked to use Saaty’s 1e9 scale to compare any pair of in-
dicators. Finally, all the pair-wise comparison matrices were ob-
tained by calculating the mean of each expert’s decision.

4. Results

4.1. Evaluation indicators

By referring to previous studies, this study obtained the possible
evaluation indicators (see Table S1 in the online supplementary
material). Then the FDM is applied to identify the final indicators,
which can also be found in Table S1. It is noteworthy that the expert
group was given the right to set indicators in addition to the in-
dicators we provided. However, they all agreed on our initial in-
dicators and made a selection within the scope of these indicators.
In the current study, the threshold value rwas subjectively set as 5
because first, enough indicators should be obtained. As shown in
Table S1, the value 5 is a good threshold. second, the importance of
these indicators should be simultaneously guaranteed because the
value 5 indicates “important” as shown in Table 1. The final list of 33
evaluation indicators derived through the FDM and their units and
references are shown in Table 2.

In order to ensure the robustness of evaluation results, this
study additionally performed a sensitivity test for threshold r by
setting it to 3 and 2, respectively. When the threshold is 2, all initial
5

indicators are included. Then the ANP method was used to
respectively calculate the weight of the indicators in these two
cases, and the results are shown in Table S2 in the online supple-
mentary material. Table S2 shows that the weights of the newly
added indicators are very small, thus their impact on low-carbon
tourism in a TBUD can be ignored. Therefore, the selected in-
dicators and their corresponding weights are robust.

4.2. Interdependence between evaluation indicators

In the FDMwork, only the evaluation indicators were identified.
However, before weighting the evaluation indicators in the ANP
process, the interdependence between economy, environment and
society as asserted by (Zhang, 2017) must be considered. For
example, the ratio of investment in low-carbon (C7) has, of course,
negative impacts on tourism carbon intensity (C11) and tourism
carbon footprint (C12) and positive impacts on water-saving tech-
nology adoption (C23) and low-carbon guiding signs (C24) (Cheng
et al., 2013). Besides, low-carbon policy & legislation (C31) and
special plans for low-carbon tourism (C32) theoretically influence
each other (Zhang, 2017). Therefore, there is substantial interde-
pendence between the total 33 evaluation indicators in Table 2. This
study investigated the interdependence through expert team sur-
veys using a two-dimensional table (see Table S3). The experts were
required to identify the interdependence between different eval-
uation indicators. For example, it is well known that green hotel
construction is conducive to reducing tourism-related CO2 emis-
sions (Zhang, 2017); therefore, the interdependence between C1
and C12 could be determined. Likewise, there is the interdepen-
dence between C1 and C11. The interdependence that was found is
shown in Table S3 in the online supplementary material.

4.3. ANP process

Fig. 2 illustrates the ANP network model for assessing the
development level of low-carbon tourism in a TBUD according to
Table S3. Here all the arrows indicate the interdependence between
different indicators. The ANP model was written using the decision
tool, Super Decisions. Fig. 2 actually illustrates the results that are
detailed in Table S3. There are 299 pair-wise comparison matrices in
the proposed ANP model, with all matrices having passed the con-
sistency test (inconsistency<0.1) (see Table S4 in the online sup-
plementary material). The maximum inconsistency of all the pair-
wise comparison matrices was 0.0909. All the priorities of the 33
indicators as well as the low-carbon tourism economy, low-carbon
tourism environment and low-carbon tourism society were calcu-
lated, and form the initial super-matrix (unweighted super-matrix),
as shown in Table S5 in the online supplementary material.
Following this, this study transformed the initial super-matrix into a
weighted super-matrix and raised the weighted super-matrix to
have limiting powers, in order to obtain the limit super-matrix, in
which all the relationships converged. Through this process, this
study eventually obtained the integrated weights of all of the eval-
uation indicators. The results are presented in Table 2.

Columns 5 and 6 of Table 2 respectively show the integrated
weights and integrated ranking of all of the evaluation indicators.
Table 2 shows that the monitoring system of ecological environ-
ment (C21) has the highest weight (0.0968), followed by the air
pollution index (C16) (0.0781), surface water quality (C17) (0.0666),
and proportion of low-carbon transport (C5) (0.0632). The ranking
of the indicators shows that in the low-carbon tourism develop-
ment in a TBUD, prevention (environmental monitoring) is more
important than governance (e.g. trash management (C19) (0.0280),
and sewage treatment (C20) (0.0465)). This highlights the impor-
tance of preventing problems before they happen rather than



Table 2
Evaluation indicators for low-carbon urban tourism.

