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Abstract: The elaboration of City Development Strategies (CDS) helps cities to harness the potential of
urbanization through strategic planning, and consequently to contribute to promoting development,
balancing city growth, and empowering citizens. Continuous and sprawling development along
with peri-urban areas has offered a vast and almost limitless nexus of villages–towns upon which
the intensifying needs of development, initiatives, and infrastructures can be grafted. Considering
the significant role of constructed nexuses in growth and resilience, and thus in planning for the
sustainable development of such urban–rural areas, this study will advance the development of
a model of the Urban–Rural Reef ecosystem through discovering its main attributes. In doing so,
Aveiro has been distinguished as an urban–rural reef to describe such a case study’s characteristics
and to extract the indicators of peri-urban sustainable development strategies. In the next step,
the assessment of the peri-urban development strategy (PDS) has been accomplished by using the
Multi-Criteria Decision Analysis (MCDM) method and applying the Analytic Hierarchy Process
(AHP) approach. Finally, a conclusion has been presented based on the findings for Aveiro urban–rural
reefs containing the analysis results and offering some solutions.
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1. Introduction

Over the past decades, influenced by the rapid population growth, social–spatial landscapes and
global environment changes, the urban sprawl has sped up [1,2]. In this context, peri-urban areas
have been made to respond to unprecedented economic, social, and environmental challenges [3].
Consequentially, new, and innovative urban planning approaches are needed to achieve a more
sustainable pattern of this kind of urbanization. In essence, the scope of the recent urban planning
approaches has been modified from concentrating on the development of a city’s value-added
characteristics [4] towards a multidisciplinary perspective and mutually profitable framework from
stakeholders engaged in the peri-urban transformation, where conflicts between development priorities
are inevitable.

Moreover, these factors compel cities to face the social exclusion and disabilities of its
peri-urban crowns, maintaining the physical attractiveness, fighting against environmental degradation,
improving farming production and, in this way, boosting their significant role in countries’ food security,
growingly in recent years [5]. Urban planning has to face complicated challenges of socioeconomic
inequalities, taking advantage of shared urban–rural metabolism and maximizing peri-urban interfaces
(PUIs) [6].
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The importance of dynamic inter-linkages of social-ecological systems in PUIs has been widely
studied in order to understand the challenges posed to the sustainable urban development [7–10].
However, the significance of urban forms and their shared metabolism within the higher structural
complexity of PUIs through which services and goods are absorbed in a more sustained ecosystem is
a rather neglected topic. The role of maximizing the urban interface in providing increased growth
and resilience through building nutrient exchanges with the farm–city shared metabolism has been
recently admitted within fringe theories [11]. To estimate the structural complexity degree at the urban
interface, a rugosity spatial indicator, drawing from coral reef topographies, was coined by Brinkley
(2018), within her research “Cities as Coral Reefs”, in which vibrant economic growth and resilience
are expected within higher rugosity. As complex nexuses of coral reefs aggregate nutrient resources,
rugosity allows us to understand a specific region with greater metabolic exchanges in an urban–rural
reef. In general, these regions contain over half of the population in only two percent of the land and,
even so, these areas produce significant amounts of food [12,13].

Promoting urban development strategies in such a complex PUIs is only possible through
inter-sectional coordination and communication, and with the participation of all stakeholders, as
well as all the subsystems that are representative of metabolic flows (capital, material and energy).
The integration of sustainable development will be fostered if the local government can find a
balance between promoting economic competitiveness, managing population growth, solving social
problems (urban poverty, unemployment), and facing environmental challenges towards local
sustainable participatory strategies [14]. Therefore, peri-urban development strategies (PDS) reflect a
multidisciplinary and a mutualistic collaborated approach that encompasses diverse components in an
inter-sectional matrix of interactions, in order to improve stakeholders’ capability of nutrient exchange
and to more efficiently manage the city and its surrounding environment.

To create the tradeoff system that links economic, environmental and social urban systems
(named sustainable urbanization), CDS has been adopted by Cities Alliance Organizations as an
emerging approach to the strategic urban planning [15]. The CDS framework comprised a set
of indicators used to evaluate the sustainability of city policies throughout the planning cycle
(ex-ante, ongoing, ex-post phases). The evaluation of strategic urban plans using a set of indicators
will enable the achievement of the sustainable goals in engaged cities. This kind of framework will
contribute to a more comprehensive vision of PDS and help to find objectivity-correlated strategic
urban plans.

