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Abstract: This paper proposes an interdisciplinary multi-level decision-making procedure
for supporting an ongoing process of rural development of Yanzhou Island (China).
A multi-methodological evaluation approach based on the combined use of different evaluation
tools has been developed in order to take into account the economic, social, environmental and
cultural aspects of the planning process. An experts’ panel has been involved in research since the
preliminary phases of the evaluation with the aim of helping the structuring of the decision problem
and discussing the outcomes of the analysis. The proposed approach allowed to understand the
potentials and weaknesses of the area and to design the most suitable solution for the case study
selected. The interdisciplinary nature of this process had given the opportunity to co-design and
re-define the master plan in line with the expressed priorities. The master plan of the new district
encourages landscape enhancement and promotes the economic development, proposing to grow
tourism activities and wellness facilities in a natural place.

Keywords: A’WOT; Multi-Criteria Analysis; SROI; natural system; social benefit;
sustainable development

1. Introduction

According to Costanza et al. [1,2], a well-established relationship exists between the land-use
change and the healthiness of the environment. In this context, the concept of ecosystem services
helps to understand the important role of natural systems for human societies; indeed, ecosystem
services refer to benefits produced, directly or indirectly, by natural systems [3–5] and they can be
also considered as indicators of healthiness and livability of an area. In 2001, the United Nations
Millennium Ecosystem Assessment Project divided them into four main groups: provisioning services,
regulating services, supporting services and cultural services [6].

Land use change strongly influences ecosystems properties and their services [7] and a
dramatic reduction of them has large and negative impacts on human well-being [6,8]. This is also
true for cultural services, where the modernization of ancient urban and rural structures affects
traditional identities.

In this sense, the valorization of natural areas and the preservation of the environment constitute
essential challenges in sustainable land-use planning and they are getting more and more important
in the political agenda. As it is well known, sustainable development is a multi-dimensional concept
and the evaluation is an interdisciplinary process that connects ecological, cultural and economic
disciplines, showing the impact on common resources. In fact, it has been generally agreed that when

Sustainability 2019, 11, 1076; doi:10.3390/su11041076 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0001-8983-2628
https://orcid.org/0000-0001-6447-3331
https://orcid.org/0000-0001-9504-0512
http://www.mdpi.com/2071-1050/11/4/1076?type=check_update&version=1
http://dx.doi.org/10.3390/su11041076
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 1076 2 of 19

dealing with sustainability issues, neither an economic reductionism nor an ecological one is possible.
Since in general, economic sustainability has an ecological cost and ecological sustainability has an
economic cost, integrated frameworks are needed to cope with these issues [9].

In this paper, we present an integrated multi-methodological approach for supporting the
decision-making process in the development of the Yanzhou Island (Dinghu District, Zhaoqing,
China). Since 2010, the Zhaoqing New Area has undergone a considerable urban expansion, but the
island remains almost untouched by radical transformation.

This paper starts from the research carried out in the project: “A design strategy for the
redevelopment of the Yangzhou Island in the Zhaoqing New Area, Guangdong Province” that has
been developed within the frame of the South China-Turin Collaboration Lab and CeNTO Project at
the Politecnico di Torino (Italy). Indeed, in recent years a close collaboration between the Politecnico
di Torino and Chinese institutional actors has been structured, thanks to targeted internationalization
policies by the University, with the aim of conducting common research activities. Collaborations
are mature and consolidated in the field of architecture, and urban and territorial projects have
been developed by proposing new activities and developing new mechanisms of project consulting.
In particular, the selection of the case study stems from a real need expressed by the Zhaoqing New
Area Administration for the definition of a concept plan for the redevelopment of the Yanzhou Island.

According to local government, the aim of the master plan is to consider Yanzhou Island a place
mainly dedicated to leisure, tourism and wellness, enhancing local culture and natural environment
(Figure 1).
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It is precisely the reflection on the new tourist models and the recovery of rural villages that has
led the Zhaoqing New Area Administration to investigate innovative approaches for the development
of the Yangzhou Island. This planning approach is in line with some recent experiences of developing
rural villages located on the edge of urban areas—Yuanqian in Xiamen, Zhouzhuang in Hangzhou and
Xiabei in Donguang—which promote a new type of urbanization that is attentive to existing conditions
and can generate social and economic benefits, trying to respect the culture and local identities [10–12].

In this framework, the proposed multi-methodological approach defines problems and challenges
for the territory, evaluates alternative strategies to solve them and proposes guidelines and
recommendations for the general master plan development.

2. Multi-Methodological Approach

The main objective of the research is to create a model capable of supporting the decision-making
process for the definition of a new “rural” development on the Yanzhou Island. Three possible
alternative scenarios will be analysed from the point of view of the multiplicity of values and objectives
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through a comparative evaluation based on a multi-methodological approach that integrates several
evaluation tools [13–15].

In particular, the first step of the evaluation considers the application of the A’WOT method [16],
a hybrid tool that combines two common techniques used in decision analysis, namely the AHP
(Analytic Hierarchy Process) and the SWOT (Strengths, Weaknesses, Opportunities and Threats)
analysis. The connection allows to analytically determine the priorities of the SWOT factors in order to
make them commensurable and to use them in the evaluation of the alternative project scenarios.

In the second phase, the best performing scenario defined in the first step is analysed from the
financial point of view in order to test the feasibility of the project through a Discounted Cash Flow
Analysis [17].

