Science of the Total Environment 635 (2018) 452-469

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Contents lists available at ScienceDirect

Science orre
Total Environment

Review

Advances and challenges in sustainable tourism toward a green economy L))

Check for
updates

Shu-Yuan Pan **, Mengyao Gao °, Hyunook Kim €, Kinjal J. Shah ¢, Si-Lu Pei ®¢, Pen-Chi Chiang *%**

@ Carbon Cycle Research Center, National Taiwan University, 71 Fang-Lan Road, Da'an District, Taipei City 10672, Taiwan, ROC

b Department of Chemical Engineering, National Taiwan University, 1, Section 4, Roosevelt Road, Da'an District, Taipei City 10617, Taiwan, ROC

¢ Department of Environmental Engineering, The University of Seoul, 163 Seoulsiripdae-ro, Jeonnong 2(i)-dong, Dongdaemun-gu, Seoul, South Korea
4 Graduate Institute of Environmental Engineering, National Taiwan University, 71 Chou-Shan Road, Da-an District, Taipei City 10673, Taiwan, ROC

HIGHLIGHTS

Challenges and barriers in tourism sec-

tor toward sustainability are illustrated.

A total of six key cross-disciplinary ele-

ments in sustainable tourism are pro-

posed.

Strategies, framework and details of KPI

system for green tourism are provided.

A case study of the Green Island, Taiwan

toward a circular economy is presented.

Transformative changes in tourism such

GRAPHICAL ABSTRACT

Heritage | Xev |
() e
o) .
Tourism

Sustainable

as water-energy-food nexus are
described.
ARTICLE INFO ABSTRACT
Article history: This paper provides an overview of the interrelationships between tourism and sustainability from a cross-
Received 28 November 2017 disciplinary perspective. The current challenges and barriers in the tourism sustainability, such as high energy
Received in revised form 31 March 2018 use, extensive water consumption and habitat destruction, are first reviewed. Then the key cross-disciplinary el-
ACC?p ted 4 A.p ril 2018 . ements in sustainable tourism, including green energy, green transportation, green buildings, green infrastruc-
Available online 24 April 2018 . . . .
ture, green agriculture and smart technologies, are discussed. To overcome the challenges and barriers, a few
Editor: Simon Pollard implementation strategies on achieving sustainable tourism from the aspects of policy/regulation, institution, fi-
nance, technology and culture are proposed, along with the framework and details of a key performance indicator
Keywords: system. Finally, prospects of the potential for tourism to contribute to the transformative changes, e.g., a green
Renewable energy economy system, are illustrated. This paper shine a light on issues of importance within sustainable tourism
Green building and encourage researchers from different disciplines in investigating the inter-relationships among commu-
Sustainable transport nity/culture, environment/ecology, and energy/water/food more broadly.
Green infrastructure © 2018 Elsevier B.V. All rights reserved.
Smart technology
Water-energy-food nexus
Contents
1. Introduction . . . . . . ..o e e e e e e e e e 453
1.1.  Significance and importance of sustainable tourism . . . . . . . . . L L L L L e e e e e e e 453

* Correspondence to: S.Y. Pan, Carbon Cycle Research Center, National Taiwan University, 71 Fang-Lan Road, Da-an District, Taipei City 10672, Taiwan, ROC.
** Correspondence to: P.C. Chiang, Graduate Institute of Environmental Engineering, National Taiwan University, 71 Chou-Shan Road, Da-an District, Taipei City 10673, Taiwan, ROC.
E-mail addresses: d00541004@ntu.edu.tw (S.-Y. Pan), mygao@ntu.edu.tw (M. Gao), h_kim@uos.ac.kr (H. Kim), pcchiang@ntu.edu.tw (P.-C. Chiang).

https://doi.org/10.1016/j.scitotenv.2018.04.134

0048-9697/© 2018 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2018.04.134&domain=pdf
https://doi.org/10.1016/j.scitotenv.2018.04.134
pcchiang@ntu.edu.tw
https://doi.org/10.1016/j.scitotenv.2018.04.134
http://www.sciencedirect.com/science/journal/00489697
www.elsevier.com/locate/scitotenv

S.-Y. Pan et al. / Science of the Total Environment 635 (2018) 452-469 453

1.2.  Definitions of tourism activity . . . . . . . . . . L L e e e e e e e e e e e e e e e e 454

1.2.1. Sustainable tOUrISIM . . . . . . . . Lo oo e e e e e e e e e e e e 455

122, ECOMOUIISIM . . . . . . v v v v o e et e et e e e e e e e e e e 455

1.2.3.  Rural tourism (Or a@ro-touriSIm). . . . . . . . . v v v v i e e e e e e e e e e e e e e e e e e e e e e e e e 455

1.24. Culture (heritage) touriSM . . . . . . . . . . e e e e e e e e e e e e e e e e e e 455

125, Community tOUriSIM . . . . . . . o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e 455

126, Others . . . . . . L L e e e 455

1.3.  Objectivesof thiSTeview . . . . . . . . . . . e e e e e e e e e e e e e e e 455

2. Challenges and barriers in tourism sustainability. . . . . . . . . . . . L L L e e e e e e e e e 456
2.1.  Large energy use and greenhouse gas €MiSSIONS. . . . . . . . . v v v v it e e e e e e e e e e e e e e e e e e e e 456

2.2, Extensive water CONSUMPLION . . . . . . . . v v v v v et e e e e e e e e e e e e e e e e e e e e e e e e 456

2.3. Inappropriate waste management and treatment . . . . . . . . . . L L . . Lo e e e e e e e e e e e e e e e e 456

24.  Loss of biodiversity and habitat destruction. . . . . . . . . . . . L L L e e e e e e e e e e 456

2.5.  Threats to heritage management and cultural integrity . . . . . . . . . . . L. . . e e e e e e e e e e e 457

2.6.  Lack of communication channels and information platforms . . . . . . . . . . . . .. L L e e e 457

27, SUMMALY .« . v v v v v e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 457

3. Across-disciplinary approach toward sustainable tourism . . . . . . . . L L L L L L e e e e e e e e e e e e e 457
3.1. Renewable energy (Ereen energy) . . . . . . v v v e e e e e e e e e e e e e e e e e e e e e e e e e e e e 457

3.2.  Greentransport and sustainable mobility. . . . . . . . . L . L L L e e e e e e 457

33.  Greenbuilding. . . . . . oL L e e e e e e 458

34.  Greeninfrastructure . . . . . . . . . L L L Lo e e e e e e e e e e e e e 459

35, Greenagriculture . . . . . . . L L L e e e e e e e e e e e e 459

3.6.  Smarttechnology . . . . . . . . . e e e e e e e e e e 459

4,  Strategies on sustainable tOUTISM. . . . . . . . . . . L L e e e e e e e e e e e e e e e e e e e e e e e 459
4.1.  Governance, policies and framework for sustainable tourism: reliability and security . . . . . . . . . . . . . .. ... ... ... 460

42. Enhancement of institutional networks and public-private-people participation . . . . . . . . . . . . . .. .. ... 460

43.  Provision of adequate economic iNStrUMENtS . . . . . . . . . . . . . . e e e e e e e e e e e e e e e e e e e 461

44. Implementation of integrated management Programs . . . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e e 461

45.  Bridging smart technology industry with tourismsector . . . . . . . . . . . . ... e e e e e e e e e e e 461

4,6. Creation of cultural (heritage) responses and publicawareness. . . . . . . . . . . . . . ... e e e e e e e e e e e 462

5.  Establishment of comprehensive performance evaluation (CPE) Programs . . . . . . . . . . v v v v v v v v v e e e e e e e e e e 462
51. (Criteriaand framework. . . . . . . . L L L e e e e e e e e e 462

52.  Keyperformance indicators. . . . . . . . . . . . L e e e e e e e e e e e e e e 463

53.  Methodologiesand tools . . . . . . . . . L L L e e e e e e e e e e e e e 463

54. Casestudy: the Greenlsland at Taiwan. . . . . . . . . . . . . . 0 0 e e e e e e e e e e e e e e e e 463

6.  Perspectives and PIrOSPECES . . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e e e e e e e e 464
6.1.  Transition to a green economy from tourism business approaches . . . . . . . . . . . . L L. Lo e 464

6.2.  Sustainable materials management (SMM) for a circular economy . . . . . . . . . L L L Lo Lo e 465

6.3.  Connection to water-energy-food (WEF) NEXUS . . . . . . . . . . . vt i i it e e e e e e e e e e e e e e e e 465

64,  SUMMALY . . . . . o v v vttt e e e e e e e e e e e e e e e e e e e e e e 466

7. ConClUSIONS . . . . . . L L L e e e e e e e e e e e 466
Acknowledgments. . . . . . . . . L e e e e e e e e e e e e e e e e e e 467
References . . . . . . . . . e e e e e e e e 467

1. Introduction
1.1. Significance and importance of sustainable tourism

Travel and tourism have a tremendous contribution to our modern
economical system. According to the statistics reported by the United
Nations World Tourism Organization (UNWTO), global travel and tour-
ism industry, including tourism-related business such as catering and
cleaning, represents 9.8% of total global gross domestic product
(UNWTO, 2017a) and 7% of global trade (UNWTO, 2017b) in 2016.
They also create approximately 11% of the world's existing employment
(direct & indirect) in 2016 (UNWTO, 2017a). However, this great contri-
bution to economic development also has a significant impact on the
environment and ecosystem. For instance, CO, emissions for
global tourist trips including same-day visitors' amount to about
1302 million tonnes (Mt) CO, (Peeters and Dubois, 2010), correspond-
ing to 5% of global anthropogenic CO, emissions in 2005, i.e., 26,400 Mt
CO, (IPCC, 2007).