Therefore, in the next sections we will focus on three main objectives: (i) select and describe
a city-region with high structural peri-urban complexity; (ii) identify indicators and indexes of
sustainability in previous and current studies in the city-region’s case-studies, providing an analysis
based on the Analytic Hierarchy Process (AHP) approach; (iii) evaluate the level of sustainability
achieved in this city-region. In this regard, Aveiro County has been selected as case study. We will
analyze, evaluate, and finally provide some suggestions for better managing the PDS. This will allow
us to suggest improvements to urban planning approaches (namely in CDSs) to better achieve its
special needs through local stockholder’s partnerships, and to foster adaptive PDS.

2. From CDS to PDS: A Concentric and Inter-Sectional Strategic Scope

For many centuries, agricultural settlements have been transformed by urban drivers, shifting the
rural land uses to other human activities and socio-ecosystems. Gradually, human civilization has been
shaped by urbanization, where all human and natural-led systems are tightly connected, creating more
and more complex systems of infrastructures, where people, materials, information, capital and energy
circulate [16]. This resulted in global urban networks that combine terrestrial and aquatic ecosystems,
which is called anthroposphere. These ecosystems evolve through a series anthropogenic dynamic
material flow, whose properties and functions change in space and with time. Hence, the future of the
anthroposphere will be decided by the urbanization drivers, where the mechanisms to manage growth
and to reinforce environmental quality stand out [17].
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In the 21st century, advancing human habitat development toward expanding the artificial land use,
population change, and peri-urban growth (the anthroposphere) has regained ground, improving our
understanding and the capacity to preserve and to manage the quality of the transformations of such
habitats [16,18,19]. However, the evidence shows that in this progress, the main advances were achieved
through acting separately in the ecosystems’ components. Components (including environment,
community of stakeholders and financial issues) were gauged to manage the performance of
different factors and not to integrate the multiple dimensions of the sustainable development.
Therefore, in establishing development strategies as holistic integrative approaches, putting together
relevant disciplines may intensify multiple benefits across the social, environmental, and economic
dimensions, avoiding the compartmentalization trap in development [20].

Due to rapid advancing urbanization into the urban sprawl, the Agenda for Sustainable
Development has become the main challenge when planning governance systems that have to
construct, implement and evaluate national, regional and urban strategies. The peri-urbanization
phenomenon has exacerbated the inequities of accessibility to the resources that support the residents’
quality-of-life, both in the city and in surrounding areas. Hence, the development of peri-urban areas
lays the foundation for adopting new approaches to city-region planning, in which city and regional
plans are more able to implement efficient integrated agendas.

2.1. From Inward-Looking to Outward-Looking

In the early 19th century, the concentric city model was orientated by the city center as a unique
business district through a mono-hub of all available employment, goods, and services surrounded by
nurturing offices [21]. Thereby, the most productive activities, which create added value from rural
land uses around the city center, were constrained by transport costs and needed to be closer to the
city centers to access the urban markets [22]. Urban planning had valorized the highest land values,
inflating the city centers, and regarded the city’s periphery as land without value, giving little attention
to the environmental protection, social equity, and place-based economic development [11,23].

Due to the unstoppable urbanization process, the dominant position of cities as regional nodes
was dropped to diverse urban regions that maintain their self-subsidiarity and improve the capacity to
compete with urban areas. Aligned with the journey from evolving industrial cities to increasingly
complex cities, rapid social and economic development has put serious pressure on the urban areas,
leading to further urban land-use (suburbanization) for economic growth, housing, population growth
and transportation, and consequently an outward-looking growth of urban sprawl [24–26]. These have
caused unprecedented challenges in the first half of the 21st century, in which cities will face inevitable
social problems, economic uncertainties, lack of financial resources and various restrictions imposed
on local governments. To respond to these contemporary urban challenges, CDS has been performed
as an innovative approach in which the coordination between development ideals and executive plans
has led it to become an adaptive framework.

The main target of the CDS is to create development strategies that unify the pillars of sustainability
(society, economy, and environment) and simultaneously provide integrative planning through specific
issues for cities, such as poverty reduction, sustainable urban development, environmental sustainability,
and economic growth. Specific actions’ priorities and investments regarding the city’s vision are defined
by local stakeholders to maximize their cities’ potential. This could be measured by improvements in
the quality of life (especially for the poor), the competitiveness , and the resilience [27].