In the third and last step, the evaluation model investigates the socio-economic benefits produced
by the scenario under examination, assessing ecosystem impacts caused by the redevelopment of the
area and economic effects generated by the new functions assumed in the project through the Social
Return on Investment (SROI) analysis [18].

2.1. A’WOT

The acronym SWOT stands for Strengths, Weaknesses, Opportunities and Threats and this analysis
is based on a logic procedure that allows the data and information of a specific problem to be collected
in order to organize the decision-making process [19].

With specific reference to the context of territorial projects, the aim of the analysis consists of the
definition of the possible development scenarios for an area, which are derived from the valorisation of
strengths and the mitigation of weaknesses, in light of the opportunities and threats which could occur.
The analysis distinguishes between endogenous factors of the process, that represent the internal
variables, such as strengths and weaknesses, and exogenous factors, that are external from the system,
such as opportunities and threats.

It has been recognized that the SWOT analysis can offer the possibility of developing a deep
knowledge on the territorial and socio-economic context under investigation that can be useful
to address the design strategies. However, it can be stated that the method lacks in offering the
opportunity of appraising, in a comprehensive way, the decision-making situation because results
are in the form of qualitative statements that cannot be summarised in indexes. With the aim of
overcoming the aforementioned disadvantages, an integration of the SWOT with a decision analysis
tool named AHP (Analytic Hierarchy Process) has been proposed with the name of A’WOT [16]. In the
A’WOT method, SWOT analysis is made more analytical by giving numerical rates to the SWOT
factors through the integration with the Analytic Hierarchy Process (AHP) [20] and its eigenvalue
calculation technique. This integration provides analytically determined numerical priorities for the
SWOT factors and make them commensurable. Moreover, in the A’WOT method the alternative
options can be evaluated according to the SWOT elements and they can be prioritized with reference
to their global performance.

As stated by Kurtilla et al. [16], the A’WOT method can be developed according to the
subsequent steps:

1. To carry out the SWOT analysis.

The first step consists in the organization of the standard SWOT matrix where the relevant
elements of the analysis are represented. For the application of the AHP method, the number of
elements in each group should be smaller than 10 [20].

2. To develop the pairwise comparisons between the SWOT elements within each SWOT group.

In this step, the elements belonging to each SWOT group are compared and the questions are of
the type: “Which of these two elements provide a greater strength (or opportunity, weakness, threat)?
And to what extent?”. The relative importance values are provided in a 1–9 point scale where the value
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1 indicates that the two elements are equally important and the value 9 indicates that one element
is extremely more important than the other one. Through these comparisons, the priorities of the
elements are computed by means of the eigenvector method.

3. To develop the pairwise comparisons between the SWOT groups.

The four SWOT groups are compared and the questions are of the type: “Which of the two groups
is more important for the overall objective of the evaluation? And to what extent?”. Again in this case,
the priorities of the groups are calculated using the eigenvector method. Finally, the global priorities
of the SWOT elements are computed by multiplying the local priorities of the elements defined in Step
2 with the priorities of the related SWOT group defined in the present step.

4. To evaluate the alternative options.

Within the A’WOT framework alternative strategies can be evaluated with reference to the
SWOT factors.

Many applications of the A’WOT method exist in the literature especially in the domain of
forest [16] and natural management resource [21,22], while the researches in the field of environmental
and territorial planning are more limited [23–25].

2.2. Discounted Cash Flow Analysis (DCFA)

The Discounted Cash Flow Analysis (DCFA) is a very well-known method for the feasibility
assessment of a project [17]. The method is based on the identification of the full range of costs
and incomes of the project in order to allow the investor to be aware if minimum objectives will
be achievable.

In particular, this technique is used to derive economic and financial performance criteria for
investment projects [26] in the form of synthetic and easy to interpret indicators that allow the Decision
Maker to understand if the project should be accepted or rejected. The most used project performance
criteria are the Net Present Value (NPV, as shown in Equation (1)) and the Internal Rate of Return (IRR,
as shown in Equation (2)).

NPV =
N

∑
t=o

B(f)
t − C(f)

t

(1 + r)t (1)

N

∑
t=o

B(f)
t − C(f)

t

(1 + r)t = 0 =⇒ r = IRR (2)

In Equations (1) and (2), B( f )
t are the financial benefits in the year t, C( f )

t are the financial costs
in the year t, N is the number of years considered in the evaluation and r is the discount rate. In our
application, a discount rate of 3% was applied. Moreover, with reference to Equation (1), it is important
to highlight that, if the NPV = 0 (i.e., the discounted benefits are equal to the discounted costs),
we should be indifferent in the decision whether to accept or reject the project; if instead the NPV > 0
(i.e., the discounted benefits are larger than the discounted costs), we should accept the project; finally,
if the NPV < 0 (i.e., the discounted benefits are smaller than the discounted costs), we should reject
the project. With reference to Equation (2), mention should be made to the fact that IRR measures the
return on invested capital.

2.3. Social Return on Investment (SROI)

The methodology of SROI (Social Return on Investment) aims at measuring changes that a certain
project or policy is likely to produce on the whole community [18]. These changes are evaluated by
social, environmental and economic outcomes that are estimated using monetary values. The method
enables a ratio of benefits to costs to be calculated.
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The SROI technique is a very recent implementation of existing evaluation approaches in the
context of project, plans and programs and it is based on social accounting and Cost-Benefit Analysis
(CBA) [27]. CBA is an economic valuation method for comparing costs and benefits of different project
options along their lifetime [28]. By valuing all the impacts into monetary units and discounting them
at a specific year, the method allows to screen or to rank alternatives by specific performance indicators,
such as the SROI.