Dimensions (weights) Second-level
indicators (weights)

Third-level indicators References Unit Integrated
weights

Weights Ranking

Low-carbon tourism
economy (A1)
(0.2725)

Low-carbon tourism
product supply (B1)
(0.1697)

Proportion of green hotel
(C1)

Zhang (2017) % 0.0349 11

Proportion of green
catering enterprise (C2)

Zhang (2017) % 0.0121 25

Proportion of green
building (C3)

CLEMF (2011) % 0.0200 20

Low-carbon shopping
(C4)

Expert interviews % of simple packing and
degradable packaging bag

0.0106 28

Proportion of Low-carbon
transport (C5)

CLEMF (2011), Zhang (2017) % 0.0632 4

Proportion of low-carbon
tourism attractions (C6)

Expert interviews % 0.0289 14

Low-carbon input (B2)
(0.0633)

Ratio of investment in
low-carbon (C7)

Cheng et al. (2013) % 0.0426 10

Low-carbon marketing
(C8)

Expert interviews % of network marketing
expenditure

0.0207 18

Tourism Development
(B3) (0.0395)

Tourist growth rate (C9) Expert interviews % of tourist volume growth 0.0317 12
Tourism congestion
index (C10)

Expert interviews Ratio of tourist volume to
population

0.0078 30

Low-carbon tourism
environment (A2)
(0.6086)

Low-carbon
environment (B4)
(0.1929)

Tourism carbon intensity
(C11)

Xu et al. (2011), Zhou et al. (2015), Zhang
(2017)

Ton CO2/1000 USD tourism
revenue

0.0620 5

Tourism carbon footprint
(C12)

Expert interviews Ton CO2/thousand visitor days 0.0448 7

Renewable energy usage
(C13)

CLEMF (2011), Cheng et al. (2013), Chen
and Zhu (2013), Zhou et al. (2015), Tan
et al. (2017)

% of total renewable energy
usage

0.0437 9

Tourism energy intensity
(C14)

Guo et al. (2018), Chen and Zhu (2013) 103MJ/1000 USD tourism
revenue

0.0243 17

Ratio of green space (C15) CLEMF (2011), Cheng et al. (2013), Guo
et al. (2018), Y. He et al. (2018), Yao et al.
(2014)

% 0.0181 21

Ecological
environment (B5)
(0.3310)

Air pollution index (C16)
85.75%

Zhou et al. (2015), CLEMF (2011), Zhang
(2017)

percentage of total days with
excellent1 air quality per year

0.0781 2

Surface water quality
(C17)

Cheng et al. (2013), Zhou et al. (2015),
Zhang (2017)

Percentage of total surface
water meeting Chinese Grade III
or above

0.0666 3

Noise pollution level
(C18)

Guo et al. (2018) Ratio of average nose value
meeting Chinese Level II

0.0150 22

Trash management (C19) Yao et al. (2014), Chang, and Dong (2016),
Zhang (2017), Tan et al. (2017)

% of total trash 0.0280 15

Sewage treatment (C20) Zhou et al. (2015), Yao et al. (2014), Chang,
and Dong (2016), Zhang (2017), Tan et al.
(2017)

% of total sewage 0.0465 6

Monitoring system of
ecological environment
(C21)

Cheng et al. (2013), Gagliardi et al. (2007) Percentage of working
environmental monitoring
stations per year

0.0968 1

Low-carbon facilities
(B6) (0.0847)

Public infrastructure
construction for low-
carbon (C22)

Luo et al. (2014), Zinatizadeh et al. (2017) % of investment of GDP 0.0444 8

Water-saving technology
adoption (C23)

Zhou et al. (2015), Zhang (2017) % of recycled water use 0.0207 19

Low-carbon guiding signs
(C24)

Cheng et al. (2013) % of signs coverage in
destination

0.0077 31

Usage of low-carbon
materials (C25)