The Cities Alliance, including the World Development Bank, the United Nations and the Asian
Development Bank, and other important financial organizations, are a global movement of cities
involved in the CDS approach. The main goals are helping to promote this planning approach in order
to provide the abilities required to face the challenges of globalization, to foster decentralization and to
achieve positive social and economic conditions for all [28].

In general, the Cities Alliance develops sustainable financing strategies, helps local authorities to
plan for growth and supports local governments in long-term investments. Drawing upon the various
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CDS experiences of approximately 200 countries around the world with different degrees of success,
Cities Alliance proposed five CDS thematic dimensions: livelihood, environmental sustainability,
urban form and an infrastructure´s network, financial resources, and governance. These thematic
dimensions form its building blocks in providing a more comprehensive understanding of CDS, its
implementing process in cities, the management of unpredictable challenges and the achievement of
their goals (Table 1).

Table 1. City Development Strategies (CDS) topics defined by Cities Alliance.

Issue Defined Context Thematic Issues

Livelihood

Business climate and capacity
for creating small business

Incentives offered by the local
jurisdiction; nuisance taxation; ease of

starting a business; investment
approval processes for foreign firms

and joint ventures; operating
environment of informal sector;

government attitudes towards the
informal sector

Urban competitiveness

Basic economic trends; diversity
versus specialization; national and

world-class economic activities;
productivity gains ; economic mix and
change; movement up the value chain

and cluster deepening ; rate of
start-ups and business deaths; foreign

direct investment, innovation;
performance of anchor firms;

labor market
Marketing and promotion;

attracting talent

Human resource development

Educational quality and quantity;
education–economic alignment; access

to education; financial support to
students; access to entry-level jobs;

geographic accessibility to
labor market

Environmental Sustainability

Environmental quality

Air pollution; wastewater and water
quality; pollution sources;

sustainability and safety of water
supply; loss of agricultural and
environmentally sensitive land;

amenity; natural hazards

Service delivery

Demand for services; delivery of basic
needs; health, education, and literacy

status; quality of basic services;
delivery of services to migrants;

public health; efficiency in delivery of
environmental infrastructure;

maintenance; energy and
environmental policy frameworks

Energy efficiency
Energy consumption; urban form and

energy consumption;
demand management
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Table 1. Cont.

Issue Defined Context Thematic Issues

Infrastructure and its role in
welfare and

economic competitiveness

Infrastructure

Infrastructure delivery performance;
infrastructure delivery modes;
planned infrastructure; trunk

infrastructure and urban form;
housing supply and demand;
affordable land and housing;

transportation networks; public
transportation facilities and services;

urban nodes and public transport
demand; major transportation
facilities; movement of goods;
telecommunication services

Urban form to access the urban
service and facilities

Formal and informal spaces; urban
density; land and property value

gradients; land and housing markets;
monocentric versus; peri-urban spatial
form; location of the service economy;

spatial distribution of employment
and economic output; social

geography; geography of poverty;
location of slums and squatter areas;

land readjustment; destination of
migrants; geography of investment;

congestion; the knowledge-economy;
expansion vectors; street life,
entertainment, and recreation

Financial Resources

Local development financial
absorbs and

institutional structures

Local government budgets; local
government revenues; capital

planning; off-budget revenue and
expenditures; transfers overtime;

extent and impacts of decentralization;
debt; access to credit; credit rating;

autonomous bodies

Mobilizing nongovernment
capital

Impact of land readjustment; impact
of land tenure; housing credit;
financing local infrastructure;

microfinance; credit for small- and
medium-size enterprises; voluntary

organization finance

Private sector financial flows
Foreign direct investment; domestic

investment; Commercial
banking flows
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Table 1. Cont.

Issue Defined Context Thematic Issues

Governance

National urban
policy framework Local priorities and national policies

Institutional structure and
processes of local government

Local government structure and
processes; appointment of officials
and governing bodies; corruption;

inter-jurisdictional cooperation

Role of local government in the
context of decentralization

Decentralization impacts on
local government

Metropolitan government Inter-jurisdictional cooperation

Capacity

Capacity and development priorities;
institutional strengthening and

building priorities; attracting and
retaining talent

Relationship with the private
sector and civil society

Relationship with the private sector;
modes of private sector cooperation;
relationship with civil society; local

government capture

Source: Cities Alliance, 2006.

