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In comparison with coastal zones, islands are even more vulnerable to anthropogenic disturbance, especially to
tourism and tourism-induced activities. Despite a great number of studies on either island tourism or island
vulnerability reviewed in this paper, knowledge and practice of the impact from tourism upon island ecological
vulnerability (IEV) still needs to be expanded. In this contribution, the IEV of four administrative regions in
Zhoushan, China is assessed between 2012 and 2017 based on an “exposure (E)-sensitivity (S)-adaptive capacity
(A)” framework and by means of coupling coordination degree modeling (CCDM) for determination of the
overall development level of E-S-A subsystems in each region. The assessment results show that: (1) An index
system consisting of 1 objective, 3 sub-objectives, 7 elements, and 20 indicators can be established and tested to
reﬂect the IEV to tourism; (2) As the most attractive tourist destinations, Shengsi and Putuo inevitably have the
highest IEV values; (3) Dinghai’s moderate low level of IEV comes as a surprise, due to its direct connectivity to
its neighboring coastal city of Ningbo; (4) The more balanced the coupling coordination degree (CCD) values
among E-S-A subsystems are, the higher the IEV values in the four tourist destinations of Zhoushan. In conclusion, tourism can be a double-edged sword for islands, the overall beneﬁts of which outweigh the negative
impacts upon island ecological conditions.

1. Introduction
Anthropogenic disturbance associated with climate change is considered to be an increasing menace to global coastal zones (Bigano
et al., 2008; Nguyen et al., 2016). In comparison with large amounts of
well-documented and profound studies on climate-induced impacts on
coastal zones, inclusive of temperature rise (Preston et al., 2008), sealevel rise (Abuodha and Woodroﬀe, 2010; Nicholls and Cazenave, 2010;
Torresan et al., 2008), and natural hazards (Mahendra et al., 2011;
Saxena et al., 2013; Gallina et al., 2016; Sahoo and Bhaskaran, 2018),
academic research on anthropogenic disturbance in this area thus far
has yielded less signiﬁcant results. Nevertheless, anthropogenic factors,
such as urbanization (Li et al., 2018, 2017, 2016), population agglomeration (Adger and Vincent, 2005; Neumann et al., 2015) and
tourism (Hall, 2001; Davenport and Davenport, 2006; Moreno and
Becken, 2009), have been detrimental to the coastal inhabitants, the
impact of which is exacerbated by climate change due to intensive
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aggregated human activity. This phenomenon has attracted academic
interests in indicator-based vulnerability assessment of anthropogenic
impacts on coastal zones seen from social, economic, ecological and
geological angles (Mclaughlin et al., 2002; Mclaughlin and Cooper,
2010; Yoo et al., 2011, 2014).
Among the above-mentioned anthropogenic disturbance, tourism is
prerequisite to coastal zone development. For this reason, it has also
received substantial recognition from many international agencies who
have conducted assessments and utilized corresponding results as
standards for setting institutional priorities. For example, the
Intergovernmental Panel on Climate Change (IPCC) has strengthened
the position of tourism in its Fifth Assessment Report (IPCC, 2014),
particularly with respect to the recognition of transboundary impacts,
adaptation, vulnerability, and mitigation (Scott et al., 2015). As an
indispensable part of coastal zones, islands have been eﬀective incubators and testing grounds for the sound extrapolation of coastal
tourism in recent years. In comparison with coastal zones, islands are
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have been the top priority for authors, accounting for nearly 70% of the
articles listed in Appendix A. In relation to the social dimension of island vulnerability, the literature emphasizes the integral role that institutions and governance play in determining island system’s ability to
adapt to climate change and natural disasters (Briguglio et al., 2009;
Farhan and Lim, 2013; Birk, 2014; Sjöstedt and Povitkina, 2017). Other
literature focuses on a wide variety of social issues, mainly demography
(Barrientos, 2010; Martins et al. 2012; Duvat et al., 2017; Jackson et al.,
2017), private sector resources (Becken et al., 2014; Fakhruddin et al.,
2015), and housing (Boruﬀ and Cutter, 2007). The economic dimension
is always discussed in conjunction with environmental issues in the
listed literature. The authors highlight the interaction between economic factors and environmental indicators (Guillaumont, 2010; Julca
and Paddison, 2010; McCubbin et al., 2015) in the context of island
vulnerability, while literature solely on economics focuses on island’s
economic vulnerability to climate change and natural disasters
(Adrianto and Matsuda, 2002, 2004). Secondly, the topographic vulnerability of islands is extensively analyzed with a selection of islands
in Asia (Al-Jeneid et al., 2008; Sahana et al., 2019), North America
(Maio et al., 2012), and SIDS (Turvey, 2007), in which geographical
information systems integrated with remote sensing and geo-processing
approaches are widely employed to gauge topographic and geographic
changes. Thirdly, more recently, ecological indexes have emerged to
quantify island vulnerability to anthropogenic disturbance based on
IPCC’s typology (McCarthy et al., 2001) suggesting that vulnerability
can be characterized as a function of three components: exposure,
sensitivity, and adaptive capacity. As the number of island studies on
ecological vulnerability assessment is expanding, Chinese scholars who
contribute to it are at the vanguard, engaging in the “Exposure-Sensitivity-Adaptive capacity” (E-S-A) framework. Chi et al. (2017) applied
this E-S-A framework to establish a composite index system consisting
of demographic, topographic, economic, and ecological indicators and
to analyze island vulnerability to human activity in Miaodao Archipelago of China. Xie et al. (2019) further explored IEV to urbanization in
the Zhoushan Archipelago and set a threshold of tourists in Zhujiajian
Island of Zhoushan. Sun et al. (2019) assessed the IEV of eighteen towns
and townships in Chongming Island and analyzed the overlap between
IEV distribution and eco-urbanization projects in Chongming.