Cheng et al. (2013) % of energy-saving and
environmental-protecting
materials

0.0119 26

Low-carbon tourism
society (A3)
(0.1192)

Low-carbon idea (B7)
(0.0662)

Education of low-carbon
environment (C26)

Cheng et al. (2013), Zhang (2017) 0-100 scores 0.0272 16

Communication of low-
carbon (C27)

CLEMF (2011), 0-100 scores 0.0144 23

Carbon literacy of
residents (C28)

Cheng et al. (2013), Expert interviews 0-100 scores 0.0052 33

Carbon literacy of tourists
(C29)

Cheng et al. (2013), Expert interviews 0-100 scores 0.0075 32

Carbon literacy of
tourism enterprises (C30)

Cheng et al. (2013), Horng et al. (2013) 0-100 scores 0.0119 27

Low-carbon
management (B8)
(0.0530)

Low-carbon policy &
legislation (C31)

Wang et al. (2015), Zhang (2017), Lo
(2014), Liu and Qin (2016)

0-100 scores 0.0316 13

Special plans for low-
carbon tourism (C32)

CLEMF (2011), Cheng et al. (2013), Zhou
et al. (2015), Zhang (2017)

0-100 scores 0.0131 24

Tsai and Chang (2015) 0-100 scores 0.0083 29
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Table 2 (continued )

Dimensions (weights) Second-level
indicators (weights)

Third-level indicators References Unit Integrated
weights

Weights Ranking

Low-carbon technology
(C33)

Note: 1 “Excellent” means that the PM2.5 (i.e., particulate matter< 2.5 mm in diameter) index is less than 50.

Fig. 2. ANP network model for evaluating low-carbon tourism.
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governance after pollution has already occurred (Zhang, 2017). The
relatively high weight of the air quality index highlights the
importance attached by experts to air quality. Similarly, surface
water quality is also assigned a higher weight. The weights allo-
cated to trash management (0.0280) and sewage treatment
(0.0465) are higher than those of the majority of indicators. All of
these weights indicate that the panel of experts is concerned with
the fact that TBUD’s natural environmentmay be endangered in the
process of low-carbon tourism development. Transport, the
important component CO2 emissions in tourist destinations is, of
course, attached to a higher weight.
7

As simultaneously shown in Table 2, the average weight of the
indicators involved in a low-carbon society is lower than that in a
low-carbon economy and low-carbon environment. It would
appear that the development of low-carbon tourism should be
more driven by the government, as reflected in the relatively high
weights of economic and environmental indicators. In this context,
and at the current stage of development, social indicators cannot
work significantly. That is to say, most of the social indicators are
not a priority for the development of low-carbon tourism in a
TBUD. However, considering the functional mechanism of the so-
cial indicators themselves (whether the popularization of
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education, dissemination of ideas or improvement of literacy,
which are all long-term processes), in the long run, these social
indicators are expected to have more positive impacts on TBUD’s
low-carbon tourism development. With respect to the eight in-
dicators pertaining to a low-carbon society, education of low-
carbon environment (C26) (0.0272) possesses the highest weight,
ranking 16th out of all 33 evaluation indicators, while residents’
carbon literacy (C28) (0.0052) and the carbon literacy of tourists
(C29) (0.0075) rank last. Therefore, in terms of the current hu-
manistic environment in which low-carbon tourism is being
developed, the experts consulted preferred to acknowledge the role
of low-carbon education.

5. Case studies

5.1. Study area

This study takes Lhasa and Guilin in China as the case study
regions. Lhasa is a city with the ambition of becoming an important
world tourism center (Zhang, 2017). Lhasa has vigorously promoted
its image as a clean energy ‘demonstration city’ and build a low-
carbon tourism city as soon as possible. Guilin is a China’s Sus-
tainable Development Agenda Innovation Demonstration Area, the
National Tourism Innovation and Development Pioneer Zone, the
Demonstration Area Built as a World-Class Tourism Destination,
and is also the permanent host of the UNWTO (United Nations
World Tourism Organization)/APTA (Asia Pacific Tourism Associa-
tion) International Forum on Tourism Trends and Prospects. Both
Lhasa and Guilin are the representative TBUDs. Given that Lhasa’s
tourism activities and the resulting CO2 emissions and energy
consumption are concentrated in the urban area, where tourist
reception accounted for 92.7% of Lhasa’s total reception in 2016
according to Lhasa Tourism Development Commission, this study
selected the urban area of Lhasa, namely Chengguan District, Doi-
lungdeqen District and Dagze District, and Guilin to explore the
evaluation of low-carbon development in the typical TBUDs.