2.2. Developing the Periurban Interface (Urban–Rural Reef)

The global urbanization processes and the growth in fragmented urban form leads to
metropolization, and thus its metapolization model and lifestyle, with overlapping rural and urban
areas in polycentric city-regions [29,30]. Although the increase in urbanization and sprawling
(low-density expansion) has the benefits of overall economic development, improving the capital
accumulation, the infrastructure’s network, and the amenities allocation within high-density lands,
this process also can hide deep socio-economic inequalities in terms of access to benefits in
the low-density urban areas and generated value between interfaces. Furthermore, there are
significant negative externalities, like the environmental costs of transportation, work–home commute,
CO2 emissions, consumption increasing, and blocked sustainable development efforts [31,32]. As a
result, the vulnerability of peri-urban agriculture land uses has been intensified [31,32].

As the urban–rural shared metabolism is critical for the efficient nutrient exchange and for
maximizing the functionality of the urban interface as an important metabolic mechanism [29],
the peri-urbanization trend has been leading city management pertaining to both of city and farmlands’
living, growth, and resilience. In fact, cities are increasingly vulnerable to shocks that cause rapid
changes in their external and internal environments. In this crisis context, cities can perform better
with mixed land-uses and a synergic development that links rural and urban systems in peri-urban
interfaces [29]. Hereupon, peri-urban is known as a new kind of hop-spot, including a multi-functional
landscape for urban renewal and development [33]. Consequently, a successful urban performance,
rather than maintaining the existing roles of stakeholders, economic structures and institutional status,
will need a more adaptive approach within a cooperative and integrative framework.

2.3. Framework for Urban–Rural Reef Development

Moving the sprawling city into the peri-urbanization, the paradigm of total landscape development
has evolved from the separately strategic urban and rural planning to a mixed-use paradigm toward
metropolitan and regional scales. The latest theory of the mixed-use paradigm offers an approach in
which urban and agricultural areas are seen as an integrated identity. The form and function in the
specific areas of such city–farmlands have been interpreted as determining factors in their metabolism,
growth and resilience [6].
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Drawing from complex topographies of coral reefs, a city reef creates more interfaces between the
functions of PUI with high structural complexity, in which vibrant economic growth and resilience are
expected in both urban and rural areas. Coral reefs provide more use of niches and greater metabolic
exchanges, aggregating nutrient resources within complex nexuses. Similarly, an Urban–Rural
Reef, placing over half of the population in less than three present of the total land area, is noted
for its significant food production from surrounding metropolitan-area farms on minimal land,
mixed poor–rich areas, and desire for concentricity with low-density development at the peri-urban
interface (PUI) [13].

Meanwhile, the newly combined rural–urban theory lacks a comprehensive vision of the
integrated key components that collectively contribute to building a complex adaptive ecosystem
within high-rugosity (a greater degree of structural complexity) regions if the mutual impacts of growth
and resilience planning are to be considerable. The description of such Urban–Rural Reef ecosystems
provides measures of nutrient complexity that give us insights that help to understand and manage
sustainable development [34]. It gathers various integrated key components and their characteristics,
which collectively contribute to build a complex adaptive ecosystem that fosters growth, poverty
eradication, environmental sustainability, and that considers synergies and trade-offs between sectors
joined together in development objectives.

Likewise, urban sprawl in Portugal due to profound changes promoted by democracy, European
integration and increased emigration has led to advanced polarization into peripheries, where
conflicting priorities for development are inevitable. Therefore, Portugal, on one the hand, despite the
strong capability of infrastructural inputs, and greater cohesion and qualification efforts, still has a
fragile sustainability in terms of development into many rural–urban systems. On the other hand,
it has differentiated their residents in terms of the diverse socioeconomic inequalities in access to the
amenities, health, and well-being required for sustainment in their development [30]. To illustrate
this, fragile social and environmental conditions are observed in more unequal living places between
Lisbon and its peri-urban area and within the metropolitan area of Lisbon itself, or, similarly, Porto.

Considering the high potentiality of urban–rural integration to build growing and resilient systems
for both city and form alike [13], urban–rural reefs create an integrative framework for sustainability.
Conducting an extensive literature review of previous studies, we derived this ecosystem through three
main component groups (Table 2) of urban interface complexity (rugosity), interaction approaches
between stakeholders, and effective and infrastructural factors (like supportive governance in reducing
disaster risk, comparing a specific amount of O2 in coral reefs).