In the case of the present research, the SROI method has been implemented for investigating the
socio-economic impacts of the best performing solution emerging from the application of the A’WOT
and DCFA.

In particular, the method can be developed according to the following process:

1. Definition of costs and benefits.
2. Selection of the estimation method for measuring all costs and benefits.
3. Distribution of costs and benefits over the life of the investment.
4. Conversion of all costs and benefits into a common currency.
5. Discount costs and benefits into present value.
6. Calculate the SROI using the formula reported in Equation (3):

SROI =
∑N

t=0
B(e)

t
(1+r)t

∑N
t=0

C(e)
t

(1+r)t

(3)

where B(e)
t is the value of benefits for a period t, C(e)

t is the value of costs for a period t, r is the social
discount rate, N is the number of periods [17].

3. Case Study: Application of Multi-Criteria Approach to Yanzhou Island Development

3.1. Description of the Area

The case study focuses on the context of Yanzhou Island, situated in Dinghu District, in the new
urban area of Zhaoqing (south of China). It is the biggest island of the Pearl River (Figure 2) and it
remains almost untouched by the process of rapid urbanization of the Pearl River Delta Economic
Zone (PRDEZ). The Zhaoqing area is commonly known in China for tourism: residents of other cities
of the PRDEZ area usually come there for weekend excursions, especially for visiting the architectural
heritage and the historical walls of Zhaoqing [29] (Table 1).

Table 1. Socio-economic information (2017 reporting year).

Zhaoqing Guangdong China

Area 14,891 km2 a 179,800 km2 b 9,597,000 km2 d

Population 4.11 million a 111.69 million c 1386 billion e

Gross domestic product (GDP) 220.06 billion RMB a

(32.60 billion USD)
8970.52 billion RMB c

(1331.19 billion USD)
82,075.43 billion RMB e

(12,250.39 billion USD)

Industrial structure (% of GDP)

Primary sector 14.8% a 4.1% c 7.6% e

Secondary sector 46.9% a 42.6% c 40.5% e

Tertiary sector 38.3% a 53.3% c 51.9% e

GDP per capita 53,674 RMB a

(7951 USD)
81,089 RMB c

(12,010 USD)
59,201 RMB e

(8836 USD)

Value of export 22.23 billion RMB a

(3.29 billion USD)
3775.35 billion RMB c

(557.1 billion USD)
15,342.89 billion RMB e

(2263.33 billion USD)

Value of import 13.57 billion RMB a

(2.03 billion USD)
2318.08 billion RMB c

(343.2 billion USD)
12,479.95 billion RMB e

(1841.89 billion USD)

Note: a [30]; b [31]; c [32]; d [33]; e [34].
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Zhaoqing is located in the central-western part of the Guangdong province, one of the most
densely populated provinces with the largest absolute population in China. In the last three
decades, the Chinese province of Guangdong has achieved a rapid and profound urbanization and
industrialization, transforming a purely agricultural reality into a more modern industrial economy
(Table 1). Guangdong is in first place for the value of GDP (Gross Domestic Product) and for the value
of foreign trade reaching a percentage equal to 10.8% of the total national GDP in 2017 among the
Chinese provinces. A per capita GDP equal to 81,089 RMB (about 12,010 USD) well above the national
average (59,201 RMB) was recorded in 2017. The structure of the Guangdong economy is characterized
by the strong weight of the secondary sector, which contributes to 42.6% of the provincial GDP, and by
the dynamic and well-developed service sector, which represents a share of 53.3% of the provincial
GDP [35]. The value of the total trade of Guangdong was 62% of the export share and 38% of the import
quota. Zhaoqing is located right in the Pearl River Delta area where most of Guangdong’s industrial,
commercial and service settlements are concentrated [36,37]. The structure of the economy of Zhaoqing
is characterized by the secondary sector which, like the rest of the province, contributes about half
of the GDP (46.9%), and by the dynamic and well-developed service sector (38.3%). The primary
sector contributes to the remaining 14.8% of the city’s gross domestic product, with a value of gross
agricultural production greater than the national and provincial average. Zhaoqing’s Huaiji county
represents one of the primary grain production bases in the Guangdong province. According to the
Thirteenth Five-Year Plan for Economic and Social Development, a new consumption model based
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on “internet and agriculture” will be developed. More resources will be allocated in order to increase
online sales, evolving the territory into a modern agricultural demonstration area as well as a hub for
organic product transactions for the PRDEZ city cluster [38]. Zhaoqing has numerous historical sites
and scenic spots at the provincial level. In detail, the area is also home to the first nature reserve in
China in Dinghu Mountain, listed by UNESCO as an international biosphere reserve. The economy of
Zhaoqing has resisted the process of industrialization that involved the entire province of Guangdong
in favor of a traditional economy. In 2013, the city of Zhaoqing in fact requested the revision of
the “Historical and Cultural Protection Plan”. Following the National New-Type Urbanization Plan
(2014–2020), in 2015 the Culture, Radio, Press and Publications Bureau published a plan characterized
by a wider vision of the territory with the aim of showing the city as an important cultural center,
emphasizing the quality instead of the quantity and the speed of urbanization processes [39].