5.2. Evaluation results and policy implications

In order to directly score every evaluation indicator in Table 2,
this study applied the benchmarks to the selected 33 final in-
dicators; see columns 2, 3, 5 and 6 of Table 3. Columns 2 and 5
represent the benchmark values and columns 3 and 6 indicate the
source. Out of all 33 indicators, the tourist growth rate (C9), tourism
congestion index (C10), tourism carbon intensity (C11), tourism
carbon footprint (C12), and tourism energy intensity (C14) were
negative.

Additional opinions of the 11 experts had been used to evaluate
the progress of Lhasa and Guilin in each indicator to obtain the
normalized scores. Each indicator was divided into four levels: poor
low-carbon tourism development, moderate low-carbon tourism
development, good low-carbon tourism development, and excel-
lent low-carbon tourism development. Referring to the chosen
benchmark values, the normalized score presented by the experts
associated with the respective levels are as follows: [0, 0.25), [0.25,
0.5), [0.5,0.75), [0.75,1]. The final normalized score for each indi-
cator was set to be the average of the 11 experts’ judgments.

All the original scores, normalized score and data source of the
33 evaluation indicators can be seen in Table S6 in the online
supplementary material.

For measuring the development level of low-carbon tourism in
Lhasa’s urban area, this study referred to Cheng et al. (2013) to
divide the development of low-carbon urban destinations into four
levels: excellent low-carbon tourism development, relatively good
low-carbon tourism development, insufficient low-carbon tourism
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development, and poor low-carbon tourism development. These
levels of development respectively correlate with the maturity
stage, development stage, involvement stage, and exploration
stage, as proposed by Cho et al. (2016). These four levels were found
to be successively in line with the composite scores range (0.85, 1],
(0.7, 0.85], (0.5, 0.7], and (0, 0.5].

Supposing that the composite score of low-carbon tourism
development is G, the weight of the nth evaluation indicator is Wn

and the final score of the nth evaluation indicator is Fn, then

G¼
X33

n¼1

WnFn (3)

Using the data collection method for each indicator given in
Table 3, this study obtained the raw data pertaining to each indi-
cator in 2016. Following this, the normalized scores of all the in-
dicators (see Table S6) were calculated based on the 11 experts’
judgments. Eventually, the composite scores of the level of low-
carbon tourism development in Lhasa and Guilin were obtained
using Eq. (3). The results are shown in columns 4 and 7 of Table 3.

The composite score 0.6375 of Lhasa and 0.7510 of Guilin were
finally obtained, respectively. These figures mean that the current
level of development of Lhasa’s low-carbon tourism is insufficient,
or is at the involvement stage, while Guilin’s low-carbon tourism is
good. Concretely speaking, Lhasa’s “eco-environment has started
gaining attention, as has low-carbon tourism. An active trans-
formation towards a green economy is publicly gaining momentum”

(Cho et al., 2016). Table S6 indicates that the six indicators with
respect to the ecological environment had higher normalized
scores. Specifically, the noise pollution level (C18) (1) and the
monitoring system of ecological environment (C21) (1) emerged as
having the highest scores. It is noteworthy that Lhasa’s official
position has always been as an ecotourism focused city geograph-
ically located on a plateau, with its ecological environment being
relatively fragile (Zhang et al., 2015); thus, the ecological environ-
ment has always been a key focus of Lhasa’s urban development.
However, this study found the performance of some of the in-
dicators closely related to CO2 emissions to be generally poor.
Specially, the normalized score with respect to the ratio of invest-
ment in low-carbon was only 0.09, the proportion of green hotels
(C1) was 0.28, the proportion of green catering enterprises (C2) was
0.13, and the proportion of low-carbon tourism attractions (C6) was
0.25.