When determining the high structural complexity of the interface, rugosity is the basis for
distinguishing an urban–rural reef where the existence of more use niches and greater metabolic
exchange is expected. To ascertain potential high-rugosity regions, different indicators are used,
including the urban and agriculture vitality and their variables (AV, UA, and MD indicators in
Table 2). Numerous studies investigated the links between urban areas and surrounding farmlands,
including interfaces, interlace or buffers, and their role in sustainable development in these areas.
Although the existence of rugosity has naturally been admitted in some studies or practices, this possibly
is not being explicitly embraced. As an example, Copenhagen’s Finger Plan in 1947 was a good
example of a transportation solution, rather than an urban–rural solution, which developed the rugosity
concept. Other examples include some of United States counties with high-rugosity urban areas and
urban growth boundaries, like Lancaster County, Pennsylvania, and Portland [34]. The emergence of
expanded concentration in some of the specific metapolized spaces in Portugal has wrought compact
spaces (rugosity) alongside some of the city–farm proximities.

In the groundwork study of the initiated rugosity concept [34], an innovative formulation
was applied using the Urbanized Area (UA) perimeter as the basis of measuring the rural–urban
interface and eventually for calculating the rugosity. In our study, to investigate the urban–rural reef
attributes, the primary step has been discovering regions with a greater urban interface length and
high rugosity. Estimating an approximate area embedding an urban–rural reef was a sufficiently
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met need to achieve the study objectives and create a comprehensive image of the urban–rural
reef. Meanwhile, the calculation of the precise amount of rugosity, the mathematic formulation and
examining associations with related indicators of the urban–rural reef in Portugal will be the purpose
of future studies.

The Instituto Nacional de Estatística (INE) database regarding the population variation, provided
by Portuguese municipalities for 30 years, revealed an increasing difference between coastal and inner
areas (even inside these areas themselves). Similarly, analytical data from the mobile communication
antenna network admitted a distinctive variety in demographic and social-economic vitality across the
urban and suburban territories. These regions, like Braga, Porto, Leiria-Lisboa-Setúbal, and Aveiro,
possess specific interfaces that held both low and high densities (Figure 1). The study was applied
to the Aveiro–Ílhavo axis as a very specific and interesting dynamics case study, containing a greater
interchange across urban and non-urban lands (green arrows) in which some of the determining
characteristics in this region were embedded.
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(a) A growing contrast between coastal and inner areas has led to a rise in the ultra-peripheral
regions of the archipelagos like the Aveiro region; (b) Aveiro region as a region prone to creating an
urban–rural ecosystem. Source: Balázs Cs. C.et al., (2013, p. 1470) and Google Earth.

Being under extreme pressure to both develop housing and have an abundant productive
farmland, and combining a high natural capital with high levels of poverty accompanied by rapid
social, technological, and environmental change are both requirements for selection as a region that
embraces urban–rural reef ecosystems [30]. Aveiro has many attractions of big-city life for its inhabitants,
with a population of 74,000 in a total area of 199.7 km2, and known as a dynamic medium-sized city.
It is the focal point of an industrially developed region, and also a city of commerce and services and a
growing center of leisure and culture [35].
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Table 2. Component groups of the Urban–Rural Reef and their respective indicators.

Key Components Indicator/Measurement Variables/Parameters Reference (Some of)

The structural complexity of the
urban interface

Agricultural Vitality (AV)

Agricultural commodity sales and total acres
in active farming (AV1) [6]

Auxiliary deriving incomes (wind
energy (AV2)) [6]

On-farm non-agricultural activities
(Agritourism, energy generation, and

cash-only sales (AV3)
[36]

Conventional farming expenses (chemicals,
fertilizers, farm labor, and fuel (AV4)) [6]

Urban Vitality (UA)

Population gain or population change
(considering its association with migration
patterns, housing development, and related

job market opportunities (UA2))

[37,38]

Housing stress (UA3)

Land-use density (UA4) [29]

Multiple niches and diversity (MD)
(numerous stakeholders competing for

site-specific resources)

â To urban areas characterized by quantity
of greenbelts and ecosystem services,
generating amenities such as viewsheds,
green wedges, wildlife-habitat corridors,
working lands such as ranches or farms,
and park space

â To agriculture areas: the increased flow of
farm goods and services to urban markets

[6,39]
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Table 2. Cont.