With an area of around 6 km2 (4 km long and 1.5 wide), the Yanzhou island presents a rich and
complex ecosystem, with its ancient villages, temples, rural areas and wetlands. It is a great ecological
and environmental value for the Dinghu area, because it is the second natural area, following the
Dinghu Mountains, close to the city. Yanzhou Island is placed 18 km from the Zhaoqing city centre and
80 km from Guangzhou city. The island landscape is composed by a rural village, located along the
perimeter, agricultural fields (mainly crops of banana, papaya and mango trees) and aquaculture ponds,
located in the middle of the island. Ancient villages are almost abandoned because only 1000 habitants
of 3000 habitants registered as residents really live there, as they mostly spend their daily activities in
the city of Zhaoqing. The external riverside is periodically flooded: the island presents a surrounding
river bank almost fragmented, wetlands and small woods, particularly in the west coast. A widespread
network of pedestrian paths, that extends in the central part across fields and ponds, connects the five
villages around the Yanzhou island. The main ferry dock for naval transport, that connects the island
with the Guangli Residential District, is located on the north coast, close to villages.

3.2. Selection of the Strategy by Means of an A’WOT

To rank and evaluate the most suitable scenario for the Yanzhou Island according to potentials
and weaknesses, a hybrid A’SWOT approach is designed. The method assesses a set of alternative
scenarios with respect to the criteria from a SWOT analysis. The A’WOT analysis consists of four-step
evaluation procedure, as described in Section 2 (Figure 3).
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3.2.1. SWOT Analysis Framework

In the framework of SWOT matrix, specific and different focus groups with multidisciplinary
experts were performed to individuate positive and negative factors affecting Island development,
of both internal and external origin. An expert team was constituted of hydro-geology, ecosystem
and economic researchers in order to obtain an overall point of view of positive and negative features
of alternative projects. Consequently, a SWOT matrix has been created as the result of the group
perspective on the item, rather than on a single-subjective perspective.
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Individuated factors have been grouped in six major criteria, defined during focus groups, that can
be briefly described as follows:

• Hydraulic aspects: these aspects are essential in the area under study;
• Nature and vegetation: the presence of spontaneous vegetation as well the flooding areas are of

relevance for the consequences and the implications that can be generated;
• Socio-economic system: this aspect is closely related to the economic evaluation, and it is based on

the principle that increasing the life quality will positively affect the economic value of the area;
• Settlement system: it is related to the population that lives in the island;
• Cultural heritage: the presence of historical buildings has been considered as a tool to identify

strategies to improve some needs based on sustainable tourism. The cultural themes play a key
role in the planning process;

• Mobility: transport network as well as eco-mobility are elements that characterise the area where
human being and environmental aspects must be present at the same time.

Starting from the aforementioned aspects, 24 specific key indicators derived from the expert panel
have been defined and grouped in the categories of Strengths, Opportunities, Weaknesses and Threats
to produce a matrix useful to support the planning procedure and to analyse alternative strategies of
Yanzhou Island (Figure 4).
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3.2.2. Description of Alternative Strategies

The context analysis and the holistic diagnosis implemented through the SWOT analysis, allowed
to define three different sub-systems to develop the master plan concept, namely: the agricultural park,
the infrastructural ring and the soft perimeter. These three sub-systems are the core of the master plan.
The aim is to preserve the local traditional culture, to provide social benefits (attending to repopulate
the island) and to stimulate the creation of a sustainable local development. Three alternative strategies
are proposed that consider the enhancement of local community, cultural heritage and landscape value
(Figure 5).



Sustainability 2019, 11, 1076 9 of 19

Sustainability 2019, 11, x FOR PEER REVIEW 9 of 19 

• Strategy 1—“The Circle” is focused on the development of an infrastructural ring that 
surrounds the island's perimeter. Yanzhou Island presents a discontinuous embankment and 
strategy 1 suggests to strengthen it, building a continuous infrastructural ring that connects the 
island's villages with public transport, at the same time providing flooding protection. The aim 
is also to create comfortable public spaces and new tourist facilities.  

• Strategy 2—“The Line” is focused on the development of internal mobility network, that 
connects the Eastern and Western parts, enhancing the agricultural and fish farming activities. 
This strategy proposes to design new walking paths, bike lanes and sports facilities to connect 
different villages. 

• Strategy 3—“The Docks” is focused on designing new docks to create new connections with the 
mainland and to enhance the ferry transport to circumnavigate the island.  

These three strategies have been evaluated to identify which of them is the best solution for the 
master plan. 

 

Figure 5. Three strategies for the master plan development. 

3.2.3. Evaluation of Strategies Priorities by A’WOT 

The SWOT method was integrated with a multi-criteria AHP analysis that allowed one to 
organize and to weigh factors according to a hierarchy of criteria and sub-criteria to determine the 
importance of the attributes [40]. 

For the factors’ evaluation, the Expertchoice software (http://www.expertchoice.com/) was 
used. The elements of SWOT analysis were compared in pairs to each other in order to determine 
judgments of importance. According to the A’WOT method illustrated in Section 2.1, a focus group 
comprising experts in ecosystem services, hydraulics, territorial planning and urban economics was 
composed to perform pairs comparisons and determine the hierarchies of the criteria taken into 
consideration in the SWOT analysis. In light of the judgments expressed in the pairwise comparison, 
it is possible to calculate the weights of the groups S, W, O, T and the factors in each group through 
AHP. The final A’WOT priorities emerging from the focus group are reported in Table 2. 