even more vulnerable to anthropogenic disturbance, especially tourism
and tourism-induced activities. With respect to tourism, island destinations around the world are stuck in an age-old dilemma. On the one
hand, insular factors, such as exoticism, aestheticism and diversity of
natural habitats, have long been the major contributors that have never
failed to allure the tourists. Consequently, tourism has furnished island
communities and its inhabitants with signiﬁcant economic beneﬁts
(Fabinyi, 2008; Abecasis et al., 2013). On the other hand, tourism-induced negative impacts have simultaneously made islands more susceptible to environmental, societal and cultural perturbations due to
islands’ limited area, vulnerability to ecological change, and economic
dependence (Benitez-Capistros et al., 2014; Chi et al., 2017).
1.1. The importance of island tourism
In the context of island tourism, proof of the signiﬁcant academic
interest is the existence of numerous scientiﬁc works published in this
speciﬁc ﬁeld. Literature reviews of island tourism by many researchers
(Lim and Cooper, 2009; Parra-López and Martínez-González, 2018)
indicate that sustainable development of island tourism in the last
decade goes hand in hand with determinant analysis and vulnerability
assessment of ecological systems. Firstly, in terms of determinant analysis, several sets of socio-economic-environmental indicator indices
have been established to guide and strengthen sustainable island
tourism. Reddy (2008) analyzed the “bottom-up” sustainable tourism
rapid indicator framework, aiming to ameliorate the ways of moving
tourism practices towards sustainable tourism in the less-developed
Andaman and Nicobar Islands of India. Yang et al. (2016) identiﬁed
social and economic factors as endogenous determinants of change in
Dachangshan Island of Northeast China. Moghal and O’Connell (2018)
examined the multiple stressors inﬂuencing vulnerability in a small
island tourism-destination community in Barbados. Secondly, tourism
is supposed to impose negative eﬀects on a certain range of insular
ecological systems to accommodate tourists ﬂocking to islands and
upholding a high proﬁle in the global tourist industry. The idea of socioecological systems has only recently been employed in examining island
tourism relations, especially in the Chinese insular context, including
Liuqiu Island (Chen et al., 2017a) and Zhoushan Archipelago (Chen
et al., 2017b; Gu, 2017). Thirdly, islands are inherently regarded as
vulnerable to external disturbance, and therefore a bunch of studies
have investigated the level of vulnerability of islands to tourism. Economic vulnerability of Small Island Developing States (SIDS) has long
been emphasized in the ﬁeld of political economy (Scheyvens and
Momsen, 2008). In the vulnerability assessment of Asian islands to
tourism from both ecological and spatial viewpoints, innovative
methods and vulnerability assessment systems were adopted, such as
the choice experiment method (Chen, 2019), the Small Islands Vulnerability Index (Kurniawan et al., 2016) and the Sustainable Ecotourism Indicator System (Ng et al., 2017), to evaluate their vulnerability status.

1.3. The research gap and our contribution
Despite the intensive studies into island tourism and island vulnerability reviewed above, knowledge and practice of the impact from
tourism upon island ecological vulnerability still needs to be expanded.
On the one hand, although the negative impacts associated with island
tourism have apparently haunted policy-makers and the tourism industry for years, tourism, among other industries, has been more sustainable as it brings tangible beneﬁts for island communities
(Kaltenborn et al., 2012), helps protect nature and environment on islands and revitalizes the insular economy through seasonal and restorative use of the local labor force and local resources (Nicely and
Palakurthi, 2012; Sharpley and Ussi, 2014). On the other hand, island
vulnerability to climate change and natural disasters has been the focus
of study in the literature, while few studies, however, have addressed
island vulnerability to anthropogenic disturbance. What appears to be
missing is an island ecological vulnerability-oriented research with a
focus on anthropogenic disturbance, especially tourism. This paper
aims to ﬁll this gap.
It attempts to assess the extent to which island ecological vulnerability is aﬀected by tourism. Thus, the contribution of this paper is
three-fold. Firstly, it reviews literature on island vulnerability since
2000 in order to fathom the research gap. Secondly, based on our
previous research article (Sun et al., 2019), an IEV assessment model to
tourism is established to gauge the impact of tourism on island vulnerability. Thirdly, it provides both qualitative and quantitative results
for policy-makers to leverage resources across ﬁnancial, ecological,