In fact, considering the amount of CO, emissions from tourism in-
cluding transportation, as well as the great growth rates of tourists, its
contribution to the climate change is not small comparing to that of all
other sectors (Bows et al., 2009). Peeters and Dubois (2010) first devel-
oped a 30-year projection model based on an emission inventory made

for 2005. They found that improvements in technology alone cannot
reach the targets of CO, emission reduction for sustainability. Without
a radical shift, the future tourist travel system will not meet the signifi-
cant CO, emission reduction required for avoiding dangerous climate
change (Peeters and Dubois, 2010). In other words, immense transfor-
mations in not only transport modes but also destination choice are nec-
essary (Peeters and Dubois, 2010).

Fig. 1 shows a roadmap of connecting tourism industry with sustain-
able development around the world. Since the late 1980s, the research
in tourism field has given substantial focus on the issue of sustainability
(or sustainable development) (Hall, 2010). At that time, the concept to
connect tourism activity and the environment, known as “alternative
tourism”, was proposed and developed (Aall, 2014). The United Nations
(UN) plan of action for “Sustainable Development Agenda 21” adopted
at the Rio Conference in 1992. After that, the UNWTO had presented
its perspectives on sustainable tourism. In 1996, a separate Agenda 21
for tourism, developed in a partnership with the UNWTO, the World
Travel & Tourism Council (WTTC), and the Earth Council (EC), was pub-
lished. Followed by this document, the Quebec Declaration on “Ecotour-
ism” was announced at The World Ecotourism Summit in 2002, and the
Davos Declaration on “Climate Change and Tourism responding to
Global Challenges” was announced afterwards in 2007. Until the Rio
+ 20 in 2012, the outcome document “The Future We Want” largely



454 S.-Y. Pan et al. / Science of the Total Environment 635 (2018) 452-469

World Summit & Conference

Declaration & Statement | |

Reports & Outcomes Charters & Codes

Brundtland Commission

« Officially defines Sustainable * Global Importance of Tourism
Development
* Environmental challenges

relating to tourism industry

Commission on Sustainable Development

* Workers and Trade Unions in the Web of Tourism
* Sustainable Tourism: A Local Authority Perspective
* Sustainable Tourism: An NGO Perspective

Oslo Statement The 2030 Agenda

* Sustainable
Development Goals

* Agenda for Sustainable
Development

* Statement on Ecotourism
* Global Ecotourism Conference

Johannesburg Plan 2g S:::a'azt; or The Cape Town Conference San Marino ? roadmap
; or
* Sustainable Development Tourism, in * The Cape Town Declaration (WSSD) Dedarétlon on. celebrating
) p S e Accessible Tourism
Agenda 21 (WSSD) partnership * Responsible Tourism in Destinations together
* Plan of implementation: with UNWTO
sustainable tourism and EC

O0LO8O08O0BOO

1997 1999

@

1992 1993

1987 1995 1996

Global Codes of
Ethics for Tourism

Presented their perspectives
on Sustainable Tourism

®

2002 2005 2007 2012 2014 2015 20

The Future We Want (Rio+20)

Making
Tourism More
Sustainable: A

* Role of sustainable tourismin
transition to green economy

* World Charter for Sustainable Tourism
* World Conference on Sustainable Tourism

Quebec Declaration
on Ecotourism

« Context of sustainable development
and poverty eradication

Guide for
Policy Makers

Davos Declaration

 UNESCO, Berlin Declaration
UNWTO, UNEP,
European . Biologia'zl Diversity and Sustairllat{Ie To-urism )
Commission. * International Conference on Biodiversity and Tourism

* Climate change and tourism
* Responding to global challenges

Fig. 1. Roadmap of connecting tourism with sustainable development around the world: principles, declarations, conventions, statements, and codes. Acronyms: WSSD (World Summit on
Sustainable Development); UNWTO (United Nations World Tourism Organization); CSD (Commission for Sustainable Development); WTTC (World Travel & Tourism Council ); UNEP (UN
Environment Programme); TIES (The International Ecotourism Society); and EC (Earth Council).

promoted the role of tourism in the transition to a green economy in the
context of sustainable development and poverty eradication. At present,
however, interests in sustainable tourism among researchers are still
limited, although tourism is among numerous stakeholders such as
tourism industry advocates, enterprises and tourists (Buckley, 2012).

With particular reference to the Sustainable Development Goals
(SDGs) and the broader 2030 Development Agenda (United Nations
General Assembly, 2015), the UNWTO recommended five central pillars
to which tourism should stand to make a significant and lasting contri-
bution to achieve the sustainable development (UNWTO, 2016;
UNWTO, 2017a): (i) inclusive and sustainable economic growth,
which is linked to SDGs 8,9, 10 and 17; (ii) social inclusiveness, employ-
ment and poverty reduction, which is linked to SDGs 1, 3, 4, 5, 8, and 10;
(iii) resource efficiency, environmental protection and climate change,
whichis linked to SDGs 6, 7,8, 11, 12,13, 14, and 15; (iv) cultural values,
diversity and heritage, which is linked to SDGs 8, 11 and 12; and
(v) mutual understanding, peace and security, which is linked to SDGs
18. Saarinen and Rogerson (2013) presented a review on the contribu-
tion of tourism to the UN Millennium Development Goals such as pov-
erty alleviation. Especially in developing countries, implementation of
sustainable green tourism should be considered as the green practice
for addressing poverty, employment and economic diversification
(Honeck, 2012). It is noted that the overall tourism industry accounts
for 47% of economy of developing countries in 2011, and optimistically
57% in 2030, equivalent to over one billion international tourist arrivals
(UNWTO, 2002).

1.2. Definitions of tourism activity
In order to be accepted globally, a sustainable, desirable and politi-

cally appropriate tourism should be developed. Sustainable tourism ac-
tivities principally cover the environmental, economic, social and

cultural aspects of development. Fig. 2 illustrates the concept of these
four sustainability aspects for tourism. Since natural resources may be
intensively exploited in the tourism business, tourism activities would
sometime pose major impacts on the environment, ecosystems, econ-
omy, society and culture. Potential environmental impacts broadly
range from global ocean pollution to localized disturbance in endan-
gered plant and animal species in protected areas (Buckley, 2011).
Therefore, a holistic balance among these four dimensions should be
considered to guarantee the short-term and long-term development
of sustainability for the tourism sector in the face of climate change.

Sustainable
Culture

Fig. 2. Four conceptual aspects required for achieving sustainable tourism.
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The principles of sustainable development should apply to various types
of tourism activities and operations by establishing long-term and
short-term strategies and programs (UNEP, 2002). In this section, the
definitions of sustainable tourism, ecotourism, culture tourism, rural
tourism, and community tourism are briefly illustrated.

1.2.1. Sustainable tourism

Sustainable tourism is reducing the negative effects of tourism activ-
ities on the environment, society and economy to achieve ecologically
sustainable, economically viable, as well as ethically and socially equita-
ble. The UNEP and UNWTO (2005) conceptually defined sustainable
tourism as “development of tourism activities with a suitable balance
between these the dimensions of environmental, economic, and socio-
cultural aspects to guarantee its long-term sustainability.” It must fulfill
the needs of the present tourists and destinations while providing op-
portunities to further development in the future, as well as maintaining
heritage integrity, ecological integrity, biological diversity, and life-
support system. In fact, tourism development should concerns sustain-
able development that aims at the continuous improvement of tourists'
satisfaction (Sharpley, 2000). The Green Tourism Association of Taiwan
also defines the green tourism as “tourism activities that minimize the
environmental impacts, and reduce energy usage and carbon emission
while enjoying ecology-humanity-culture integrity.” In particular, a
special attention to the relationship between tourists' activity and na-
ture should be taken to adopt operational strategies in a spirit of har-
mony and respect toward the green tourism.

1.2.2. Ecotourism

The term ecotourism was originally proposed in the late 1970s. It is
seen as a type of nature-based tourism, and has been becoming as a way
to protect the natural landscapes of a specific region. In fact, ecotourism
refers to a segment within tourism sector with a special focus on envi-
ronmental and ecological sustainability, thereby attracting lots of atten-
tion from tourists as an alternative tourism. Ecotourism could play an
important role in green growth for developing countries with signifi-
cant natural endowments, since these activities do not normally require
an immense capital outlay and investments. It can also connect to the
local communities who may lead tourism activities and operations of
ecosystem preservation. By doing this, ecotourism can generate em-
ployment for the unskilled workforce in rural communities and create
numerous export opportunities in remote locations to ensure a green
economy. Therefore, ecotourism should be regarded as a suitable indus-
try for promoting economic development in developing countries with
capital scarcity and natural resource abundance (Viljoen, 2011).

1.2.3. Rural tourism (or agro-tourism)

Rural tourism emphasizes healthy activities and welfare-expressed
life in the pleasure of clean air, fresh water, landscape, culture and tradi-
tions. Thus, rural tourism shares similarities to ecotourism but with a
primary appeal toward traditionally managed and cultural landscapes.
The modern model of rural tourism usually links up economically
with existing farms, known as agro-tourism (Aall, 2014). Healthily
food in a rural farm can be used as a source of satisfaction and relax
for tourists (D'Alessandro, 2016). Agro-tourism also may involve grow-
ing, harvesting and processing local food or crops on farms. In addition,
numerous farmers provide a homestay opportunity at scenic beauties
and wilderness areas and educate the tourists on farm life and culture
such as religious and cultural tradition or folklore. These practices can
directly contribute to farm income, and provide farmers with a way to
sale farm products (Scope ACP, 2011). For instance, one niche market
for agro-tourism is wine tourism, usually involved in the tasting and/
or purchase of local wine near the source of production (UNEP, 2013).
Although tourism inspires numerous activities, the tourist consumption
may pose negative and irreparable impacts on the landscape. The ideal
rural tourism should encourage creative activities and green practices

of making farms sustainable in keeping with the historical and natural
setting (D'Alessandro, 2016).