As it is possible to see from the SWOT priorities in Table 2, the experts considered as a key 
factor the valorization of the Opportunities (O) for the transformation of the island (0.477 of priority 
in Table 2), while the Strengths (S), Weaknesses (W) and the Threats (T) categories have been given 
less importance (priorities equal to 0.174, 0.08 and 0.27, respectively). As far as the specific elements 
are concerned, the experts attached great importance to “Excavation of the bank for creation of new 
docks” and “Construction of new services for the local population” factors in the Opportunities 
category (0.114 and 0.113 of priority, respectively). 

Once the individual sub-factors established in the SWOT analysis were weighed with expert 
advice, the three alternative master plan scenarios were rated. Each scenario has been evaluated 
with respect to its performance with reference to each element of the SWOT analysis using a 0–1 
points scale where the value 0.2 indicates a very bad performance, the value 0.4 a low performance, 
0.6 a moderate performance, 0.8 a high performance and 1 a very high performance. It should be 
noticed that as far as Strength and Opportunity elements are considered, a high score of the 
alternative means that the project is able to maximize the S/O elements, while as far as the Weakness 

Figure 5. Three strategies for the master plan development.

More in detail, they can be described as follows:

• Strategy 1—“The Circle” is focused on the development of an infrastructural ring that surrounds
the island’s perimeter. Yanzhou Island presents a discontinuous embankment and strategy 1
suggests to strengthen it, building a continuous infrastructural ring that connects the island’s
villages with public transport, at the same time providing flooding protection. The aim is also to
create comfortable public spaces and new tourist facilities.

• Strategy 2—“The Line” is focused on the development of internal mobility network, that connects
the Eastern and Western parts, enhancing the agricultural and fish farming activities. This strategy
proposes to design new walking paths, bike lanes and sports facilities to connect different villages.

• Strategy 3—“The Docks” is focused on designing new docks to create new connections with the
mainland and to enhance the ferry transport to circumnavigate the island.

These three strategies have been evaluated to identify which of them is the best solution for the
master plan.

3.2.3. Evaluation of Strategies Priorities by A’WOT

The SWOT method was integrated with a multi-criteria AHP analysis that allowed one to organize
and to weigh factors according to a hierarchy of criteria and sub-criteria to determine the importance
of the attributes [40].

For the factors’ evaluation, the Expertchoice software (http://www.expertchoice.com/) was used.
The elements of SWOT analysis were compared in pairs to each other in order to determine judgments
of importance. According to the A’WOT method illustrated in Section 2.1, a focus group comprising
experts in ecosystem services, hydraulics, territorial planning and urban economics was composed to
perform pairs comparisons and determine the hierarchies of the criteria taken into consideration in
the SWOT analysis. In light of the judgments expressed in the pairwise comparison, it is possible to
calculate the weights of the groups S, W, O, T and the factors in each group through AHP. The final
A’WOT priorities emerging from the focus group are reported in Table 2.

As it is possible to see from the SWOT priorities in Table 2, the experts considered as a key factor
the valorization of the Opportunities (O) for the transformation of the island (0.477 of priority in
Table 2), while the Strengths (S), Weaknesses (W) and the Threats (T) categories have been given less
importance (priorities equal to 0.174, 0.08 and 0.27, respectively). As far as the specific elements are
concerned, the experts attached great importance to “Excavation of the bank for creation of new docks”
and “Construction of new services for the local population” factors in the Opportunities category
(0.114 and 0.113 of priority, respectively).

http://www.expertchoice.com/
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Table 2. SWOT factors, strategies scores, SWOT priorities, and A’WOT partial and final rankings.

Strategy 1
Score

Strategy 2
Score

Strategy 3
Score

A’WOT
Priorities

Strategy 1
A’WOT

Evaluation

Strategy 2
A’WOT

Evaluation

Strategy 3
A’WOT

Evaluation
Strengths 0.174
Existence of docks in the
Northern part of the island 0.6 0.4 0.8 0.007 0.004 0.003 0.006

Presence of spontaneous
vegetation 1 0.4 0.4 0.042 0.042 0.017 0.017

Presence of floodable areas 1 0.4 0.4 0.022 0.022 0.009 0.009
Presence of inhabitants 0.6 0.6 0.6 0.004 0.002 0.002 0.002
Conservation of the rural
system 0.8 0.6 0.6 0.029 0.023 0.017 0.017

Closeness to the city of
Zhaoqing 0.4 0.8 0.4 0.008 0.003 0.006 0.003

Existence of buildings with
high historical value 0.6 0.6 0.6 0.018 0.011 0.011 0.011

Presence of a main road
around the island 1 0.2 0.2 0.008 0.008 0.002 0.002

Presence of minor roads and
paths 0.2 1 0.6 0.012 0.002 0.012 0.007

Strengths partial ranking 0.117 0.079 0.074
Opportunities 0.477
Valorization of river
transports 0.4 0.6 0.8 0.015 0.006 0.009 0.012

Excavation of the bank for
creation of new docks 0.2 0.6 1 0.114 0.023 0.068 0.114

Valorization of the
fish-farming activities 0.8 0.8 0.4 0.008 0.006 0.006 0.003

Protection of floodable areas 1 0.6 0.2 0.037 0.037 0.022 0.007
Increase in tourist presences 0.4 0.6 0.6 0.013 0.005 0.008 0.008
Construction of new services
for the local population 0.6 0.6 0.4 0.113 0.068 0.068 0.045