1.2. The evolution of the study on island vulnerability assessment
Innate insular qualities, such as remoteness, limited resources, high
economic dependency and susceptibility to climate change and natural
disasters, have aggravated island vulnerability to both climatic hazards
and anthropogenic disturbance. The twenty ﬁrst century has even
witnessed an increasing research interest in island vulnerability assessment. The scientiﬁc literature (Appendix A) provides an appropriate
and representative, though not exhaustive, coverage of global island
vulnerability assessments since 2000, in which a systematic method/
index/framework and the corresponding indicators have been utilized
to quantify island vulnerability.
It should be pointed out that studies on island vulnerability assessment in the new century are intimately connected to the following
three dimensions. Firstly, socio-economic-environmental dimensions
2
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environmental, industrial departments in the future planning of tourism
in island areas.
The remainder of this paper will proceed as follows: Section 2
presents a general geographic, demographic, and tourism development
of our study area, Zhoushan of China. Section 3 introduces our conceptual framework, research materials and methods. It elucidates the
methodological approach to IPCC’s vulnerability assessment, in which
the E-S-A framework is embedded and an indicator system of IEV model
is also constructed. Section 4 analyzes the results derived from the E-SA framework and the distributional ecological vulnerability of
Zhoushan. Section 5 discusses some fundamental issues behind the
technocratic approach and data analysis. Section 6 concludes and
highlights the major ﬁndings and research limitations.

Table 1
Land area, population, and population density in districts/counties of Zhoushan
(2017).
Region
Total
Dinghai District
Putuo District
Daishan County
Shengsi County

Land area
(sq.km)
1459
574
462
326
97

Year-end resident
population
971,500
394,000
319,300
181,900
76,200

Population density
(persons/sq.km)
666
686
691
558
785

Source: Zhoushan Statistical Bureau (2018).

of Tianjin, and Liangjiang of Chongqing) and the ﬁrst New Area with a
marine economy theme. Both marine tourism and an ecological island
are highlighted in this New Area development project. Transportation
in Zhoushan has been improved signiﬁcantly in the last decade, especially after the opening of Zhoushan Trans-Oceanic Bridges in 2009, an
indispensable component of the Yongzhou Expressway (numbered
G9211 in the National Trunk Highway System), which consists of ﬁve
consecutive bridges connecting Zhoushan to Zhenhai District of Ningbo
in mainland China. These ﬁve bridges are Jintang Bridge, Xihoumen
Bridge, Taoyaomen Bridge, Xiangjiaomen Bridge and Zhujiajian Strait
Bridge (Fig. 2). In the far North of Zhoushan, Donghai Bridge, another
mega cross-sea bridge, connects the oﬀshore Yangshan Deep-Water Port
in Yangshan Town of Zhoushan’s Shengsi County with mainland
Shanghai’s Pudong New Area. Albeit named after Mt. Putuo, Zhoushan
Putuoshan Airport is located on Zhujiajian Island.
Traditionally Zhoushan had been heavily dependent on the primary
industry, especially ﬁshing. Nowadays with the development of the
secondary and tertiary industries, Zhoushan’s economic base has been
largely diversiﬁed and tourism has grown to be one of the major contributors to local economic output. Zhoushan is surrounded by a
coastline of 2444 km and has an abundance of marine resources and
places of interest, landscape forms and tourism resources. It is famous
for two national level key scenic areas (Mount Putuo and the Shengsi
Islands) and two provincial level key scenic areas (Taohua Island and
Daishan) (see Fig. 2). Overall, the tourism sector has contributed to
12% of Gross Domestic Product (GDP) for Zhoushan. From 2012 to

2. Study area
Zhoushan (29°32′–31°04′N and 121°30′–123°25′E) is a prefecturelevel city in northeastern Zhejiang Province in eastern China. It consists
of an archipelago of islands at the southern mouth of Hangzhou Bay, oﬀ
Ningbo, and is always praised to be the “backyard garden” of the
Yangtze River Delta. Covering a total administrative area of
22,200 km2, Zhoushan includes 20,800 km2 of marine territory, but
only 1459 km2 of land area. It administrates 2 districts (Dinghai and
Putuo) and 2 counties (Daishan and Shengsi) (Fig. 1), with Dinghai
District as its administrative center and largest settlement, and hosts a
resident population of 971,500 and a population density of 666 persons/km2 at the end of 2017 (Table 1).
With reference to this study, three aspects are critical for the choice
of Zhoushan as a destination case study: (1) the area comprises four
administrative island districts or counties, which are considered to be
vulnerable to human activities, particularly tourism-related ones; (2)
tourism is a major economic driver for the whole region; and (3) despite
mega cross-sea bridge projects linking Zhoushan with mainland Ningbo
of Zhejiang Province, perceptions concerning the region still refer to the
notion of the speciﬁc qualities associated with islands.
In July 2011, Zhoushan was selected as Zhoushan Archipelago New
Area, approved by the State Council of China’s Central Government as
the fourth state-level new area (following Pudong of Shanghai, Binhai

Fig. 1. Geographic location of the Zhoushan.
Source: Qiu et al., 2017
3
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Fig. 2. Zhoushan’s Trans-Oceanic Bridges and major places of interests. Source: Google Maps and Zhoushan Tourist Committee (2018).
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Fig. 3. Zhoushan’s tourism income contributed by four administrative regions from 2012 to 2017. .
Source:Zhoushan Statistical Bureau (2018)

other hospitality services provided for individuals or groups traveling to
island destinations. Thus, assessing the IEV to tourism demands a clear
conceptual framework (Fig. 4) in which various indicators can be
identiﬁed and quantiﬁed to reﬂect the status quo of island vulnerability.

2017, the number of tourists increased by a startling 98.7% from
27,710,200 to 55,071,600, while revenue from tourism even tripled
from RMB 26.68 billion to RMB 80.67 billion (see Fig. 3).