1.24. Culture (heritage) tourism

Culture tourism is increasingly developed as a way to protect the
heritage of a specific region (Light, 2017). Natural and cultural heritage
should be considered as a basis for sustainable tourism. Natural heritage
comprises vegetation, wildlife, geological and hydrological phenomena,
as well as natural events such as climate, astrological and volcanic inci-
dents. Similarly, cultural heritage includes living cultures (such as festi-
vals, rites, education, religion, costumes, legends, behaviors, habits,
music, dances and culinary culture), immobile historical monuments
(such as parks, gardens, buildings, facilities and archaeological sites),
and movable historical monuments (such as paintings, sculptures, art-
work, handicrafts, agricultural tools, industrial machines, and docu-
ments/objects).

1.2.5. Community tourism

The concept of community can be applied to the tourism. In commu-
nity tourism, a local community is responsible to develop initiatives and
manage the itinerary of tourism activities (Aall, 2014). Community-
based tourism links the goals of balanced tourism development with
great ecological considerations by existing business models. In particu-
lar, in community tourism, the concept of sustainable development is
applied to improve the life quality of residents by maintaining the nat-
ural and built environment, providing a high-quality experience for
tourists, and optimizing local economic benefits (Park and Yoon, 2009).

1.2.6. Others

At present, new terminologies for tourism activities keep being cre-
ated and still under-researched areas in tourism studies, such as acces-
sible tourism (Polat and Hermans, 2016), responsustable tourism
(Mihalic, 2016), geo-tourism (Newsome and Dowling, 2010) and mari-
time wildlife tourism (Trave et al., 2017). They typically require a mul-
tidisciplinary approach to understanding their themes and scopes
combined with the sustainable tourism approach. For instance, Polat
and Hermans (2016) developed a sustainable accessible tourism
model to evaluate the potential ways for disabled people to intensively
join in (or be accessible to) tourism activities with the highest level of
experience. “Responsustable tourism” was defined by merging two
words, i.e., responsible (practice and behavior-based) and sustainable
(concept and values-based) (Mihalic, 2016). This new terminology
added the sustainability value to the behavioral concept by connecting
responsible behavior with the sustainable tourism concept. Moreover,
an integrated sustainability-responsibility model, so-called the Triple-
A (Awareness, Agenda and Action) model, was proposed to evaluate
the performance of a responsible tourism destination or firm on the im-
plementation of sustainability agenda. Furthermore, like geomorpho-
logical and geological-focused tourism, the concept of “geo-tourism”
was promoted by the National Geographic Society based on the sustain-
able tourism while including additional principles to secure the integ-
rity of place (Aall, 2014). Similarly, the wildlife tourism emphasizes
the practice of observing wild animals in their natural environment. If
conducted responsibly, wildlife tourism can provide economic benefits
to local communities while simultaneously contributing to conservation
efforts (Ballantyne and Packer, 2013).

1.3. Objectives of this review

To achieve the 2030 Sustainable Development Agenda, the UNWTO
has defined three priorities for the tourism sector: (i) promoting safe,
seamless and friendly travel, (ii) deploying innovative technologies in
tourism, and (iii) embracing the sustainability agenda (UNWTO,
2017b). To promote and accelerate the development of tourism indus-
try toward sustainability, this article provides a comprehensive review
on the trends and outlook for tourism activities toward sustainable
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development. The challenges and barriers in tourism sustainability such
as large energy use, greenhouse gas emissions and extensive water con-
sumption are first illustrated. In response to the aforementioned chal-
lenges, several key cross-disciplinary elements toward green tourism,
including renewable energy, sustainable mobility, green building,
green infrastructure, green agriculture and information communication
technology, are then identified. After that, implementation strategies on
developing sustainable tourism and comprehensive performance evalu-
ation programs are proposed and illustrated. Finally, perspectives and
prospects on sustainable tourism, including transition to a green econ-
omy, sustainable material management, and water-energy-food
nexus, are provided.

2. Challenges and barriers in tourism sustainability

Tourism development and management would encounter a multi-
tude of significant sustainability-related challenges for policy-makers
and planners. In fact, the challenge of sustainable tourism is to mitigate
the negative impacts by enhancing the tourism's benefits into the right
directions (ETE, 2009). For instance, an economically profitable and eco-
logically sustainable industry can provide satisfying experiences for vis-
itors and increase quality of living in local communities (Lim and
McAleer, 2005). Other pressing challenges may include high energy
consumption, food waste, overall waste management, weak business
environment (especially in developing countries), shortage of skilled
labor, limited access to finance, and low levels of investment. The
UNEP indicated that the challenges are currently becoming more diffi-
cult due to the multiple crises worldwide, e.g., climate change, economic
recession, fuel/energy crisis, food crisis, and water crisis (UNEP and
UNWTO, 2012). In this section, a total of six potential challenges in pro-
moting ecotourism in the transition to a green economy are illustrated
and summarized.

2.1. Large energy use and greenhouse gas emissions

Tourism is a significant contributor to the increasing greenhouse gas
(GHG) emissions in the atmosphere at the global scale, being attributed
from travel, transport, accommodation, and its related activities. In fact,
the tourism sector accounts for about 5% of global CO, emissions but,
considering the radiative forcing of all GHGs, the overall contribution
of tourism activities to global warming potential is estimated to be
5.2-12.5% (UNEP and UNWTO, 2012). It is noted that the future growth
of tourist-related CO, emissions should depend upon three major fac-
tors (Peeters and Dubois, 2010): (i) number of tourists; (ii) number of
trips of long haul tourism; (iii) frequent holidays for a shorter length
of stay.

Energy use and associated GHG emissions in tourism-related actives
are attributed from three major subsectors: transport, accommodation
and activities. Their GHG emissions comprise a complex mix of
(i) travel motives, e.g., business, leisure, or visiting friends and relatives,
(ii) geographical patterns, e.g., international/domestic and short/long
travel, (iii) temporal ranges, e.g., same-day or overnight trips, and (iv)
purposes of the tourism activities, e.g., business, conferences, festivals,
shopping or leisure. It is noted that the most emissions related to the
transport of tourists are aviation, accounting for 40% of tourism's contri-
bution to CO, (i.e., direct energy use), followed by cars (32%) (UNWTO
et al., 2008). Emissions from tourism-related transport can be deter-
mined by multiplying travel distances with the emission factors. For
transport in the EU, averaged emission factors for air, car, rail, and
coach transports are 0.129, 0.133, 0.027 and 0.022 kg CO, per kilometer,
respectively (Peeters et al., 2007). Regarding the accommodation, most
energy is consumed in space heating or air conditioning (up to 50% in
some cases), followed by being used for hot water or cooking (Beccali
et al., 2009). The values of energy use in hotels can vary considerably
among different counties, e.g., 32-112 million joule (M])/guest-night
in Italy (Beccali et al., 2009); 32-110 M]J/guest-night in New Zealand

(Becken and Hay, 2007); 119 MJ/guest-night in Germany (Gdssling,
2010); and 65-457 M]/guest-night in Vietnam (Trung and Kumar,
2005).

2.2. Extensive water consumption

On a global basis, the amount of water use by tourism is far less than
that by agriculture, industry or domestic (city) use. However, in some
regions, the water use by tourism sector can be the largest proportion
among the total water use. The major water consumptions in tourism
can be commonly found in golf courses, irrigated gardens, swimming
pools, spas/wellness facilities and guest rooms (e.g., shower). Although
tourism-related water consumption is little evaluated in the literature,
available reports indicate that most of the direct water consumption
by tourism is contributed by accommodations (Gossling, 2005).
Gossling (2005 found that global water use in accommodations for
international tourism is approximately 1.3 x 10° m? per year. In the
United States, for example, 60% of water consumption in tourism and
recreation (i.e., 568 million m? of water per year) is attributed to accom-
modation such as shower, swimming pool, landscape and laundry,
while 13% of water consumption is for food-related service (UNEP,
2003). It is noted that direct water use per tourist varies widely, in the
range between 100 and 2000 L per guest night (UNEP and UNWTO,
2012).

Regarding the purposes of water use, little information and data are
available. A study in Tanzania indicates that a half of the total water con-
sumption in hotels (i.e., 465 L per day per tourist) is used for continuous
irrigation of gardens (Gdssling, 2001), due to poor storage capacity of
the soils and high evaporation. Another 20% of direct water consump-
tion in hotels (i.e., 186 L per tourist per day) is used for showers, toilet,
and tap water. In contrast, the water consumptions in guesthouses for
watering gardens and direct uses are 15% (i.e., 37 L per tourist per
day) and 55% (i.e., 136 L per tourist per day) of their total water use
(Gossling, 2001). Furthermore, various tourist activities such as golf
can greatly enhance overall water use by tourism (Diaz et al., 2007).

2.3. Inappropriate waste management and treatment

The increased number of tourism industry has resulted in an in-
crease of waste generation (UNEP and GPA, 2006). Although waste
management and utilization have been one of the well-recognized chal-
lenges in the industry, the issue of waste management and treatment is
still a big challenge. It is noted that over one kilogram of solid waste is
daily generated for every international tourist in Europe, and up to
two kilogram per person per day for the United States (UNEP, 2003).
Wastewater management and treatment are great challenges, even in
mature and wealthy-country destinations. Tourism can directly affect
the quality of water through the discharge of untreated wastewater
(sewage) and freshwater abstraction. Water pollutions from tourism
activities may include nutrient loads combined with organic/inorganic
particles, chlorine loads from swimming pool, and chemicals or surfac-
tants used to dissolve fats and oils (UNEP and UNWTO, 2012). Further-
more, water quality can be indirectly influenced, for example, via the
over-use of underground water, and thus lead to detrimental impacts
such as saltwater intrusion, land subsidence and deterioration of
water quality.