Key Components Indicator/Measurement Variables/Parameters Reference (Some of)

Infrastructural factors (Technical and
Administrative Infrastructure and

Section) (IF)

Driving government policies (land-use regulations, metabolic flows (IF1)) [31]

Natural and cultural vitality (IF2) Community engagement [30]

Technological and technical support (IF3)
Appearance and spread of new technologies [29,40]

Technical infrastructure [41]

Socio-economic vitality (IF4)

Immigrants adapting to lifestyle, job,
and incomes [42]

Financial incentives and funding [36]

Externalities (indirect benefit to economic
agents/social benefits) [43]

Socio-psychological impacts (collection of values, attitudes, and behavior patterns of rural
areas people that are influenced by urbanization) [44,45]

Interaction approaches of components
(IAC)

The mediating role of stakeholders
(IAC1) The mediating role of stakeholders [43,46]

Locally oriented and multifunctional
farming (Civic Agriculture (IAC2))

Locally oriented and multifunctional farming
(Civic Agriculture) [30,41]

Local government/constitutes and locally
adopted management strategies (IAC3)

Purposeful rewilding
Conservation and development of valuable

cultural landscapes
[47,48]

current study, 2020.
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The complexity of the Urban–Rural Reef ecosystem, as well as its cross-sectoral links between
different components, supports collective actions among engaged stakeholders that create resilient
ecosystems. It produces a nutrient environment of exchanging goods and services that might offer
diverse interactions between regional farms and their cities to absorb shared metabolisms (IAC factors).

The dynamic of the peri-urban shows constant intensive socio-demographic and socio-cultural
changes and different political situations. These transitions are grown in proper technical and
administrative infrastructures, including the presence of new technology businesses and rich cultural
opportunities, resulting in a high level of economic development (IF factors). More infrastructural
factors, more nutrient circumstances and more profitable frameworks are expected in such peri-urban
areas. To illustrate, a highly qualified labor force and job-seeking immigrants are both parties attracted
to the promising opportunities in these socio-economically developing regions [36].

The mixed and multifunctional identification of peri-urban systems (urban–rural reef ecosystems),
implies that the development process is an active fact. Thereby, PDS in a rural–urban reef ecosystem is
truly realized by considering the cooperation between participating stakeholders and a wide set of
sustainability indicators within uncertain conditions.

Therefore, studying urban–rural reefs helps to understand, plan, and assess the development in
these regions, and could affect the quality of sustainable development in the whole ecosystem. Drawing
from the CDS and adapting the explored indicators of the urban–rural reefs, our study concludes
Table 3 by reaching a more obvious perspective on the related criteria and indicators of development
strategies in such ecosystems to provide a basis for evaluating and monitoring peri-urban programs.

2.4. Periurban Sustainability Evaluation

According to the UN Habitat Report, a wide range of cities around the world (about 200)
has been applied to the City Development Strategy (CDS) as part of a successful strategic plan to
catch and capitalize on available opportunities for their cities [49]. Notwithstanding this, CDS has
provided a striking package of issues and building blocks for the cities applying these strategies;
the major concern is successful implementation. The significance of implementing the development
strategies across urban–rural areas increases when multiple stakeholders and functions are engaged in
planning strategies.

The Analytic Hierarchy Process (AHP) and the Analytic Network Process (ANP), two traditional
Multi-Criteria Decision Making (MCDM) methods, were developed by Tomas Saaty [50–52] to organize
and analyze complex decision problems. A matrix of judgments on the relative preference between each
pair of alternatives/sub-alternatives is obtained by pairwise comparison [53,54]. Finally, the relative
importance of each decision criterion is identified. Hence, AHP and questionnaire surveys were
applied to weigh each sustainability criterion when estimating the effect of a peri-urban development.
In this study, in this study, by translating vision into a couple of levels, including the criteria and their
categorized indicators and masseurs’ levels, the AHP created an integrated and coordinated look at
the performance of development strategies in the peri-urban.

In general, the AHP approach consists of four main components: vision, criteria, index, and metrics,
Figure 2. Since the AHP method is not able to perceive internal relations between the elements,
ANP was developed to provide comparisons between elements of the same cluster regardless of their
hierarchy [55].
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Table 3. Relevant Criteria and indicators of PDS for evaluating development strategies.