3. Conceptual framework, materials and methods
3.1. Conceptual framework

3.2. Methods

Since IPCC’s climate change vulnerability assessment, in which the
E-S-A framework is embedded, has been practically modiﬁed and applied to researching ecological vulnerability in China’s site-speciﬁc islands (Chi et al., 2017; Xie et al., 2019; Sun et al., 2019), the present
paper continues to utilize the E-S-A framework as a follow-up study to
our previous work on ecological vulnerability of China’s islands to
anthropogenic disturbance (Sun et al., 2019). Consequently, we hold a
ﬁrm belief in the reasons why the E-S-A framework was adopted and
follow the same assumptions as we proposed in our previous work.
In the present paper, island tourism mainly refers to the tourist
population shift from the mainland (both domestic and foreign) to island destinations, and the tourism income incurred in a collection of
activities, services and industries which deliver a travel experience and

The application of the conceptual framework for an assessment of
ecological vulnerability to tourism in an island area requires the establishment of an indicator system that reﬂects both ecological indicators and island tourism statistics. In comparison with our previous
work in Chongming Island (Sun et al., 2019), an indicator system
comprising 1 objective, 3 sub-objective, 7 elements, and 20 indicators is
constructed for the case study of Zhoushan (Table 2). The ultimate
value of IEV for each district or county is derived from Eqs. (1) and (2):

Potential impact = E + S

(1)

where E and S are the values of objective index-Exposure and Sensitivity,

Fig. 4. Conceptual framework of island ecological vulnerability.
5
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Table 2
Indicator system of IEV model for Zhoushan.
Objective layer
IEV

Exposure

Element layer
B1 Anthropogenic disturbance

B2 Natural pressure
Sensitivity

B3 Ecosystem sensitivity
B4 Demographic sensitivity

Adaptive Capacity

B5 Social support

B6 Tourism development

B7 Environmental conservation

Indicator layer/type
C1 Population density (+)
C2 Energy consumption per unit of GDP (+)
C3 Road density (+)
C4 Industrial gaseous waste discharge (+)
C5 Industrial solid waste discharge (+)
C6 Industrial wastewater discharge (+)
C7 Disaster inﬂuence (+)
C8 Island area change rate (+)
C9 Sea water quality (−)
C10 Tourist density (+)
C11 Ratio of tourists to locals (+)
C12 Ratio of peak month tourists to low month tourists (+)
C13 Expected investment ratio of tourism key construction project (+)
C14 Number of medical beds per 100 inhabitants (+)
C15 Proportion of tertiary industries (+)
C16 Tourism income (+)
C17 Tourism income growth rate (+)
C18 Tourism contribution to GDP (+)
C19 Forest coverage (+)
C20 Urban green coverage (+)

Note: The indicators can be divided into positive indicators (+) and negative indicators (−) according to their properties. The greater the positive indicators are, the
better the results are, while the negative indicators denote the opposite.

IEV =

Potential impact
1+A

Chan-hom, which tracked across Zhoushan on July 11th 2015 (Fig. 5b).
The typhoon’s trajectory is derived from the typhoon track forecast
system (http://typhoon.zjwater.gov.cn/default.aspx). The precipitation
and wind speed data are obtained from the authors’ personal communication with authorities at the Zhoushan Meteorological Bureau. The
ultimate value of Disaster inﬂuence is derived from Eq. (3), which is
developed by Zhu et al. (2017):

(2)

where IEV and A are the values of island ecological vulnerability (IEV)
and objective index—Adaptive Capacity respectively.
3.2.1. Indicator selection
Exposure includes two elements: Anthropogenic disturbance and
Natural pressure. Anthropogenic disturbance is composed of Local population density, Energy consumption per unit of GDP, Road density,
and Industrial waste discharge, which are extensively used in ecosystem
assessment. Disaster inﬂuence and Island area change rate denotes
Natural pressure.
Sensitivity is deduced from Ecosystem sensitivity and Tourism
sensitivity. Sea water quality signiﬁes Ecosystem sensitivity, while
Tourism sensitivity is composed of Tourist density, Ratio of tourists to
locals, and Ratio of peak month tourists to low month tourists. These
tourism indicators are emphasized in a bunch of sustainable tourism
development studies (Reddy, 2008; Blancas et al., 2010; BanosGonzález et al., 2015).
Adaptive capacity refers to the ability of social, tourist and environmental elements to deal with the impact of island tourism.
Expected investment ratio of tourism key construction project, Number
of medical beds per 100 inhabitants, and Proportion of tertiary industries are selected to signify social support; Tourism income, Tourism
income growth rate, and Tourism contribution to GDP are highlighted
to reﬂect Tourism development; Forest coverage and Urban green
coverage are chosen to denote Environmental conservation.