Generation of social benefits
and increase in quality of life 0.6 0.8 0.8 0.060 0.036 0.048 0.048

Closeness to the New Town
under development 1 0.2 0.2 0.075 0.075 0.015 0.015

Synergies with the Unesco
site of the Zhaoqing historic
walls and with other historic
sites in the area

0.8 0.8 0.8 0.028 0.022 0.022 0.022

Valorisation of soft transport
network and eco-mobility 0.6 0.8 0.2 0.044 0.026 0.035 0.009

Implementation of a system
of internal canals 0.4 1 0.4 0.097 0.039 0.097 0.039

Construction of a new
heliport 1 0.4 0.4 0.015 0.015 0.006 0.006

Opportunities partial
ranking 0.358 0.404 0.328

Weaknesses 0.080
Low water quality 0.4 0.4 0.4 0.002 0.001 0.001 0.001
Presence of flooding in the
Southern part of the island 0.4 0.4 0.4 0.002 0.001 0.001 0.001

Poor knowledge of the
characteristics of soil and
vegetation

0.4 0.4 0.4 0.014 0.006 0.006 0.006

Absence of farming
diversification 0.4 0.4 0.4 0.003 0.001 0.001 0.001

Presence of abandoned
buildings and infrastructures 0.4 0.4 0.4 0.010 0.004 0.004 0.004

Lack of cultural and
economic exchanges 0.4 0.6 0.4 0.005 0.002 0.003 0.002

Lack of transport connections
East/West 0.2 1 0.2 0.019 0.004 0.019 0.004
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Table 2. Cont.

Strategy 1
Score

Strategy 2
Score

Strategy 3
Score

A’WOT
Priorities

Strategy 1
A’WOT

Evaluation

Strategy 2
A’WOT

Evaluation

Strategy 3
A’WOT

Evaluation
Weakness partial ranking 0.019 0.035 0.019
Threats 0.270
Uncorrected functioning of
the floodgates system 0.8 0.4 0.4 0.007 0.006 0.003 0.003

Uncontrolled development
and damage to natural
heritage

1 0.4 0.2 0.064 0.064 0.026 0.013

Presence of mass tourism 0.8 0.6 0.2 0.022 0.018 0.013 0.004
Depopulation of the island 0.8 0.4 0.4 0.034 0.027 0.014 0.014
Loss of cultural heritage and
historical memories 0.6 0.6 0.6 0.004 0.002 0.002 0.002

Traffic congestion 0.8 0.4 0.8 0.008 0.006 0.003 0.006
Loss of navigability of the
river 0.4 0.4 0.4 0.022 0.009 0.009 0.009

Limited use of the airport
due to flooding 0.8 0.2 0.2 0.012 0.010 0.002 0.002

Threats partial ranking 0.142 0.072 0.053
A’WOT final ranking 0.636 0.590 0.474

Once the individual sub-factors established in the SWOT analysis were weighed with expert
advice, the three alternative master plan scenarios were rated. Each scenario has been evaluated with
respect to its performance with reference to each element of the SWOT analysis using a 0–1 points scale
where the value 0.2 indicates a very bad performance, the value 0.4 a low performance, 0.6 a moderate
performance, 0.8 a high performance and 1 a very high performance. It should be noticed that as far
as Strength and Opportunity elements are considered, a high score of the alternative means that the
project is able to maximize the S/O elements, while as far as the Weakness and Threats elements are
considered, a high score of the alternative indicates the project is able to minimize the W/T elements.
The total score of each strategy is determined by summing the partial scores of each group of factors,
obtained by multiplying the performance score of the strategy with reference to each SWOT element
by the corresponding priority as resulting from the A’WOT evaluation.

According to the results of the evaluation, it is possible to state that Strategy 1 (“The Circle”)
is the best performing solution for the master plan (priority of 0.636) followed by Strategy 2 (0.590)
and Strategy 3 (0.474). For each strategy, the analysis of the individual sub-factors that characterize
the specific scenarios makes it possible to identify top and flop elements. This evaluation is useful
for identifying the elements to be improved in order to strengthen the preferred strategy by limiting
the negative aspects and enhance the positive ones. From the Opportunities point of view, the best
scenario is Strategy 2 (score 0.404), while Strategy 1 is second (score 0.358). This means that there
are sub-factors in the category of Opportunities that Strategy 1 does not fully capture with respect
to Strategy 2. For example, Strategy 1 reaches low scores for “Excavation of the bank for creation of
new docks” or “Implementation of a system of internal canals” compared to Strategy 2. In this sense,
Strategy 1 should reinforce these design aspects to fill gaps that characterize it. Also from the point
of view of Weaknesses, Strategy 2 (score 0.035) turns out to be the best. Also in this case, Strategy 1
should reinforce some aspects such as “Lack of transport connections East/West”.

The overall results of the A’WOT evaluation can be also observed by referring to Figure 6 where
the four quadrants indicate the SWOT categories and the x and y axis indicate the priorities as resulting
from the A’WOT evaluation. In particular, Strength and Opportunity scores are indicated in the second
and first quadrants of the diagram, respectively, whereas Weakness and Threat scores are indicated in
the third and fourth quadrants of the diagram, respectively. The length of the lines in the different
quadrants puts in evidence that Opportunities predominate in the decision process while Strengths,
Weaknesses and Threats are less crucial. The points represent instead the position of the strategies
in relation to the A’WOT score obtained by multiplying the performance of each strategy against a
specific element by the sector weight of the element determined by the A’WOT evaluation.
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As an example, the priority of Strategy 1 with reference of the Opportunities category was
estimated to be equal to 0.358. This score is reported in the diagram of Figure 6 for representing the
numerical performance of Strategy 1 with reference to the Opportunities category. Analogously, all of
the other points for representing the strategies on the A’WOT diagram have been considered.