Although the tourism carbon intensity (C11) (0.81), tourism
carbon footprint (C12) (0.69) and tourism energy intensity (C14)
(0.70) showed a relatively good performance, there is still a big
gap evident (26.11%, 24.43% and 25.90% gap, respectively) between
the current values and 2020 target values. Bridging this gap may
generate huge economic costs, especially given estimates that a
20% or 30% carbon emissions reduction in China would lead to a
6.11% or 14.86% fall in nominal GDP, respectively (Guo et al., 2014).
Lhasa’s urban area is also sure to encounter this kind of problem.
As such, it will be very difficult to achieve the carbon intensity
target by 2020. The same difficulty will be involved in tourism
carbon footprint and energy intensity. In addition, the normalized
scores of those indicators in terms of low-carbon facilities, low-
carbon ideas and low-carbon management, which are conducive
to the improvement of low-carbon tourism development, are far
lower than those of indicators with respect to the ecological
environment. Therefore, the level of Lhasa’s low-carbon tourism
development seems extremely poor if limiting the evaluation in-
dicators to pure “low-carbon” criteria. More efforts should thus be
made in all aspects of developing low-carbon tourism in Lhasa’s
urban area.



Table 3
Benchmarks of evaluation indicators and evaluation results.

Indicators Lhasa Guilin Properties

Benchmark Final
scores

Benchmark Final
scores

Value Source Value Source

Proportion of green hotel1(C1) 100% Expert team decision 0.0098 100% Expert team decision 0.0171 Positive
Proportion of green

catering enterprise (C2)
100% Expert team decision 0.0016 100% Expert team decision 0.0042 Positive

Proportion of green building2 (C3) 40% Lhasa Energy Development Plan,
2020 target

0.0034 60% The 13th Five-year Plan for Energy Development
in Guilin, 2020 target

0.0110 Positive

Low-carbon shopping (C4) 100% Expert team decision 0.0086 100% Expert team decision 0.0074 Positive
Proportion of Low-carbon transport

(C5)
90% Lhasa Energy Development Plan,

2020 target
0.0228 95% The 13th Five-year Plan for Energy Development

in Guilin, 2020 target
0.0575 Positive

Proportion of low-carbon tourism
attractions (C6)

100% Expert team decision 0.0072 100% Expert team decision 0.0136 Positive

Ratio of investment in low-carbon
(C7)

10% Expert team decision, 2020 target 0.0038 20% Expert team decision, 2020 target 0.0166 Positive

Low-carbon marketing (C8) 60% Expert team decision, 2020 target 0.0110 80% Expert team decision, 2020 target 0.0143 Positive
Tourist growth rate (C9) �10% Expert team decision, 2020 target 0.0231 �10% Expert team decision, 2020 target 0.0114 Negative
Tourism congestion index (C10) �10 Expert team decision, 2020

target; Zhang (2016)
0.0045 �20 Expert team decision, 2020 target 0.0078 Negative

Tourism carbon intensity (C11) �0.150 Zhang (2017) 0.0502 �0.200 Expert team decision 0.0453 Negative
Tourism carbon footprint (C12) �30 Expert team decision, 2020 target 0.0309 �30 Expert team decision, 2020 target 0.0251 Negative
Renewable energy usage (C13) 55% Lhasa Energy Development Plan,

2020 target
0.0315 60% The 13th Five-year Plan for Energy Development

in Guilin, 2020 target
0.0284 Positive

Tourism energy intensity (C14) �5 Expert team decision, 2020 target 0.0170 �6 Expert team decision, 2020 target 0.0180 Negative
Ratio of green space (C15) 42% Lhasa 13th Five-Year Plan, 2020

target
0.0129 70% Guilin 13th Five-Year Plan, 2020 target 0.0167 Positive

Air pollution index (C16) 100% Expert team decision 0.0711 100% Expert team decision 0.0734 Positive
Surface water quality (C17) 100% Expert team decision 0.0639 100% Expert team decision 0.0639 Positive
Noise pollution level (C18) 100% Expert team decision 0.0150 100% Expert team decision 0.0150 Positive
Trash management (C19) 100% Expert team decision 0.0171 100% Expert team decision 0.0224 Positive
Sewage treatment (C20) 100% Expert team decision 0.0377 100% Expert team decision 0.0423 Positive
Monitoring system of ecological

environment (C21)
100% Expert team decision 0.0968 100% Expert team decision 0.0968 Positive