Criteria Environmental Protection Economic Development Social Justice

Indicator Governance Financial resources Spatial formation of urban/rural facilities
and equipment Environmental sustainability Livelihood and vitality (farm and city)

Measurements

1. Participation and involvement
rate of engaged stakeholders in
decision-making in urban plans

2. Local governance/constitutes
and locally adapted
management strategies

3. Public sector investment and
participation in PDS
program implementation

4. Informal engagement in
decision-making processes
and developments

1. Commercialization programs
2. Economic productive programs
3. Strengthen investment areas
4. Managing Externalities effects
5. Driving government policies

(in support of agricultural areas
and land use regulations)

1. Access to energy-efficient resources
2. Distribution of urban facilities

according to the energy
consumption needs

3. Locally oriented and
multifunctional farming

4. Public transportation performance
5. Appropriate access to urban and

suburban terminals and
transportation routes

6. Diversity of site-specific resources
for competing in
peri-urban environments

1. Utilizing
renewable energy

2. Quality of
drinking water

3. Protection of
environmentally
sensitive areas

4. Recycling

Livelihood:

1. Access to adequate housing
2. Construction program tailored to

urban needs
3. Support for

female-headed households
4. Providing daily urban services

for low-income people

Agriculture Vitality:

1. A higher value of agricultural
production (agricultural
commodity sales and total acres
in active farming)

2. Auxiliary deriving incomes and
on-farm
non-agricultural activities

Urban Vitality:

1. Population gain or
population change

2. Housing stress
3. Land-use density
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Using a Network Analysis Process (ANP), AHP links the criteria and indicators of objectives of
development strategies, quantifies qualitative factors, and consequentially determines the feasibility
of each indicator based on numbers and figures. It assists in clarifying which of the indicators of the
program is more realizable, and what the rate of realization of indicators is. Due to this, the structural
form of ANP for the Periurban Development Strategy (PDS) is demonstrated in Figure 2.

2.5. AHP Implementation Steps

Generally, there are five main steps to apply the AHP process. These steps are:

1. Defining the structure of the AHP approach through the internal relationship of each of the
perspectives, criteria, indicators, and metrics. Schematic structuring of the ANP network model
is pictured, based on the defined relationships in the previous step (see Figure 2);

2. Compiling the weights of the defined criteria, indicators, and metrics that can be obtained using
binary comparative matrices. In this study, the relative importance of each option is determined,
which will be achieved according to a table-base (Table 4). Definitions of the criteria and indicators’
weights are found by performance appraisal teams consisting of experts.

3. Calculating the weight of each metric and providing a comparative matrix for macro goals
(components of sustainable development objectives);

4. Determining the scales (measurement) of each measure using the variable suggestions, according to
Table 2;

5. Determining the system performance condition for a specific period.

Table 4. Weighing each criterion based on the relative importance.

Intensity of Importance Definition

Equal importance 1

Moderate importance 3

Strong importance 5

Very strong importance 7

Extreme importance 9
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2.6. Quantifying Items

The primary step in quantifying the exploited criteria is creating the comparative matrix using the
components of sustainable development objectives as the macro goals for the criteria. Our study used
experts’ opinions to make individual evaluations in order to determine the values of the elements of
pairwise comparison matrices (Table 5).

Table 5. Comparative matrix of macro goals for sustainable development.

Score Development of
Social Justice Economic Development Environmental Protection Objectives

Development of
social justice 1 6 9 0.576

Economic development 1.66 1 7 0.38

Environmental protection 0.11 0.14 1 0.04

Calculating the primary dependency matrix is acquired in the next step by multiplying matrices
of index scores based on criteria in the criteria score matrix. As a result, the final dependency matrix
will be gained by multiplying the initial dependence matrix by the score of each measure, following the
process in Figure 3.
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Using dependency weights (including detailed indicators) and weighing the measures, the final
scores (weights) of each indicator are accountable. In other words, the total weighting of measurements
can be obtained by multiplying the weight of each measure by the weight of the related dependency
matrix in the score of the respective measurement (see Tables 6–10).

Table 6. Calculating the total weight of the governance index based on metrics.

Indicator Dependency Matrix Value Measurements Weight Total Weight

Governance 0.137

1. Participation rate 0.135 0.0186

2. Local governance 0.186 0.017

3. Public sector investment 0.40 0.017

4. Informal engagement
in decision-making 0.27 0.037
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Table 7. Total weight of the financial resources index based on metrics.