By the union of points representing the strategies, it is possible to draw an area that indicates how
much the strategy in question matches the SWOT factors. The graphic representation of the results
of the A’WOT analysis confirms that the defensible scenario is number 1. As shown in the figure,
the ring development (Strategy 1) gets the highest priority in S and T groups. Strategy 2 reaches the
first position in O and W groups, while the second one in S and W.

3.3. Analysis of the Financial Performance of the Project

The preferred Strategy 1 was analysed from the financial point of view in order to test the financial
feasibility of the project through a Discounted Cash Flow Analysis (DCFA) [17]. The development
planning has been decomposed into six parts characterized by specific functions. The six areas of the
project were combined in five alternative scenarios and analysed from the point of view of financial
feasibility considering the costs of operation and the related incomes. The description of specific
functions of the six areas is given in Table 3 while Figure 7 provides the location of the areas within the
master plan.
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Table 3. Description of functional vocation of the master plan areas.

Area Functions

1

Residences, offices, commercial activities and hotels are sited. A high proportion of
infrastructures and public spaces is planned in this part of the island. Furthermore, in
the area there are historical buildings that are reclaimed and recovered. A dock that
allows connection with the city of Zhaoqing is designed.

2

In this part of island, the highest level of built density is planned. The construction of
new residences and the refurbishment of existing ones is proposed. Recreational
functions, such as wellness centres, and receptive and commercial activities are
designed in the area.

3
A total functional vocation to structures dedicated to recreational activities is provided.
This portion represents an important centre where there are mainly spa and wellness
facilities.

4 In this area, a dock is planned to allow connection with the mainland. Housing,
recreational facilities and commercial activities are planned.

5 In this area, less dense development is expected, mainly characterized by private
residences and sports facilities.

6 The area is characterized by public spaces that are combined with housing, commercial,
recreational and receptive facilities.
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Figure 7. Master plan splitting up in different functional areas.

The six areas were combined in five scenarios according to different development timelines and
evaluated from the financial point of view (Figure 8). Scenario 1 provides that all areas are developed
subsequently. Scenario 2 assumes the realization of areas 1, 2, 3 and 4, not considering the development
in the southern part of the island. Scenario 3 focuses mainly on developing the part to the west of the
island including areas 1, 2 and 6. In Scenario 4, it was assumed that development would enhance the
part to the west, south and east of the island acting on areas 1, 4, 5 and 6 and ensuring two docks that
allow the connection with the mainland. The fifth scenario envisages the development of all areas,
except area number 3, which is mainly characterized by recreational functions and financed by private
investors. According to the development master plan timeline, the five scenarios were evaluated by
the DCFA.
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Figure 8. Timeline master plan scenarios development.

With reference to the input of DCFA model, the unitary construction costs were estimated
according to a synthetic approach (RMB, Chinese currency) and they were obtained from specific
manuals where the unitary construction costs of different works are shown. As far as the incomes
are considered, the market price of the residential areas and of the commercial and offices areas were
defined according to specific sources of data related to the local real estate market. Table 4 details all
the cost and income items considered in the evaluation.

Table 4. Critical variables for the estimation.

Value/Cost

Costs
New residence building 5746 RMB/m2

New office 4517 RMB/m2

New commercial facilities 4529 RMB/m2

New hotel 3734 RMB/m2

New sport facilities 2606 RMB/m2

New wellness centers 3734 RMB/m2

Refurbishment residence building 3140 RMB/m2

Historical place restoration 3140 RMB/m2

Streets 368 RMB/m2

Docks 3642 RMB/m2

Public space (square, open, market, etc.) 232 RMB/m2

Incomes
New residence building 16,068 RMB/m2

New office 13,284 RMB/m2

New commercial facilities 13,284 RMB/m2

New hotel 8461 RMB/m2

New wellness centres 7528 RMB/m2

Refurbishment residence building 16,068 RMB/m2

Other Costs
Management costs for hotel and wellness 50–60% on revenues
Ordinary maintenance costs 5% on construction costs
Extraordinary maintenance costs 10% on construction costs
Selling costs 2% on sales
Discount rate 3%

As shown in Table 4, the cost of the land is not included in the evaluation as we assumed that
the public part of the operation will grant the land. Revenues were assumed to include income
from entrances to wellness facilities and the sale of hotel rooms. In the part of costs, the annual
management costs related to recreational wellness facilities have been considered. The economic
profitability indicators by using cash flow estimations rank the five considered scenarios (Table 5).
The financial analysis identifies Scenario 5 as the most favourite. Scenario 5 does not consider area
3 in the master plan’s development phases. As mentioned above, area 3 is mainly characterized by
recreational functions that do not guarantee an immediate economic return on investment. Scenario
1, which intends to develop the entire project, reaches second place given the presence of area 3 that
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reduces revenues. Scenarios 2 and 3 reach the third and fourth position, respectively. Scenario 4 is
positioned at the last place as it does not reach an appropriate financial return excluding the area 2,
which provides for the more substantial intervention of the master plan. Despite the scenario that
reaches the maximum profitability of the project is number 5, it was decided to prefer Scenario 1,
while being slightly less profitable than Scenario 5, it envisages the development of the whole project.
By including area 3 in the project we want to emphasize the vocation of the master plan for recreational
purposes related to wellness.