I = 0.78x + 0.43y

(3)

where I is the comprehensive index of typhoon precipitation and wind
speed; x and y are the standardized maximum precipitation and the
maximum wind speed, respectively.
4. Results
After clarifying the conceptual framework for assessing Zhoushan’s
ecological vulnerability to tourism, presenting the geographic, demographic, and tourism development of Zhoushan, and; thus, depicting
detailed methods of indicator collection and data acquisition, we now
analyze the assessment results of Zhoushan from 2012 to 2017 in a
temporal evolution.
4.1. Ecological exposure
Fig. 6 summarizes the standardized values of ecological exposure for
each district or county in Zhoushan from 2012 to 2017, which reﬂects
the temporal evolution of their ecological exposure. As observed in
Fig. 6, Typhoon Haikui of 2012 and Chan-hom of 2015 severely aggravated the ecological exposure in Dinghai, elevating the latter’s exposure degree from a moderate level in 2013, 2014, 2016 and 2017 to a
high level in 2012 and 2015. As the seat of Zhoushan municipal government and the most populous region, Dinghai usually bears much of
the brunt for high anthropogenic disturbance, especially in the indicators of Energy consumption per unit of GDP and Industrial waste
discharge. It is surprising that, as the most popular region for tourism,
Putuo maintained a moderate low to moderate level of exposure
throughout the observation years, due largely to its low Industrial
gaseous waste and solid waste discharge. Nevertheless, it is worth
noting that since 2014 the amounts of Industrial gaseous waste, solid
waste and wastewater discharge in Putuo have surpassed those of its
counterpart in Dinghai, which became a group of negative impact indicators on Putuo’s exposure degree in the following observation years.

3.2.2. Data acquisition
Data sources mainly include Zhoushan Statistical Yearbook (2018);
Statistical Yearbook of Dinghai District (2018), Putuo District (2018),
Daishan County (2018) and Shengsi County (2018); and Zhoushan
Tourist Committee (2018). Data are collected for the years 2012–2017
to reﬂect the temporal evolutions and impact of tourism on island
vulnerability.
This paper takes the data of year 2011 as the base when calculating
the change rate of each variable. Before processing the raw data, we
utilize the entropy weight method and related equations developed in
our previous work (Sun et al., 2019) to standardize the indicators.
Disaster inﬂuence is the maximum precipitation and the maximum
wind speed during the trajectories of the typhoon Haikui, which tracked
to the south of Zhoushan on August 8th 2012 (Fig. 5a), and the typhoon
6
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Fig. 5. Disaster inﬂuence.

region in Zhoushan in the time frame 2012–2017. The low level of
tourism sensitivity in Dinghai and Daishan predetermined its corresponding potential impact.

Cradled in the arms of Dinghai, Daishan sits in a geographically secure
location, which to a certain extent helps explain why it has maintained
low levels of exposure degree during the observation years. As an
emerging tourist destination, Shengsi has been incurred moderate high
to high levels of exposure degree. On the one hand, despite a small local
population, it possesses the heaviest population density among
Zhoushan throughout 2012 to 2017. On the other hand, intensive land
reclamation has increased the Island area change rate in Shengsi, dramatically exacerbating its exposure levels.

4.3. Potential impact
The combination of ecological exposure and sensitivity deﬁnes the
degree of potential impact. Fig. 9 presents the potential impact of each
region in Zhoushan on the aggregate of ecological exposure and sensitivity. It may come as a surprise that Shengsi topped the list of potential impact with moderate high levels to high levels in 2013, 2014,
2016 and 2017, due largely to its great Island area change rate and
moderate high level of Tourism sensitivity. Putuo only topped the list
with moderate high and high levels in the year 2012 and 2015 respectively, when Typhoon Haikui and Chan-hom struck Zhoushan and
inﬂicted much greater Disaster inﬂuence in Putuo than in Shengsi.
Regardless of Disaster inﬂuence, Shengsi has taken the lead in the aggregate of ecological exposure and sensitivity during the observation
years. In comparison, the degree of potential impact in Dinghai and
Daishan has been moderate low to low level, with a large deviation
from that of Putuo and Shengsi in its single value.

4.2. Ecological sensitivity
As shown in Fig. 7, the sensitivity of the four regions in Zhoushan
demonstrates a signiﬁcant diﬀerences, with high levels for Putuo,
moderate high levels for Shengsi, and low levels for Dinghai and
Daishan. Since Sea water quality was practically constant in our study,
Tourism sensitivity determined the overall sensitivity degree. As the
most famous tourist attraction in Zhoushan, Putuo’s Tourist density has
increased 92.5% from 36,883 persons/km2 in 2012 to 70,996 persons/
km2 in 2017, with an average annual growth rate of 18.5%. Its Ratio of
tourists to locals has also skyrocketed 95.7% from 52.5 in 2012 to 102.7
in 2017, with an even greater average annual growth rate of 19.1%.
Putuo’s top position on these two indicators made it much more sensitive to tourism. Shengsi’s Tourist density and Ratio of tourists to locals
have been ranked second in Zhoushan in the period 2012–2017, while
its Ratio of peak month tourists to low month tourists has topped the list
during the observation years, both of which have contributed to its
moderate high level of ecological sensitivity.
As a compound element consisting of Tourist density, Ratio of
tourists to locals, and Ratio of peak month tourists to low month
tourists, Tourism sensitivity in our framework has undoubtedly had a
tremendous eﬀect on potential impact of ecological vulnerability. Fig. 8
presents the single-value of the Tourism sensitivity index for each