Public infrastructure construction for
low-carbon (C22)

5% Expert team decision, 2020 target 0.0004 8% Expert team decision, 2020 target 0.0240 Positive

Water-saving technology adoption
(C23)

30% Expert team decision 0.0058 50% Expert team decision 0.0095 Positive

Low-carbon guiding signs (C24) 100% Expert team decision 0.0028 100% Expert team decision 0.0060 Positive
Usage of low-carbon materials (C25) 100% Expert team decision 0.0049 100% Expert team decision 0.0062 Positive
Education of low-carbon environment

(C26)
100 Expert team decision 0.0160 100 Expert team decision 0.0237 Positive

Communication of low-carbon (C27) 100 Expert team decision 0.0101 100 Expert team decision 0.0108 Positive
Carbon literacy of residents (C28)3 100 Expert team decision 0.0043 100 Expert team decision 0.0042 Positive
Carbon literacy of tourists (C29)4 100 Expert team decision 0.0056 100 Expert team decision 0.0056 Positive
Carbon literacy of tourism enterprise

(C30)5
100 Expert team decision 0.0098 100 Expert team decision 0.0090 Positive

Low-carbon policy & legislation (C31) 100 Expert team decision 0.0218 100 Expert team decision 0.0262 Positive
Special plans for low-carbon tourism

(C32)
100 Expert team decision 0.0086 100 Expert team decision 0.0098 Positive

Low-carbon technology (C33) 100 Expert team decision 0.0076 100 Expert team decision 0.0077 Positive
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By contrast, Guilin’s low-carbon tourism is in the development
stage as Cho et al. (2016) mentioned. Table S6 shows that nine in-
dicators are having higher normalized scores that are more than
0.9. Specifically, the tourism congestion index (C10), noise pollution
level (C18) (1.0000) and monitoring system of ecological environ-
ment (C21) (1.0000) emerged as having the highest scores. As a
China’s Sustainable Development Agenda Innovation Demonstra-
tion Area, Guilin’s ecological environment has always been a key
focus of urban development as well. This study found the perfor-
mance of the indicators closely related to the natural environment
to be generally high. Most of these indicators score higher than
those in Lhasa. Also, some indicators score relatively low in Guilin.
For instance, the normalized score with respect to the proportion of
green hotel (C1)was only 0.49, the proportion of green catering
enterprise (C2) was 0.35, the ratio of investment in low-carbon (C7)
was 0.39, the tourist growth rate (C9) was 0.36, and the water-
saving technology adoption (C23) was 0.46. It is noteworthy that
although the development level Guilin’s low-carbon tourism is
9

good, it still scored poorly on several indicators closely associated
with low carbon including the tourism carbon intensity (C12)
(0.73), tourism carbon footprint (C13) (0.56), renewable energy
usage (C13) (0.65), and tourism energy intensity (C14) (0.73).

Taken together, this study addresses some key policy implica-
tions as follows:

First, on the basis of the traditional investment in the ecological
environmental protection, it is recommended to increase invest-
ment in low-carbon infrastructure as well as popularize low-carbon
materials and low-carbon labels in the tourism industry and even
all walks of life. Second, it is suggested to spread low-carbon ideas
among the stakeholders of tourism development and in turn
improve the low-carbon literacy of these groups. Furthermore,
tourism practitioners, including administrators, especially em-
ployees of tourism enterprises, should be continuously educated on
low-carbon, and the negative effects of climate change on tourism
development, so as to form a low-carbon cultural atmosphere in
the whole society. Third, it is required to formulate and especially
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implement relevant policies and legislations and regulations for
low-carbon development as soon as possible, and draw up low-
carbon tourism development plan or revise the current tourism
plans to reflect the ideas of low-carbon development, so as to guide
low-carbon behavior. In addition, low-carbon technologies should
be actively promoted in tourism carbon-intensive sectors such as
accommodation and transportation, as well as new and sustainable
energy such as solar energy, wind energy and hydro-energy should
be popularized.