Table 5. Net Present Value (NPV) results for the alternative scenarios.

Scenario Ranking According to NPV Results

1 II
2 III
3 IV
4 V
5 I

3.4. Socio-Economic and Environmental Return of the Operation

With the aim of promoting the Island’s development, the paper investigates the socio-economic
benefits related to the operation with reference to Scenario 1. The external benefits considered in
the analysis refer to the new jobs generated by the planned recreational activities and the added
ecosystem value thanks to the reclamation and redevelopment of the area [41,42]. As far as job creation
is considered, a documentary research was undertaken to summarize information available on the
number of direct jobs resulting from employment in the hypothesized facilities.

Starting from the analysis of the literature, a number of new jobs created for each specific task
has been hypothesized and estimated from a monetary point of view (Table 6). With reference to
environmental benefits created by the master plan, the reclamation of the central part of the island,
and the strengthening of areas dedicated to agriculture and planting of medicinal plants have been
considered for the evaluation. In particular, the typical impacts of ecosystem services generated by the
reclamation processes of agricultural areas and the return of local ecosystem goods and services are
included in the socio-economic analysis and are estimated considering the work of Costanza et al. [1],
which provides the monetary evaluation of the annual value of ecosystem services (Table 6). Once the
incoming cash flow related to the social benefits linked to new jobs and the increase of the quality of
life generated by the ecosystem services was assessed in the economic analysis, the SROI indicator for
Scenario 1 was calculated. The SROI ratio is equal to 1.7 that means that every RMB invested yields
1.7 RMB of socio-economic benefits.

Table 6. Estimation of the benefits delivered by the project.

Facility Number of New Jobs
[No.]

Average Monthly Wage
for Worker

[RMB/Month]
Annual Wage [RMB]

Hotel 40 a

2020

969,600
Wellness 100 b 2,424,000

Retail 80 c 1,939,200
Dock 40 d 969,600

Annual benefit for new job 260 - 6,302,400

Ecosystem Surface [ha] Annual benefit
[RMB/ha] Annual benefit [RMB]

Agriculture 149 681 101,469
Wetland 42 108,946 4,466,786

Annual benefit for
ecosystem services 4,568,255

Total annual benefit 10,870,655

Note: a five new jobs for each hotel; b 20 workers for each wellness facility; c two workers for every 500 square
meters of retail area; d 20 workers for each dock.
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4. Conclusions and Future Perspective

This study was undertaken to set a decision framework for the design and evaluation of a suitable
development master plan for Yanzhou Island (China). This paper presented an evaluation model able
to frame with methodological rigor the project for the enhancement of natural heritage to the urban
and landscape scale with a social, economic and cultural view. The master plan concept lays on the
generation of an economic system and local development based on the valorization of the landscape
according to local cultural approaches [43,44]. Firstly, three alternative strategies were compared by
the hybrid A’WOT analysis, in order to identify the most suitable project according to potentials and
weakness. Once the most suitable master plan strategy was selected, the DCFA and the calculation of
the SROI have been developed in order to assess the financial feasibility and socio-economic impacts
of the operation. Mention has to be made to the fact that the results of the evaluation should be
interpreted as preliminary and rough materials that could offer a starting point for more specific and
deeper analysis.

One of the main strengths of the present work is related to the fact that the evaluation framework
proposed in the paper is not shown as a black box that answers questions but as a useful tool for
supporting planners in the design process. Indeed, the evaluation process was conceived under a
constructive approach [45] which is based on a strong interaction among Decision Makers, experts
and analysts and it is able to stimulate a mutual learning process and to reach a consensus solution.
Moreover, in the present case, the application of a multi-methodological approach with the involvement
of stakeholders also ensured the transparency of the design process, to prevent it from being the result
of a top-down planning process [46,47]. Despite the positive results attained in the study, there are
several opportunities for expanding the research. Firstly, preliminary estimates for the appraisal of costs
and economic benefits, and parametric estimates for environmental assets include weaknesses related
to the generalizability of the assessment, the consistency and the accuracy of the evaluations. In this
sense, more accurate estimates would be necessary for the evaluation of financial and socio-economic
variables for a more advanced planning phase. Secondly, the inclusion of other indirect benefits from
territorial development projects could generate a complete view of the impacts of the operation [48,49].
Thirdly, the combination of SWOT with other multi-criteria analysis methods could generate new
models to support the decision and to improve the consensus building, which would allow the
inclusion of other criteria evaluation scales [22,50]. Fourthly, the integration of decision framework
model with GIS (Geographic Information System) technology would facilitate planning decisions at
regional scale, through spatial and interactive representations of suitability problems [51,52]. Finally,
future work could be developed for the design of the alternative solutions considered in the research.
Indeed, the design of alternatives is an essential part of decision making that has been less studied
in theory and practice compared to alternatives’ evaluation. In this sense, there is a need for better
investigating the use of formal approaches to support the design of alternatives solutions for complex
decision-making processes, making use of more sophisticated methods such as Conjoint Analysis,
Choice Experiments and other specific design methods (see for example [53]).
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