2.4. Loss of biodiversity and habitat destruction

Biodiversity can provide us with a wealth of natural resources that
are greatly important for the tourism sector. However, a large-scale
tourism also could have detrimental impacts on biodiversity, habitat
and natural landscape, such as coral reefs, mountains, rainforests, wet-
lands, arid and semi-arid ecosystems (UNWTO, 2010). For instance,
coastal wetlands have routinely been damaged or destroyed due to
the construction of beach resorts (UNEP and UNWTO, 2012). In Dubai,
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the expansion of the tourism sector is damaging the marine habitat,
burying coral reefs, oyster and sea-grass beds, threating other marine
species, increasing the turbidity of coastal waters and disrupting natural
currents (UNEP and GPA, 2006). In tourism industry, the challenges for
maintaining biodiversity include (i) introduction of invasive alien spe-
cies, (ii) disturbance of wildlife (iii) transformation of land use for tour-
ism activity, (iv) overexploitation of natural resources for water, food,
materials and recreation, and (v) water pollution and waste generation
(UNWTO, 2010). Failure to incorporate biodiversity concerns in destina-
tion management would pose severe environmental impacts, lead to
conflict with local communities, and reduce the value of creation poten-
tial (UNEP and UNWTO, 2012). It is noted that the maximum capacity of
a habitat and the tolerance limits of the particular species involved are
usually overlooked during the development of the management frame-
work (Trave et al., 2017).

2.5. Threats to heritage management and cultural integrity

Heritage, including natural, built and cultural heritage, is affiliated
with a region or a society based on its history. In fact, the natural and
cultural heritage of a specific area is usually the main motivation for a
tourism activity, especially for cultural tourism or congress tourism. Cul-
tural vulnerability is a critical issue for indigenous cultures and cohesive
communities around the world. Rural or remote communities often
possess unique heritage (e.g., cultural attributes) that may be interest-
ing to tourists but which are at a high risk of disappearing. Also, the de-
velopment and construction of infrastructure for tourism may threaten
the integrity of heritage (ETE, 2009). With the growth in tourism activ-
ities, their impacts on vulnerable heritage have been taken seriously by
governments, tourism-related sectors, communities, and cultural
groups.

2.6. Lack of communication channels and information platforms

The lack of communication channels can result in a number of chal-
lenges. For instance, if the communication channels within the supply
chain in agro-tourism are not transparent and the middlemen are the
dominant stakeholders in the chain, farmers would not have control
over marketing their production (Sanches-Pereira et al., 2017). The
lack of direct communication channels could also increase conflicts be-
tween local communities. On the other hand, the lack of information ex-
change platforms would lead to an inefficient tourism system and
insufficient public awareness. For example, if farmers lack sufficient
technical knowledge of green agriculture (such as improved production
techniques, pest and disease control, soil fertility assessment, and har-
vesting and post-harvesting techniques), they would face several criti-
cal issues, such as unsustainable production, low productivity and
crop losses. Similarly, the lack of environmental awareness from local
communities and tourists would lead to insufficient legal framework,
improper management, cultural insensitivity, and heritage deteriora-
tion (ETE, 2009).

2.7. Summary

Developing sustainable ecotourism is a big challenge for planners
and policy makers. As discussed in this section, a total of six specific
challenges that need to be resolved through the green tourism activity:
(i) large energy use and greenhouse gas emissions; (ii) extensive water
consumption; (iii) inappropriate waste management and treatment;
(iv) loss of biodiversity and habitat destruction; (v) threats to heritage
management and cultural integrity; (vi) lack of communication chan-
nels and information platforms. These challenges can potentially be
regarded as an opportunity to introduce green investment in the econ-
omies. It is important to diminish “brown” economies with traditional
business models, mostly on low energy efficiency, fossil-based energy
resources, extensive and unsustainable use of resources, and a high

risk of extreme climate change. To provide a unique space for green
tourism and economy, potential opportunities include (i) sizing and
growth of the sector, (ii) changing consumer behaviors and patterns,
and (iii) addressing local development and poverty reduction.

3. A cross-disciplinary approach toward sustainable tourism

Tourism activities (e.g., construction of massive transport and build-
ing infrastructure) could bring severely negative consequences to natu-
ral environment (Hashemkhani Zolfani et al., 2015), such as
degradation of landscapes, destruction of habitat, and pollution of
coastal zones. Fig. 3 shows tourism activity chain and its connection to
sustainable development. To mitigate the impacts of tourism, the con-
cept of “greening” or “sustaining” should be introduced in the tourism
chain. Numerous key elements, such as energy, transport, buildings, in-
frastructure, agriculture, and smart technologies, play imperative roles
in achieving sustainable tourism. In this section, hence, the roles of
these cross-disciplinary elements on sustainable tourism are discussed.

3.1. Renewable energy (green energy)

Energy is one of the vital elements in tourism activities. In other
words, there is a close relationship between renewable energy and sus-
tainable development in tourism. To achieve GHG emission reductions
in tourism in line with global climate policies, considerable change in
overall energy use pattern in the tourism system and a switch to renew-
able energy resources are required. Tourism industry has been already
leading the way in the innovative sustainable energy initiatives. For in-
stance, numerous green practices can place tourism at the forefront of
such transformation (UNEP, 2013; UNWTO, 2012): (i) energy-efficient
aircraft, (ii) a shift to renewable energy, (iii) new-generation energy
technologies, and (iv) measures of energy efficiency in hotels.

The currently available renewable energy technologies include solar,
wind, hydro, bioenergy, ocean and geothermal energy. For instance,
solar energy devices can harness the power from the sun to generate
electricity either directly by photovoltaic (PV) cells (Shih et al., 2016),
or indirectly through concentrated solar power (Fugiang et al., 2017).
The variety of renewable energy resources provides a flexible array of
options for their use. Nonetheless, the main concern to integrate the
electricity generated from renewable energy into the grid is the safety,
security, stability and sustainability (4S) of supply due to their intermit-
tent characteristic strongly depending on weather conditions. In other
words, the issue of renewable energy storage should be critically con-
sidered when developing a renewable energy project. The grid-scale en-
ergy storage devices, such as batteries, can reduce the uncertainty of
non-dispatchable power sources in a number of ways for intermittency
mitigation and integration management for renewable energy.

In addition, the implementation of renewable energy sometimes
would encounter other challenges, such as conflict to national land-
use plans (Shih et al., 2016) or managing inhabitants' opposition to
the implementation of a project (Rizzo, 2017). Also, the land use con-
flicts between landscape/built heritage and renewable energy imple-
mentation should be critically assessed. For instance, a comparative
analysis of space-constrained and tourism-driven regions could provide
a better understanding of the challenges and capacity that governments
would face. Furthermore, Gasparatos et al. (2017) identified the impacts
of various renewable energy resources on ecosystems and biodiversity,
as well as on the transition to a green economy. They made a point that
some negative impacts of renewable energy on biodiversity do exist
(i.e., trade-offs between renewable energy and biodiversity), which
need to be considered when developing renewable energy policies.

3.2. Green transport and sustainable mobility

Sustainable tourism is tightly connected with the concept of
sustainable mobility since tourism is always linked to travel such as
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Fig. 3. Tourism chain and its connection with sustainable development.

air transport and buses. It is noted that 72% of tourism's CO, emission
comes from transport, 24% from accommodations, and 4% from local ac-
tivities (Peeters and Dubois, 2010). In particular, air transport, only used
in 17% of the total number of tourism trips, alone produces 43% of total
CO, emission. Tourism and aviation are expected to share a great pro-
portion of CO, emissions unless significant changes in the emission tra-
jectories are made (UNEP and UNWTO, 2012). The amount of emissions
from international transport depends on travel mode, fuel efficiency, in-
ternational business, emission offset initiatives, and externalities for
carbon footprint of global tourism.

The key strategies on achieving sustainable transport in the tourism
sector around the world include implementation of (i) green practices,
(ii) airline liberalization, or (iii) economic instruments such as Air Pas-
senger Duties (APD) in the UK (Seetaram et al., 2014) and Passenger
Movement Charge (PMC) in Australia (TTF, 2012). Green practices of
transportation can revolve around efficient use of resources or modifi-
cation of the transport structure to provide more sustainable travel
choices. These green practices require production of innovative electric
vehicles that utilize renewable energy (such as solar, wind and hydro-
electricity), management of privately owned vehicles and dedicated
public awareness and participation. For airline liberalization, it can pro-
mote public investments in improving the infrastructure and efficiency
of air travel, such as airspace and air-traffic management (WEF, 2009),
which can obtain significant benefits. For economic instruments, the
UK's APD has been mainly justified as environmental taxation for fixing
externalities caused by the aviation sector, while the Australian PMC is
aimed at financing border public agencies. In the case of PMC, however,
tourism industry could gain or lose from the increase in passengers' tax,
since it depends on three major factors (Forsyth et al., 2014): (i) the
price elasticity for travel demands, (ii) the balance between inbound
and outbound travels, and (iii) the extent to which domestic tourism
is a substitute for international tourism. It is noted that the degree of
substitutability among tourism services by different destinations could
play an important role in PMC because it strengthens an origin's incen-
tives for taxation, while weakening destinations' incentives (Alvarez-
Albelo et al,, 2017).

On the other hand, tourism is recently connected with the concept of
sustainable mobility (known as the mobility nexus). The convergence
between tourism travel and information/communication constitutes a
key feature of a mobile society (Germann Molz and Paris, 2013). Recent
advances in the information technology, e.g., wireless connectivity,
sensor technologies, cloud computing, computer graphics and

smartphones, have made “mobile-augmented reality” more accessible
to a mass market (Yovcheva et al,, 2012). Hannam et al. (2014) provided
an overview of multiple mobilities that may be involved in tourism mo-
bilities. They found that tourism mobilities can involve the use of mobile
methodologies because tourists now tend to bring mobile devices on
their trips and fluidly switching between corporeal and mediated co-
presence with distant social networks.