4.4. Adaptive capacity
A higher adaptive capacity signiﬁes a higher resilience to counteract
potential impact, thus leading to a lower ecological vulnerability.
Fig. 10 presents the adaptive capacity of the four regions in Zhoushan,
demonstrating obvious diﬀerences, with an annual moderate high level
in Dinghai (0.73) and Putuo (0.7), an annual moderate low level in
Shengsi (0.4), and an annual low level in Daishan (0.08). In single value
of Adaptive capacity, Dinghai and Putuo topped the list alternately,
with Dinghai coming out on top in 2012, 2013, and 2015, and Putuo in
2014, 2016 and 2017. Given that Social support and Environmental
7
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Fig. 6. Ecological exposure of Zhoushan in the period 2012–2017.

conservation ﬂuctuated narrowly during the observation years,
Tourism deﬁned Adaptive capacity to a large extent. Putuo’s revenue
from tourism has increased by 126.2% from RMB 15 billion in 2012 to
RMB 33.9 billion in 2017, with an average annual growth rate of
25.2%, signiﬁcantly enhancing its adaptive capacity. As the seat of
Zhoushan, Dinghai received the largest proportion of investment in
tourism key construction projects, performing more headquarters
function to provide tourism service and accommodate tourists than
tourism function to attract tourists.
Fig. 11 presents the single-value for Tourism development for each
region in Zhoushan in the period 2012–2017. Since 2013, Shengsi has
surpassed Dinghai in the performance of Tourism development and
sustained a compelling momentum in the following observation years.
In comparison with Dinghai, Putuo and Shengsi, Daishan’s overall
Tourism development seems almost negligible.

by Disaster inﬂuence, Typhoon Chan-hom, which, exerted less ecological impact on Daishan and Shengsi. The IEV of Daishan has been at a
low level range during the observation years. The IEV of Shengsi has
been on the rise and reached its peak in 2017 (Fig. 13).
It is surprising that Shengsi was the most vulnerable region in
Zhoushan, though its sheer remoteness should have allowed it to be
virtually immune to anthropogenic disturbance, especially tourism. As
a ﬂedgling and burgeoning tourist destination in Zhoushan, Shengsi has
maintained a moderate high level of ecological vulnerability to tourism
in the years 2012–2017, which may be explicated as follows. Firstly, its
high local population density and intensive land reclamation have
seriously exacerbated its exposure. Secondly, its sensitivity has been
greatly elevated by its second largest Tourist density (annual average of
43,083 persons/km2) and Ratio of tourists to locals (annual average of
534 times), as well as even the largest Ratio of peak month tourists to
low month tourists (annual average of 105 times). Thirdly, this region
has a moderate low level of adaptive capacity to neutralize its moderate
high level of potential impact.

4.5. Composite IEV of Zhoushan in the period 2012–2017
The assessment results of IEV in Zhoushan are shown in Fig. 12: 1)
the most vulnerable regions in Zhoushan are Shengsi and Putuo; 2)
Dinghai has the third highest vulnerability index; 3) Daishan is relatively resilient compared with the other regions. Shengsi topped the
composite IEV in Zhoushan, with an annual average value of 1.03
(moderate high), followed by Putuo with 0.83 (medium), Dinghai with
0.31 (moderate low), and Daishan with 0.21 (low). The IEV of Putuo
and Dinghai reached their respective summit in 2015, probably induced

4.6. Coupling relationship of E-S-A in Zhoushan in the period 2012–2017
Currently, coupling coordination degree modeling (CCDM) is extensively used to assess the coordination of a few coupling systems (Li
et al., 2012; He et al., 2017; Liu et al., 2018; Fan et al., 2019). However,
CCDM is rarely applied to three and multi-subsystems coupling. This
section evaluates the coordinated development degree among the triple
8
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Fig. 7. Ecological sensitivity of Zhoushan in the period 2012–2017.

where C is the coupling degree, whilst E, S and A are the comprehensive
levels of Exposure, Sensitivity and Adaptive capacity subsystems, respectively. D is the coupling coordination degree (CCD) and T reﬂects
the overall development level of E-S-A subsystems. α , β and γ represent
the contribution of each subsystem. This study assumes that each subsystem is equally important to the coordinated development of the E-S1
A subsystems. Thus, α = β = γ = 3 . According to the value of CCD, the
coordinated development level of E-S-A subsystems is divided into six
classes. The division of development stages is shown in Table 3.
As revealed in Fig. 14, the CCD among E-S-A subsystems in the four
regions of Zhoushan showed diﬀerent change trends in the period
2012–2017. The CCD values were all below 0.7. The coordinated development among E-S-A subsystems for Shengsi was at the level of
moderately balanced development after 2012 and that of Putuo was at
the level of barely balanced development except for 2015. The coordinated developments among E-S-A subsystems of Dinghai were at
the level of barely unbalanced development except for 2013 and 2014.
Daishan only reached the level of barely balanced development in 2012
and remained 0 in the following ﬁve years.
The above results show that the more balanced the CCD values are,
the higher the IEV values in the four tourist destinations of Zhoushan
(Fig. 15). The average CCD annual values in the four regions are 0.5964
(Shengsi), 0.5181 (Putuo), 0.2751 (Dinghai), and 0.0904 (Daishan)
respectively, the ranking of which corresponds with that of IEV in
Fig. 13. Shengsi’s moderately balanced development and Putuo’s barely

Fig. 8. Tourism sensitivity of Zhoushan in the period 2012–2017.