6. Conclusions and discussion

Previous studies have indicated that the construction of low-
carbon tourism cities is an important move if the tourism in-
dustry is to achieve the goal of reducing CO2 emissions or play an
important role in the process of achieving a low-carbon society
(Shen et al., 2015; Xu et al., 2011). Based on the evaluation of sus-
tainable cities, low-carbon cities, sustainable urban tourism and
low-carbon tourism, this study constructed an evaluation index
that could be applied to TBUDs. This paper has arguably demon-
strated some pioneering work in both the selection and theweight-
setting of evaluation indicators. In the cases of Lhasa and Guilin, the
results indicate different levels of low-carbon tourism
development.

Regarding the selection of evaluation indicators, although as the
review above, there are a large number of evaluation studies on
low-carbon and sustainable cities, this study focuses more on
highlighting the performance of tourism-related indicators due to
the difference in emphases, namely that this study mainly focuses
on low-carbon tourism, while other studies cover the entire eco-
nomic system. Moreover, the evaluation indicators in this study are
limited to tourism-based urban destinations, rather than being
more general in the same way as existing studies that consider
cities in the general sense. It is precisely because of the tourism
characteristics that this study highlights the importance of CO2
emissions and energy consumption in hotels, tourist attractions
and other tourism enterprises in terms of low-carbon economic
and environmental indicators. Similarly, this study highlights the
low-carbon literacy of tourism stakeholders including residents,
tourist and tourism enterprises in a low-carbon society.

Compared with studies on urban sustainable tourism evaluation
such as P�erez et al. (2016) and Blancas et al. (2016), the indicators
presented in this study highlight low-carbon characteristics, which
are reflected in carbon intensity, energy intensity and low-carbon
literacy. As indicated in the review section, few studies have
focused on the evaluation of low-carbon tourism. An exceptional
example is Zhang (2017) who evaluated the low-carbon tourism
development strategy. The author finally ranked the priorities of
regional low-carbon tourism strategies through the setting of
evaluation indicators. This study further pioneered in terms of in-
dicators through expanding the 15 indicators of Zhang (2017) to 33
indicators and emphasizes the importance of economic develop-
ment for low-carbon tourism, thus more comprehensively reflect-
ing the level of urban low-carbon tourism development.

Regarding the weight determination method, in the evaluation
of low-carbon development and sustainability, the most popular
approaches are AHP (Cho et al., 2016; Hsiao, 2016) and Entropy
method (Chang and Dong, 2016; Shen et al., 2015b; Zinatizadeh
et al., 2017). However, this study takes into account the network
relationships among the indicators and the adjacent levels as
shown in Table S3, thus choosing the ANP method to define the
weight of each indicator. The Entropy method tends to ignore the
importance of the indicator itself, as well as the interdependence
between the different indicators. As an evolutionary version of AHP,
ANP possesses the great advantage that considers the
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interdependence between different indicators or adjacent levels
and could use super-matrix to comprehensively analyze all the
indicators so as to obtain the integrated weights of these indicators.

The main contribution of the current study is that, for the first
time, an index system has been implemented that evaluates the
low-carbon development of a TBUD using a combination of the
qualitative and quantitative FDM-ANP approach. The network
evaluation model constructed for this research enabled the con-
version of the abstract concept of low-carbon tourism city devel-
opment into concrete indicators. The evaluationmodel also made it
possible to convert the subjective qualitative characteristics of low-
carbon tourism, the implied mutual influences between the
numerous indicators, and development demands into integrated
quantitative values to guide actual low-carbon tourism
development.

The research process shows that the constructed indicators (and
weightings) have a wider relevance than China. Because, for one
thing, the initial indicators systemwas determined referring to the
research worldwide; for another, the selected experts of FDM are
from multi countries and regions including Australia, European
Union, and China. The ANP process was also carried out by the same
panel of experts. Therefore, without loss of generality, the evalua-
tion model could be applicable for not only China but also all the
tourism-based urban destinations worldwide.

Some limitations are highlighted here and some improvements
are possible for future studies. First, the choice of triangular fuzzy
numbers is based on experience. However, changing such numbers
would change the final results of selecting the evaluation indicators
for low-carbon urban tourism. Therefore, future sensitivity analysis
should have been performed to ensure the robustness of indicator
selection. Second, More empirical research is needed to prove the
applicability of our model in future studies. Of course, this requires
re-determining the benchmarks based on comprehensive data
analysis in other regions, so as to obtain the evaluation results
suitable for the particular case.
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