3.3. Green building

Building, one of the most important human activities, plays an im-
perative role in the formation of social environment and tourism indus-
try. Buildings represent a high potential for energy savings; for instance,
in Europe, buildings consume 40% of the total energy and emit 36% of
GHGs (UNWTO, 2017b). As a result, improvement of energy efficiency
in buildings (e.g., hotels) is an effective approach to reducing GHG emis-
sions (Si et al., 2016). With green building practices, it is expected that
environmental footprint of buildings can be significantly improved,
i.e., reducing energy use by 30-50%, CO, emissions by 35%, waste gener-
ation by 70%, and water consumption by 40% (Varma et al., 2014). In
general, the green building practices are accepted from the viewpoint
of (i) energy and resource efficiency, (ii) improvement of ecological
and environmental quality, (iii) waste reduction, and (iv) health im-
provement of occupants during the building life-cycle (Mao and Yang,
2011; Thilakaratne and Lew, 2011).

From the perspective of hotels, numerous green practices can be
considered; for example, guests could be encouraged to re-use towels,
or be informed that linen is not changed daily. Hotel-restaurant
menus and letters addressed to the guests can be made by recycled
paper. Similar green practices can be found in the Nearly Zero-Energy
Hotels (neZEH) project. This project is initiated by the Intelligent Energy
Europe Programme of the European Commission, and aims to support
hotels in Europe to comply with the nZEB (nearly-Zero Energy Build-
ings) regulations (UNWTO, 2017b). It is noted that all EU Member States
are required to meet the nZEB by 2020. In addition, D'Alessandro (2016)
illustrated the development of an agritourism project in the Campania
region, where fusion between landscape and architecture was served
as the basis of the tourism. In this project, the main structure of agritour-
ism was made with respect to green building principles, such as light-
emitting diode lamp, composite windows, plant-based insulating mate-
rials, and TECU® copper alloys (which can provide stunning effects and
colors to deliver the ultimate cladding style and provide protection
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against the harshest of elements) and PV panels on the roof of a build-
ing. Kim et al. (2016) revisited the relationship between the green prac-
tices in the hotel industry and the satisfaction of tourists in a realistic
setting. The results indicated that a higher deployment of green prac-
tices could enhance the satisfaction of customer; however, it does so
only indirectly to some degree.

3.4. Green infrastructure

Infrastructures (such as trails, visitor centers, resting places, parking
lots, camp grounds and vista points) allow individuals to visit an area
and increase the ecosystem-service benefits associated with its recrea-
tional use. When talking about the infrastructure for visitors in
protected areas, particular precaution is necessary due to the high vul-
nerability of natural attributes. In fact, green infrastructure provides op-
portunities for cities to be designated as protected tourist areas. The
term “green infrastructure” refers to the interconnected networks of
green spaces that can provide multiple benefits such as storm water
management, improvement of water quality, conservation of wildlife,
and provision of human recreation. Green infrastructure can be in the
forms of natural, semi-natural or artificial networks of ecological sys-
tems with multifunction. Within these protected areas, various types
of green infrastructures and practices, such as green street (tree plant-
ing on streets), bioswales, permeable vegetated surfaces, detention ba-
sins and green corridors, can logically be incorporated under a national
program (Serra-Llobet and Hermida, 2017).

The key concept of implementing green infrastructure for sustain-
able tourism is the strategic use of both the existing natural elements
and newly constructed elements to provide benefits of open space, air
quality, and wildlife habitat. For instance, Setyaningsih et al. (2015)
have established a model formulation of the tourist development
through the low impact development (LID) to be put into realization
of an eco-green and sustainable tourism. Also, US cities are increasingly
implementing the LID to meet stringent requirements of water quality
standards for cities with combined or separated sewer (Green Nylen
and Kiparsky, 2015). Similarly, governmental plans linking into an eco-
logical network or establishing a new protected area should been de-
clared national objectives, alongside with conservation of unique
heritage and landscapes (Angelstam et al., 2017).

3.5. Green agriculture

Both tourism and agriculture are important contributors to the local
economy development. In particular, implementation of green agricul-
ture plays an important role in achieving sustainable tourism. Sustain-
able agriculture emphasizes the provision of enough food (or agri-
food products) and ecosystem services for present and future societies
(Koohafkan et al., 2012). For instance, integrated pest management
and organic production techniques are key elements in the scope of sus-
tainable green agriculture. They can result in the reduced use of expen-
sive chemicals and fertilizers, thereby increasing profit margins and
reducing the risk of farmers' health and the local environment.

Especially for small-scale agricultural producers, the tourism devel-
opment can provide great opportunities to increase incomes by market-
ing their agricultural products (such as fresh fruit, vegetables, flowers,
and ornamental plants) to the local tourism sector. An increase in
local agri-food production also might have a positive effect on local
tourism. For instance, the organic products such as vineyard, the winery,
the bio garden can be the selling points of the tourism. Therefore, estab-
lishing a linkage between agricultural products and rural tourism could
contribute to the economic development of the area. However, numer-
ous countries, such as Ghana (Asiedu and Gbedema, 2011), still lack im-
plementation strategies to set these linkages up; therefore, tourism
industry often ends up importing agricultural products.

Recently, the concept of an agribusiness model that brings up eco-
agro tourism has been proposed. An institutional framework linking

tourism and agriculture sectors at multiple levels (i.e., country, region,
and community) should be established to generate net benefit for
small-scale farmers. Also, it is critically imperative to raise public aware-
ness and to build citizen's capacity for attaining a high level of con-
sciousness and knowledge in support of the implementation of
linkages between tourism and agriculture. To promote green agriculture
in sustainable tourism, Sanches-Pereira et al. (2017) proposed a set of
potential thematic strategies: (i) public awareness and citizen's capacity
building, (ii) start-up drivers, (iii) public-private partnerships and des-
tination level cooperation and action, and (iv) effective promotion of
pro-poor tourism and branding. On the other hand, for the tourism ser-
vice providers with regard to locally-sourcing agri-food products, sev-
eral factors are important (Hiiller et al., 2017): food safety standards,
quality, quantity, price, visual appearance, status of the producer, and
documentation.

3.6. Smart technology

Recent technology developments in the areas of electronics and in-
formation and communication technology (ICT), such as internet of
things (IoT) and wireless sensor networks (WSNs), have accelerated
the transition to a digital world (so-called the digital age), and enhanced
the appearance of information networks toward sustainable tourism. In
fact, the ICT has increasingly been incorporated into tourism-related
business, such as travels, experience feedback of tourists, operations
and management of tourism firms (Leung et al., 2013). The scope of
ICT encompasses the internet sphere and the mobile wireless networks.
In general, it means all technologies that allow organizations and people
to interact to each other in the digital world, covering software, hard-
ware, transactions, communications technology, data, internet access,
and cloud computing.

The importance of smart technology in economic development and
business growth has been monumental; in fact, it continues to revolu-
tionize all parts of the conventional tourism to smart sustainable tour-
ism. For instance, the lack of practical information, such as the amount
of tourists, is one of the biggest gaps in understanding and managing
the impacts from tourism. The ICT industry plays a key role in data col-
lection and analysis. For collection of data, WSN devices enable the con-
tinuous monitoring from small (a certain area) to global scale. They may
be flexible, inexpensive, and easily deployed and support self-
organization (Xue and Hassanein, 2006).

The real-time monitoring system, one of the applications of WSNs, is
extremely important in metering environmental parameters in each
tourist location. These networks use the environmental monitoring sys-
tem based on an array of sensor networks and/or the interconnection of
networks involved with heterogeneous wired and wireless techniques.
For instance, Novas et al. (2017) developed a real-time monitoring sys-
tem allowing the registration of numerous metadata such as tempera-
ture, relative humidity, wind speed and direction, CO, concentration,
atmospheric pressure, amount and intensity of rainfall, presence and
visitor count. The monitoring system is conceptualized for presenting
the above metadata via the Internet in real time anywhere. This real-
time system also can monitor over time the cave environment to evalu-
ate the relationship between a sustainable tourism and the natural en-
vironment. Similarly, Cama et al. (2013) developed a wireless network
for continuous monitoring of important environmental parameters,
such as humidity, temperature, total solar radiation, photosynthetically
active radiation and soil moisture, in the Amazon. Within the Peruvian
Amazon rainforest, this is the largest permanent wireless network
with a coverage of 450 km to evaluate the consequences of global cli-
mate change.

4. Strategies on sustainable tourism

Sustainable tourism can provide effective resource management,
while simultaneously minimizing negative externalities to an area's
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environmental and cultural integrity. In addition, sustainable tourism
can generate “green” income or become an important source of export
growth especially in developing countries. In this section, implementa-
tion strategies on development of sustainable tourism from the per-
spectives of policy/regulation, institution, finance, technology and
culture are proposed.

4.1. Governance, policies and framework for sustainable tourism: reliability
and security

Sustainable tourism could play an important role in establishing an
integrated approach to policy, regulation and management for tourism
development, thereby providing ways to secure positive benefits
(Bramwell and Lane, 2012). Effective governance, policies, frameworks
and tools need to be in place to plan, guide, support and coordinate de-
velopment of sustainable tourism. Also, development of tourism adap-
tation measures to climate change (including societal adaptation) is
important (Weir, 2017). For instance, the role of tourism industry on
CO,, emissions largely depends on the adaptation of sustainable tourism
policies and efficient management. In addition, policy frameworks
within an individual country should ensure that tourism and its promo-
tion are soundly integrated in national policies, strategies and programs,
and must be set up on evidence. In other words, data collection, analysis
and monitoring are particularly important to propose clear objectives
and sound plans on sustainable development and growth.