Exposure-Sensitivity-Adaptive capacity subsystems through CCDM.
Based on previous studies conducted by Sun and Cui (2018) and Xing
et al. (2019), the CCDM in our study is given in the following formula:
1
3

⎧E × S × A⎫
C=
,D=
⎨ E+S+A 3 ⎬
⎡
⎤
3
⎣
⎦
⎩
⎭

C × T and T = αE + βS + γA
(4)
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Fig. 9. Ecological potential impact of Zhoushan in the period 2012–2017.

April through mid-June and September through October) to manage
spatiotemporal separation of tourists by shunting peak season tourists,
an optimal scheme long echoed by Chinese scholars (Du et al., 2016;
Yao et al., 2016; Hu et al., 2018).
Putuo, the second most vulnerable region in Zhoushan, has a
medium level of exposure degree, but a high level of sensitivity degree
induced mainly by high sensitivity to tourism. Its top position in tourist
density and ratio of tourists to locals makes it extremely sensitive to
tourism. Owing to its moderate high level of adaptive capacity neutralizing its high potential impact, Putuo ranked second to Shengsi in
the IEV value. For Putuo, environmental policy should include enhancing pollution monitoring and accelerating the construction of an ecological civilization demonstration zone (a prominent ecological project
established and supervised by China’s Ministry of Ecology and
Environment). Tourism policy should give priority to capping tourists’
numbers in peak months (Xie et al., 2019) as well as upgrading local
tourism industry by providing high quality travel service experience,
including raising tourist travel cost and decreasing tourist density.
Dinghai has a moderate low level of IEV with a moderate low level
of potential impact and a moderate high level of adaptive capacity. The
major menace to its exposure is always derived from industrial waste
discharge and disaster inﬂuence, while its sensitivity to tourism is unexpectedly low. As the seat of Zhoushan government, Dinghai has received the most favorable social support in adaptive capacity, which
has partially oﬀset the negative impacts from anthropogenic

balanced development signify that intensiﬁed tourism development in
island areas has signiﬁcantly elevated its IEV values, aggravating its
vulnerability to tourism. Daishan’s seriously unbalanced development
indicates that it has considerable potential for becoming the next
booming island tourist destination in Zhoushan. Dinghai’s moderately
unbalanced development parallels its position in providing headquarters resources for tourism development in the other three islands.
5. Discussion
5.1. Policy implications
By means of radial graphs (Fig. 16), we discerned possible implications for each region to help local government develop appropriate
environmental and tourism policies. Shengsi, the most vulnerable region in Zhoushan, has a high level of exposure degree, exacerbated by
its high population density and intensive land reclamation. Concurrently, a moderate high level of ecological sensitivity incurred by
high tourist density and a higher ratio of tourists to locals contributes to
its highest potential impact among the four regions. Besides, a moderate
low level of capacity to adapt to the potential negative impacts further
elevates its composite IEV. To mitigate the ecological vulnerability in
Shengsi, environmental policy should prioritize undergoing ecological
restoration measures and preserving biodiversity, while tourism policy
should focus on promoting tourism in the shoulder season (roughly
10
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Fig. 10. Ecological adaptive capacity of Zhoushan in the period 2012–2017.

Daishan is least vulnerable among the four regions in Zhoushan by
virtue of its low level of compound ecological potential impact. Since its
ratio of peak month tourists to low month tourists has ﬂuctuated
slightly throughout the observation years, only its environmental
monitoring needs to be enhanced consistently. Diverse portfolios of
tourist products should be moderately encouraged to increase the income of local communities.
5.2. Trade-oﬀs of island tourism among E-S-A subsystems
The research results have shown that there is much space for improvement in the coordinated development of E-S-A subsystems to island tourism in these four regions in Zhoushan. On the whole, the coordinated development levels of E-S-A subsystems to island tourism
were moderately low and apparently diverse in the four regions.
Shengsi had the highest CCD value in most observation years but its
annual value was still below 0.6. Notwithstanding the low annual values, CCD levels in Shengsi and Putuo were signiﬁcantly higher than
those in Dinghai and Daishan. The result indicated that the impact of
island tourism on IEV was heterogeneous.
To some extent, this heterogeneity triggers a trade-oﬀ between the
tourism development in adaptive capacity subsystem and the tourism
sensitivity in sensitivity subsystem. On the one hand, tourism development has strengthened the local economy, especially in Shengsi and
Putuo, raising their respective adaptive capacity to tourism and oﬀsetting partial negative potential impact from ecological exposure and

Fig. 11. Tourism development of Zhoushan in the period 2012–2017.

disturbance and natural pressure. Given the circumstances, environmental policy should highlight the construction of environmental infrastructure such as wastewater treatment plants and renewable energy
plants, and the implementation of stricter pollution control regulations.
Tourism policy should serve to accentuate its function as headquarters
to provide tourism services and accommodate tourists, and a fast train
connection to neighboring metropolises.
11
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Fig. 12. Composite island ecological vulnerability assessment of Zhoushan in the period 2012–2017.

policy-makers need to acknowledge the more eﬃcient subsystem in E-SA and decide which of the subsystem indicators should be prioritized. It
is commonly believed that the enhancement of social support and environmental conservation should be a more direct option for policymakers to mitigate the composite IEV values. Besides, a tripartite set of
consistent top-down national-provincial-local plans in China’s circumstance could secure a more desirable blueprint for island ecological
sustainability (Ma et al., 2018).