Governments and relevant authorities must keep reviewing the na-
tional policies, such as renewable energy supply and transport develop-
ment, to ensure long-term reliability, security and sustainability of
necessary factors in tourism. The visions of tourism policies should be
consistent with the strategic goals of national economic, social and cul-
tural development. As shown in Table 1, a total of eight essential factors,
including food, clothing, accommodation, traffic, education, entertain-
ment, purchasing and charity, should be considered in the development
of sustainable tourism. For instance, from the perspective of purchasing,
buying local products can reduce the GHG emissions by 4-5% due to the
great emissions during the production and transportation of food
(UNWTO, 2017a).

In addition, it is imperative to integrate sustainable consumption
and production (SCP) patterns in tourism policies and frameworks.
The SCP emphasizes the systematic change by decoupling economic
growth from environmental degradation and applying a life-cycle ap-
proach by accounting all phases of resource use (Pan et al., 2015). This
is in cope with the major theme of SDG-12, and should be particularly
incorporated with the concept of sustainable materials management
(SMM) toward a circular economy system (CES). SMM is a framework
to sustainably manage materials and products throughout the entire
life-cycle, which should be applied in tourism sector to deal with
waste management issue. Also, supporting sustainable tourism while
phase-out of the heavy polluting enterprises can effectively ensure the
movement toward the CES (Su et al,, 2013). In China, for instance, policy
formulation in tourism sectors lacks the ability to systematical control
on the production factors, such as land use, technology, capital and tal-
ent (Tang, 2017).

Furthermore, internationally recognized standards and criteria
should be adopted and harmonized for the tourism sector. This can pro-
vide for awareness and consciousness about the practical aspects of sus-
tainable tourism, thereby enabling the monitoring of tourism operation
and management (UNEP, 2013). In addition, dialogue and capacity
building is an important task that should be included along the formu-
lation and implementation of educational policies to promote the devel-
opment and contribution of sustainable tourism. Governments, non-
government organizations, and the private sector can advise on the de-
velopment of training programs and information systems, and help to
build the capacity to manage tourism. Also, evolution of research and
education is needed to spearhead changes in practice related to sustain-
able tourism (Moscardo, 2016).

Table 1
Essential factors in sustainable tourism and their connections to cross-discipline elements.

Necessities of
tourism

Principles toward sustainability Cross-discipline

connections?®

Food (Eating) Eat organic (to reduce the soil pollution), GA
locally (food should not be imported over
greater distances), and seasonal.

Wear in simple, light, and comfortable ST
styles. It can decrease the weight of
luggage, thereby reducing energy
consumption in transportation and
subsequent washing/cleaning.

Stay in natural (e.g., green construction
materials), energy-efficient and local
hotel.

Use low-carbon intensity vehicles (electric GT, GE, and ST
vehicles). Take public transport such as
mass rapid transit (MRT) and bus; ride
bikes; or walking.

Be respectful to the nature. Introduce the
concept of 6R, i.e., Redesign, Reduce,
Reuse, Recycle, Recovery (energy), and
Reclamation (land).

Experience the culture, and visit to
community, farms and ecological sites
such as wetland.

Clothing

Accommodation GB and GE

(Housing)
Traffic
Gl, GE, and ST

Education

Entertainment GA, GB, GI, and ST

Purchasing Buying local products, e.g., cultural GA and GT
specialty, agricultural products and
handicrafts.

Charity Reduce individual carbon intensity by, for GA

instance, purchasing carbon credits.
Participate in environmentally friendly
practices such as tree planting.

2 GA (green agriculture); GB (green building); GE (green energy); GI (green infra-
structure); GT (green transport); ST (smart technology).

4.2. Enhancement of institutional networks and public-private-people
participation

Implementation strategies on sustainable tourism development re-
quire cross-sectoral linkages. It is especially imperative to address the in-
stitutional and structural challenges faced by tourism sectors. The
effective operations of the tourism economy largely depend on the insti-
tutional arrangements and structural frameworks within the entire social
economic system (Tang, 2017). To ensure wide participation and consen-
sus building, development of sustainable tourism requires strong political
leadership, as well as the informed participation of all relevant stake-
holders (UNEP and UNWTO, 2005). Different stakeholders, such as
governments (policy-makers), tourists, hosts (firms), practitioners, edu-
cators, and non-profit and for-profit organizations, should be involved
in the development and implementation of sustainable tourism.

Synergies should be developed among institutional networks along
with public-private-people participation (4P). Cooperation between in-
ternational development institutions and the tourism industry also
should be enhanced. Especially for developing countries, fostering the
network in global ecotourism communities allow them to share success
lessons and available green practices. These are essential steps to inte-
grated sustainability into policies and management practices. It is
noted that collaboration among stakeholders also can ensure the im-
provement of the tourism sector's performance on SCP.

According to the review on tourism planning models (Moscardo,
2011), although stakeholders are important, few research on detailed
direction for identifying and engaging with stakeholders is provided.
Waligo et al. (2015) employed the traffic light routes framework anal-
ogy for evaluate stakeholders' perceptions of sustainable tourism strat-
egies and their impact on tourism initiatives. Similarly, Hardy and
Pearson (2017) utilized the Q methodology (or Q-sort factor analysis)
to assess the attitudes of stakeholders on sustainable tourism in
Australia. The results reveal that, when considering sustainable tourism
development, the attitudes of individual stakeholders do not always
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align to their stakeholder group. Therefore, responsive methods are nec-
essary to ensure adequate stakeholder involvement. Furthermore, Law
et al. (2016) developed an integrated framework and model for trans-
lating the green economy system into a tourism stakeholder engage-
ment process from a tourism perspective. This developed model has
integrated several approaches including visioning group techniques,
tourism economy and employment forecasting, resource efficiency esti-
mates, and resident/visitor surveys.

4.3. Provision of adequate economic instruments

Sustainability for tourism business should ensure long-term profit-
ability by reforming policy, institutional and regulatory conditions that
govern business activity (UNWTO, 2017a), as well as through well-
tempered price policies and diverse products (ETE, 2009). Practice
guidelines and regulations should be proposed in accordance with na-
tional visions and legislation. For instance, promoting foreign direct in-
vestment (FDI) could effectively improve market awareness, economic
stability, quality control, skill/knowledge levels, and technology trans-
fer. It is noted that the FDI should be well-grounded in destinations,
which maximizes economic benefits for local communities (UNWTO,
2017a). In addition to the FDI, provision of adequate economic instru-
ments from government can enhance public investment and financing
in sustainable tourism. Economic instruments, such incentives, eco-
taxes and charges from tourists, can motivate private cooperates to
change their operations toward sustainability, thereby ensuring sus-
tainable practices in tourism businesses.

Incentives should influence the practice of tourism activities and de-
velopment toward sustainability via changing the behavior or the busi-
ness practice of tourism providers. Such incentive schemes comprise
incorporation of fuel prices and taxes with externality across transport
sectors, reduction in tourist taxes, or provision of discounted prices for
tourists choosing environmentally friendly behaviors. In addition, the
incentives should be administered in a way with adequate framework
and transparency, as well as helping enable capacity building. Different
types of incentives, including contests, awards, certification, labeling,
grants, trademarks/umbrella brands and promotional actives, can be
implemented. In most cases, incentives are only a first step or a compo-
nent in the early stage of sustainable tourism development program.
Since incentives alone cannot solve all concerned issues of tourism,
the evaluation system should set comprehensive (i.e., clear, realistic
and meaningful) indicators rather than too demanding and beyond
capacity.

Fiscally supporting green practices, such as water-saving equipment
and energy-efficient heating/cooling and lighting systems in buildings,
can make substantial progress in sustainable tourism. Similarly, contin-
uous investments in public green transport are fundamental to spear-
head greater connectivity and reduce carbon footprints (UNWTO,
2017a). On the other hand, both public and private investments should
help launch tourism projects with vulnerable communities
(i.e., heritages and cultures) under an agreement on shared responsibil-
ities. Investments in community development (e.g., early warning
systems), environment protection (e.g., emergency response and recov-
ery plans) and market diversification can secure resilience and social in-
surance, as well as mitigate the shocks of international market trends
(UNWTO, 2017a).

4.4. Implementation of integrated management programs

To ensure the tourism development is environmentally, economi-
cally, socially and culturally sustainable, integrated management pro-
grams based on the principles of sustainability must be established.
The integrated management program should be a proactive approach
to the regulation of tourism in a specific area based on tourism manage-
ment plans adopted by local authorities, and coupled with risk manage-
ment plans. The framework of the integrated management programs for

a tourism industry should follow the PDCA (Plan-Do-Check-Action)
principle, as shown in Fig. 4. It comprises four stages: (i) development
of a management plan, (ii) its consequent implementation, (iii) perfor-
mance evaluation and impact assessment, and (iv) feedback and
response.

In the first stage, the proposal and planning should be related to the
political background of a destination. Also, at an early stage of the plan-
ning process, the participation of local community and population is
crucial for the success of the subsequent implementation and manage-
ment of plans. It is noted that participation could include a wide range
of elements, such as providing information, facilitating consultation,
assisting coordination, initiating cooperation and making decision
(ETE, 2009). Then the management plan should be implemented with
appropriate supervision and compliance. In this stage, green practices
and technology industries (such as IoT and ICT) should be incorporated.
For instance, monitoring system must be established based on clear in-
dicators, accurate and precision measures, analysis of carrying capacity,
limits of acceptable change, and sound trouble-shooting mechanisms. In
the third stage, the evaluation and assessment are expected to enrich
the knowledge of sustainability strategies and integrated management
for tourism activities. It should monitor the performance of tourism de-
velopment, assess the impacts of existing tourism activities, and provide
a prospect on future tourism development. The impact assessment in a
protected region should be designed as a holistic approach to consider-
ing the ecology, environment, society, economy and culture. Commonly
used assessment methods include social impact assessment, environ-
mental impact assessment, and strategic environmental assessment. Fi-
nally, based on the results of evaluation and assessment, the feedback
and response should be applied to revise or modify the proposed plans.

To ensure sustainable tourism outcomes, various methodological
tools and models can be employed, such as land-use planning (Trirat
et al., 2014), importance-performance analysis (IPA) (Boley et al.,
2017), actor-network theory (ANT) based framework (Dedeke, 2017),
computable general equilibrium model (Dwyer et al., 2016), economic
tools and analysis (Torre and Scarborough, 2017) and experience-
concept model (Eide et al., 2017). For land-use planning, Trirat et al.
(2014) emerged the learning process during agricultural resource plan-
ning such as green mapping, resources' symbol making, and GPS coordi-
nating, to enhance the participation of community. Regarding the
stakeholder involvement, the IPA can identify gaps between the percep-
tions of stakeholders on the importance of a specific attribute and the
performance of a tourism firm on managing the attribute. In the mean-
time, the ANT can be adopted as an important analytical framework for
tourism research, especially the relationships between non-humans
and humans.

4.5. Bridging smart technology industry with tourism sector

Recently, the concept of “smart tourism” has been proposed, which
is defined as an individual tourist support system within the context
of information and communication technology services. Different to tra-
ditional tourist information services, the smart tourism emphasizes the
ubiquitous tour information service received by tourists during a tour-
ing process through initiatives based on the special requirements of
those individuals (Li et al., 2017b). This requires the development and
application of smart technology, such as IoT and ICT technologies. The
ICT infrastructure is related to connectivity, market access, distribution
and networking via internet. Great internet accessibility can bolster
connectivity, marketing, distribution and networking, thereby
underscoring the importance of developing and deploying the ICT infra-
structure, particularly in developing countries or rural and remote re-
gions. Moreover, the real-time monitoring system based on the WSNs
should be installed to allow developing a sustainable and profitable sys-
tem that can evaluate the relationship between the environment (in
terms of natural environment or satisfaction of tourists) and a sustain-
able tourism.
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Fig. 4. Integrated management framework for tourism industry in accordance with PDCA principle.

In addition, effective marketing and the use of social media can sig-
nificantly increase tourists' awareness of their own impacts on sustain-
ability (UNWTO, 2017a). For instance, on-screen tourism (or film
tourism) can greatly increase tourist arrivals to a certain place as a result
of films or TV drama series. An important strategy in the promotion of
on-screen tourism destinations is to create an iconic concept, for in-
stance Middle Earth in the Hobbit (Li et al., 2017a). This should be effec-
tively incorporated with marketing strategies and media convergence.
Similarly, with the application of geographic information system, a
“green” map with tourist attractions such as shop locations of local
agri-food products should be provided to enhance the linkage of tour-
ism and agriculture development.

4.6. Creation of cultural (heritage) responses and public awareness

Considering protection and maintenance of heritage while making
use of tourism activity as a means of conservation is imperative of eco-
tourism. In fact, tourism could provide great opportunities for continu-
ation, enhancement and rejuvenation of traditions and lifestyles. The
heritage and conservation issues should be involved in the mitigation
and adaptation plans to climate change. Also, they must be conducted
in close collaboration with relevant stakeholders. Tourists would wish
to participate in recreation and to learn about natural and culture heri-
tage of the places visited. Therefore, governments and tourism depart-
ments should consider the benefits of heritage and cultural industries,
and thus develop the economic, political, and cultural function of sus-
tainable tourism. This is the concept of heritage economy, which is a
cross-disciplinary system, including three economic contexts: heritage
economy, cultural economy and tourism economy. The cultural indus-
try represents a basic demand and supply economic system. However,
clear conceptual frameworks have not existed for most of heritage and
culture tourism economies (Xu et al., 2017). In addition, both natural
and cultural heritage is usually vulnerable to the effects of globalization,
modern development and people lifestyles. It is noted that the physical
and cultural impacts of tourism depend on the characteristics of the
tourists (e.g., number and nature) and the site where tourism activities
take place (ETE, 2009).

Ecotourism should ensure a high satisfaction and a meaningful expe-
rience to tourists to increase their awareness and consciousness about
sustainable and green practices (UNEP and UNWTO, 2005). In
fact, changing consumer/tourist patterns can provide promising

opportunities for promoting public awareness and achieving sustain-
able tourisms. Once publics become environmentally and socially con-
scious, people would look for a responsible alternative to traditional
tourisms. Eagle et al. (2016) conducted a sophisticated multi-method
research to develop insights into segmentation-based strategies and be-
haviors, which can successfully identify barriers and opportunities to
sustained behavior change. In their study, the decision variables include
pricing and innovation policies, emission caps and investments in infra-
structure by governments and corporations. Furthermore, to provide
credible measures of economic contribution by tourism, efforts should
be focused on ensuring sustain and participatory data collection,
conducting existing statistical frameworks, involving needs-based indi-
cators for tourism management (UNWTO, 2017a). For instance, the
marketing and advertising campaign should be carefully designed to in-
tensify public awareness around the sustainable tourism policies and
implementation (Dimitriou, 2017).

5. Establishment of comprehensive performance evaluation (CPE)
programs

Sustainable tourism should balance economic benefits, environmen-
tal protection, social justice and cultural integrity to meet the needs of
the host community and improve living standards (Liu et al., 2013).
Along the way, the establishment of comprehensive performance eval-
uation (CPE) programs is regarded as an essential component for
achieving sustainable tourism. In this section, the criteria, framework
and methodology of establishing CPE programs are illustrated. A case
study of the Green Island at Taiwan is also provided.

5.1. Criteria and framework

In general, a common language and organizing structure for effec-
tively measuring the economic, environmental and social dimensions
in tourism industry should be developed. However, current tourism
measurement standards are largely economic (UNWTO, 2017b). Thus,
the UNWTO, supported by the United Nations Statistics Division, has
launched an initiative toward a ‘Statistical Framework for Measuring
Sustainable Tourism' (MST),” as shown in Fig. 5. This proposed frame-
work can provide a base to facilitate dialogue between different sectors,
as well as to encourage integrated decision-making via exploiting the
rich level of data already available. The set of performance indicators
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should be carefully determined and adjusted according to the local con-
ditions of the evaluated region. The measured figures of each indicator
must be subject to adequate and qualified interpretation by indepen-
dent panels and experts, such as an ad-hoc committee.

Key performance indicators (KPIs) are figures (tangible) or charac-
teristics (intangible) that can represent the condition or the change of
the state of a certain aspect. To adjust the importance of single KPI for
one aspect, each KPI should be weighted to different degrees to ade-
quately determine the state or the improvement of the aspect. Numer-
ous effective methodologies, such as a Delphi method (Choi and
Sirakaya, 2006), an analytical hierarchy process (Mikuli¢ et al., 2015;
Park and Yoon, 2011) and a fuzzy Delphi-analytical network process
(Zhang, 2017), can be applied to assess the relative importance of sus-
tainable tourism indicators. In contrast, the use of equal weighting sys-
tem for sustainability KPIs to facilitate the interpretation of each
indicator could also be considered (Singh et al., 2012).

5.2. Key performance indicators

KPIs can be derived using qualitative and/or quantitative approaches
to elucidating complex realities. Singh et al. (2012) summarized various
types of sustainability indices that can be practically implemented to
measure the performance of sustainable development, such as innova-
tion, knowledge, technology, development, market-based and compos-
ite sustainability performance indices. Similarly, Lee and Hsieh (2016)
have identified 143 sustainability indicators for wetland tourism. Also,
Votsi et al. (2014) suggest that both the conservation and acoustic qual-
ity of a site are important in environment-conscious tourism destina-
tions, which might function as a tool for management or serve as a
KPI. Addressing the social and cultural indicators would be more
challenging because they often defy simple resolution and require
industry- and community-wide involvement and commitment
(Agyeiwaah et al,, 2017). On behalf of enterprises, a corporate social re-
sponsibility report is a good option to reveal the social and cultural indi-
cators in a meaningful manner.

5.3. Methodologies and tools

Various methodologies, such as material flow analysis, life cycle as-
sessment, ecological footprint and risk assessment, can be tailored to
quantify the KPIs and/or benchmarks for the subsequent decision-
making procedure. Development of integrated models for comprehen-
sive performance evaluation is of importance to balance economic
growth and environmental protection toward sustainable tourism.
These models can provide a general understanding of the types of

i [ Common Classifications ]— —_— @ ATA
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tradeoffs that might be expected when considering development of
tourism in a natural location and the role for infrastructure in enhancing
the carrying capacity for tourism in this area. Dvarskas (2017) has de-
veloped an integrated model linking tourists behavior with an ecologi-
cal model to estimate the environmental impacts of the increased
visitors. Hernandez and Le6n (2007) expanded a life-cycle model to
quantify the interaction between natural and physical capital, such as
the visitation and infrastructure investments related to environmental
assets, depending upon the intensity of resource use.

Understanding the dynamic relationship among GHG emissions,
economic growth, and tourism development is quite important for the
government and policy makers. Paramati et al. (2017) conducted a com-
parative analysis on the tourism-CO, emissions nexus by modeling the
influence of tourism development on economic growth and CO, emis-
sions in the context of Eastern and Western EU. However, since such
tools are seldom used during tourism development, there could be a
risk of overlooking significant impacts or of shifting the responsibility
onto upstream/downstream actors in the supply chain (Budeanu et al.,
2016). Therefore, the uncertainty and/or sensitivity analysis should be
conducted to identify the gaps and evaluate the robustness of KPIs.
This can further enhance the transparency and credibility of the KPIs.