5.3. The overlap between CCD and IEV temporal evolution

Fig. 13. Composite IEV evolution of Zhoushan in the period 2012–2017.

We claim that the CCDM can generate results that are both signiﬁcant and meaningful for Zhoushan’s future tourism development. As
a pilot and pioneering island city in China, it is imperative for Zhoushan
to explore the coupling relationship among E-S-A subsystems, and the
key factors inﬂuencing future sustainable and healthy tourism. To a
large extent, the result of CCD in our study period overlaps with the
composite IEV temporal evolution, especially for Shengsi and Putuo

sensitivity. On the other hand, tourists ﬂocking to destinations have
also elevated local tourist density and ratio of tourists to locals, aggravating local tourism sensitivity and anthropogenic disturbance. It is
rather tricky to get the best of both worlds: tourism-oriented income
and contribution to local GDP, and tourism-induced ecological sensitivity and environmental deterioration. Through trade-oﬀ analysis,

Table 3
Division of the development stages of E-S-A subsystems.
Value of D

0 ≤ D < 0.15

0.15 ≤ D < 0.3

0.3 ≤ D < 0.4

0.4 ≤ D < 0.55

0.55 ≤ D < 0.75

0.75 ≤ D < 1

Development stages

Seriously unbalanced

Moderately unbalanced

Barely unbalanced

Barely balanced

Moderately balanced

Favorably balanced
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(see Figs. 13 and 14). The results reveal that Zhoushan’s tourism development during this period has exerted constant and enormous
pressure on its ecological vulnerability. The more coordinated the CCD
values among E-S-A subsystems are, the higher the IEV values in the
four tourist destinations of Zhoushan.
The policy-makers in the tourism industry of Zhoushan appear not
to be in a quandary over whether to promote island tourism or not in
Zhoushan. Although Zhoushan’s burgeoning tourism industry during
the study period brings with it a number of negative ecological impacts
that aﬀect both the quality of life for local inhabitants and the quality of
tourism for inbound tourists, Zhoushan has unﬂinchingly pursued a
growth into path for tourism industry and compatibilized its tourism
development with National New Area project. Improved transportation
connectivity to neighboring coastal city Ningbo has greatly fueled its
accessibility for both domestic and international tourists. Nevertheless,
the ecological and environmental issues remain ﬁrmly entrenched in
the discourse on islands where tourism has become prominent (BanosGonzález et al., 2015; Qiu et al., 2017).

6. Conclusions
Ecological vulnerability, which provides a direct measurement of
exposure, sensitivity, and adaptive capacity, is an eﬀective and innovative tool that attempts to assess the vulnerability of a system from
an ecological perspective. In recent years, island ecological vulnerability (IEV) has rapidly taken ground as a tool for estimating and

Fig. 14. Coupling coordination degree of E-S-A subsystems in the four regions
in the period 2012–2017.

Fig. 15. Coupling coordination development of E-S-A subsystems in Zhoushan in the period 2012–2017.
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Fig. 16. Radial graphs of Element layer for each region in Zhoushan in the period 2012–2017.

model of the ecological vulnerability of Zhoushan has been elaborated
and calibrated for 2012–2017 period. Nevertheless, this model presents
some limitations. Since it has been developed employing a contextspeciﬁc approach, this model should be cautiously applied to the IEV
assessment for other worldwide islands with ﬁxed links to the mainland, such as Prince Edward Island of Canada linked by the
Confederation Bridge with mainland, and Bahrain Island linked by the
King Fahd Causeway with the Saudi Arabian mainland. However, the
need for problem-speciﬁc perspectives to deal with practical complexity
of socio-ecological systems is certainly encouraged (Jin et al., 2009;
Marín et al., 2012). Another limitation resides in the lack of a quantitative analysis of locally organized tourism activities and a qualitative
analysis of tourists’ behaviors, which are unequivocal priorities in future research on the interactive relations between island ecological
vulnerability and sustainable tourism development.

depicting the pressure upon island ecological conditions imposed by
anthropogenic disturbance, including urbanization (Sun et al., 2019)
and tourist activities (Xie et al., 2019). In our study, IEV can better
integrate the analysis of tourism development and its ecological impacts. Our study contributes to the growing literature that attempts to
identify island vulnerability by collecting and analyzing data from an
island city in China through an adapted E-S-A vulnerability framework,
which, consisting of 1 objective, 3 sub-objectives, 7 elements, and 20
indicators, is established and tested on the IEV of Zhoushan’s four administrative island regions to tourism.
The assessment results in Zhoushan indicate that, on the whole, the
four administrative island regions present distinctive levels of ecological vulnerability to tourism during the observation years, due largely
to their respective geographic locations and insular functions. Our
major ﬁndings are that: (1) As the most attractive tourist destinations,
Shengsi and Putuo inevitably have the highest IEV values. (2) Dinghai’s
moderate low level of IEV comes as a surprise, due to its direct connectivity to its neighboring coastal city of Ningbo. Dinghai hosts more
headquarter functions than actual tourism functions. (3) The more
balanced the CCD values among E-S-A subsystems are, the higher the
IEV values in the four tourist destinations of Zhoushan. Tourism appears a double-edged sword for islands, overall beneﬁts of which outweigh the negative impacts upon island ecological conditions in our
case study.
As contribution to the island vulnerability assessment, a dynamic
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