5.4. Case study: the Green Island at Taiwan

Green Island, with a land area of ~15.1 km?, is a volcanic island in the
Pacific Ocean about 33 km off the eastern coast of Taiwan. It was served
as a penal colony for political criminals and prisoners during the period
of martial law, and now it is known as a hotspot of ecotourism. In Janu-
ary 2010, the Taiwan Government initiated a low-carbon city program
to promote the development of ecotourism on several demonstration
islands, such as Green Island, for achieving the green economy. A
cross-disciplinary perspective encompassing green energy, green trans-
port, green building, circular economy, management information sys-
tem, and education/training program was considered in the
establishment of sustainable tourism at the Green Island. Fig. 6 illus-
trates the network of integrated sustainable infrastructures, including
green energy, green building and lithium ion battery (LIB) charge sta-
tion, for sustainable tourism at the Green Island. For instance, before
the sustainable tourism program, the Green Island was powered by a
diesel-fired power plant with a capacity of 29 MW, consisting of
28 units of generators. By this program, a total of six renewable energy
facilities including solar PV and wind power has been installed on the
Green Island. The average wind speed in the Green Island is about
5-7 m/s, which can be utilized to generate electricity via wind power fa-
cilities (especially for the E6 location). The green energy facilities are
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also connected with green buildings at several key tourism attractions,
such as the Green Island prison (E2/B2) and tourist center (E3/B3).

In addition to the development of sustainable infrastructures, a KPI
system for evaluating the performance of the sustainable tourism at
the Green Island was established, as shown in Fig. 7. The KPI system
comprised three stages to break down the original 26 performance indi-
cators to ten KPIs via an Ad Hoc committee. This KPI system was incor-
porated with the scopes of the National Sustainable Development
Policies, as well as the principles of low-carbon community and green
infrastructure. In particular, implementation of green practices on sus-
tainable tourism activity, such as renewable energy, trash reduction,
green transport, and environmental education, was emphasized. These
KPIs are closely related to the six cross-disciplinary components as indi-
cated in Section 3 of this study. They also could be served as a basis for
governments and enterprises to develop their own specific metrics ac-
cording to their goals, measure current status, and assess relevant prog-
ress toward achieving sustainable tourism.

6. Perspectives and prospects

While tourism exhibits a great positive contribution on economic
development, it is often blamed for environmental quality degradation
and natural resource depletion through anthropogenic activities and
improper management. In this section, perspectives and prospects on
sustainable tourism, including green economy, circular economy, trans-
formative power of sustainability, and water-energy-food nexus, are
illustrated.

6.1. Transition to a green economy from tourism business approaches

The movement of tourism industry toward sustainability implies
significant changes in the modes of conventional tourism. For instance,
it should involve growth and improvements in niche areas focused on
natural, cultural and social resources. There is a trade-off between the
monetary benefits accruing from economic activities (e.g., tax revenues
and employment) and ecosystem-service benefits (e.g., wildlife and
clean water for recreation). In other words, the essential targets of im-
provement should include the economic (e.g., net tourism revenues),
environment (e.g., biodiversity), and social (e.g., access to tourism) as-
pects. Fig. 8 illustrates a green economy model incorporated with inte-
grated sustainable infrastructures for ecotourism development. The
contribution of tourism sectors to the SDGs should be evaluated from
a multidisciplinary approach to simultaneously addressing climate
change and other priorities such as poverty alleviation and a green
economy. It is also imperative to integrate SCP patterns in tourism re-
lated policies and frameworks. By making tourism businesses more sus-
tainable, it could provide green growth, create green jobs, increase
benefits to local communities, and raise public awareness to support
SCP patterns. Tourism can provide another source of income in develop-
ing countries because it effectively transfers income from developed to
developing economies. The aforementioned considerations are entirely
related to the transition to a green economy system.

A successful transition of tourism to a green economy requires
sound policies and strategies, as well as specific local conditions
(e.g., regulation, institution, technology and financial) for success.
From a business perspective, re-structuring the tourism system toward
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low-carbon consumption must achieve the concept of eco-efficiency,
which combines two factors: (i) lowering GHG intensity of tourism
products and (ii) increasing profit margins. The term eco-efficiency rep-
resents the amount of energy used or pollution emitted to support one
unit of a given currency. Tourism sector should capitalize on the vast op-
portunities to combine emission reductions and economic revenues,
where involvement and engagement of tourism stakeholders are the
priorities to achieve a green economy. Furthermore, the tourism sector
should actively engage in the market of carbon offsets, and participate in
a variety of carbon standards and certification schemes, such as clean
development mechanism, social carbon, green e-climate, gold standard,
and verified carbon standard. Carbon off-setting in tourism sectors
could be an opportunity for developing countries to increase their eco-
nomic revenues. The aforementioned elements can provide critical
transition to a green economy.

6.2. Sustainable materials management (SMM) for a circular economy

Sustainable tourism plays an important role in accelerating green
economic growth, and also provides great opportunities for achieving
a CES. To effectively establish the CES, the concept of SMM should be ap-
plied in tourism industry to use and reuse materials (e.g., wastewater
and residues) more productively over their entire lifecycles. SMM is a

systematic approach to sustainably managing materials and products
throughout the entire life-cycle, e.g., from resource extraction,
manufacturing and consumption to end-of-life management. Opportu-
nities for “greening” the tourism sector are not only environmentally
sound, they also promise substantial businesses savings through effi-
cient resource management and sourcing local supplies, materials and
services. To accelerate the transition to a circular economy, an economy
that is restorative and regenerative by design for keeping resources at
the highest use and value throughout their life cycle should be devel-
oped. However, to spearhead the efficient use of natural resources
under the SMM framework, there is still a need for holistic planning,
strict impact assessments, and effective management in water-energy-
food nexus (particularly in regions of water scarcity). Good practices
of retrofitting existing structures, including improvement of building in-
sulation, replacement of fossil-fuel based equipment, and deployment
of renewable energy, should be supported.

6.3. Connection to water-energy-food (WEF) nexus

Population growth, increased energy and food needs, and economic
development exert increasing pressures on natural resources. Water,
energy and food (WEF) nexus is a critical issue to be considered in fu-
ture development of tourism sector, such as mitigation and adaptation
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strategies, and GHG emission calculations. Since the nexus term in the
context of water, energy and food (agriculture) implies these sectors
being inextricably related, tourism activities commonly have impacts
on the others, as well as on the environment and ecosystems. Aside
from the nexus between water and energy (as aforementioned in
Sections 2-3), for instance, tourist development is increasingly compet-
ing for water with the agricultural sector (nexus between water
and food). Due to the overuse of renewable water supplies
(e.g., underground water) and altered precipitation patterns caused by
climate change, water resources will decrease in many countries. Espe-
cially in small developing islands, the decrease in available water re-
sources will certainly affect tourism activities. Similarly, in the case of
small isolated islands or peripheral tourism destinations, food (agricul-
tural products) would be imported over greater distances, resulting
great impacts on global climate change and local economic develop-
ment. On the other hand, the amount of energy to produce food can
be significant (nexus between energy and food). These high costs
could make tourism business less profitable. Therefore, as the costs of
energy and food continue to rise, tourism sectors can resort producing
their own food (e.g., agritourism) or making more green options to
achieve the sustainability (Randle and Halter, 2013).

An inter-sectoral approach to managing the interlinked resources
can enhance water, energy and food security by increasing efficiency,
reducing trade-offs, building synergies and improving governance
across sectors. In other words, sustainable tourism should be incorpo-
rated with the concept of green energy supply, sustainable water man-
agement, and green agriculture to address the WEF nexus for better
informing decision-making regarding sustainable development. Fur-
thermore, research on links between sustainable tourism and the im-
pact of population growth is still limited. At the global scale,
population growth keeps increasing the intensity of tourism activities
and its impacts (Buckley, 2012). However, there is little evidence
whether tourism influences population, which should be one of the
key focuses in the future research.

6.4. Summary

Tourism industry is a dynamic system, where transformative change
depends on numerous factors such as the cultural adaptability of

various actors involved. Rather simply one type of tourism, sustainable
tourism represents a broad range of cross-disciplinary principles that
can be applied across the whole tourism sector. For instance, these sus-
tainability principles could include (i) optimization of water-energy-
food nexus, such as increasing use of renewable energy and consuming
less water, (ii) establishment of circular economy, such as minimizing
waste and converting wastes into valuable products, (iii) protection of
environment and ecological spheres, such as using biodegradable prod-
ucts for guests and conserving biodiversity, (iv) creation of culture
values, such as conserving cultural heritage and traditional values, and
supporting intercultural understanding and tolerance, and (v) greening
tourism business, such as generating local income, integrating local com-
munities with a view to improving livelihoods and reducing poverty, and
enabling tourism businesses to make long term investments.

7. Conclusions

The transformation of tourism toward sustainability and a green
economy demands a cross-disciplinary approach to implementation,
such as integrative (international, national and local) policies, invest-
ments in innovative technologies, strong partnerships between govern-
ments and tourism firms, and promotion of green practices
(e.g., efficient use of energy and water, and integrated waste manage-
ment). Incorporation with environmental education to enhance public
awareness also would facilitate the transformation. One of the future re-
search on sustainable tourism should focus on assessment of policy and
sector investment measures and feedback systems that control corpo-
rate and tourist behaviors by using generalized rules. Regarding the in-
novative technologies for tourism, hybrid renewable energy system,
i.e., combining two or more renewable energy sources that work in
standalone or grid connected mode, should be considered. This should
be incorporated with the modeling, analysis, control and management
strategies for implementation and optimization of renewable energy.
The renewable energy system also can be linked to the development
of public transport system. To achieve the sustainable mobility for tour-
ism, it is imperative to upgrade the existing public transportation and
introduce green vehicles such as electric or hybrid cars. Also, a carbon
tax could be imposed on self-drive tourists to ensure energetic develop-
ment of the green public transport system. On the other hand, the smart
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technology, such as WSNs and IoT, have promisingly provided great op-
portunities for the rapid development of renewable energy, public
transport and tourism activity. It also changed the vision of scientists
studying the earth and environmental sciences, where they will face
the evaluation of huge amounts of data collected (i.e., big data analysis).
This would speed up the transformation of an integrated approach to
developing innovative methods and applying new advanced solutions
to scientific problems.
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