Indicator Dependency Matrix Value Measurements Weight Total Weight

Finance resource 0.09

1. Commercialization programs 0.24 0.022

2. Economic productive programs 0.019 0.001

3. Strengthening investment areas 0.15 0.015

4. Managing externalities’ effects 0.26 0.025

5. Driving government policies 0.316 0.029

Table 8. Total weight of the spatial formation of urban/rural facilities and equipment index based
on metrics.

Indicator Dependency Matrix Value Measurements Weight Total Weight

Spatial formation 0.044

1. Access to energy-efficient resources 0.263 0.011

2. Distribution of urban facilities 0.128 0.005

3. Locally oriented and
multifunctional farming 0.20 0.008

4. Public transportation performance 0.15 0.006

5. Appropriate access to urban and
suburban terminals 0.18 0.008

6. Diversity of site-specific resources
for competing in
peri-urban environments

0.07 0.003

Table 9. Total weight of the environmental sustainability index based on metrics.

Indicator Dependency Matrix Value Measurements Weight Total Weight

Environmental sustainability 0.4

1. Utilizing renewable energy 0.04 0.01

2. Quality of drinking water 0.14 0.05

3. Protection of environmentally
sensitive areas 0.54 0.23

4. Recycling 0.25 0.10

Table 10. Total weight of the livelihood and vitality index based on metrics.

Indicator Dependency Matrix Value Measurements Weight Total Weight

Livelihood and Vitality 0.31

Livelihood

1. Access to adequate housing 0.027 0.008
2. Construction program tailored to urban needs 0.032 0.01
3. Support for female-headed households 0.076 0.02
4. Providing daily urban services 0.032 0.01

Vitality

Agriculture Vitality

1. Higher value of
Agricultural production 0.046 0.015

2. Auxiliary deriving
incomes and on-farm
non-agricultural activities

0.37 0.11

Urban Vitality
1. Population change 0.035 0.01
2. Housing stress 0.31 0.1
3. Land-use density 0.06 0.02

3. Results (Evaluating the System Performance)

In the final step, the ultimate summations of the evaluated indicators assist in classifying the level
of their performance. The higher the value of the indicator performance, the greater the expected
feasibility (Table 11).
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Table 11. The final score of each performance indicator.

Indicators Measurements Score Final Score (*100)

Governance

Participation and involvement rate of
engaged stakeholders in
decision-making in urban plans

0.0186

Local governance/constitutes and locally
adapted management strategies 0.017

Public sector investment and
participation in PDS
program implementation

0.017

Informal engagement in
decision-making processes
and developments

0.037

8.96

Finance resource

Commercialization programs 0.022

Economic productive programs 0.001

Strengthen investment areas 0.015

Managing externalities effects 0.025

Driving government policies (financial
sides in Support for agricultural areas
and land use regulations)

0.029

9.2

Spatial formation of
urban/rural facilities

and equipment

Access to energy-efficient resources 0.011

Distribution of urban facilities according
to energy consumption needs 0.005

Locally oriented and
multifunctional farming 0.008

Public transportation performance 0.006

Appropriate access to urban and
suburban terminals and
transportation routes

0.008

Diversity of site-specific resources for
competing in peri-urban environments 0.003

4.1
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Table 11. Cont.

Indicators Measurements Score Final Score (*100)

Environmental sustainability

Utilizing renewable energy 0.01

Quality of drinking water 0.05

Protection of environmentally sensitive areas 0.23

Recycling 0.10

39.6

Livelihood
and

Vitality

Livelihood

Access to
adequate housing 0.008

Construction program
tailored to urban needs 0.01

Support for
female-headed households 0.02

Providing daily urban
services for
low-income people

0.01

Agriculture Vitality

A higher value of
agricultural production
(agricultural commodity
sales and total acres of
active farming)

0.015

Auxiliary deriving
incomes and on-farm
non-agricultural activities

0.11

Urban Vitality

Population gain or
population change 0.01

Housing stress 0.1

Land-use density 0.008

29.1

4. Discussion

As was demonstrated in the final results of evaluated performance in Table 11, not surprisingly,
sustainable development, livelihood and vitality are some of the most effective indicators related to the
development of city–farm regions, and peri-urban ecosystems, named urban–rural reefs, in Aveiro,
with scores of respectively, 39.6 and 29.1 (see Table 11).

The protection of environmentally sensitive areas, as the most valued measurement in the
environmental sustainability indicator, gained the highest score, 23 percent, in comparison to all the
remaining indicators. Regarding this assessment, the considerable challenge that the Aveiro region faces
in its government and administration of the territory is strengthening the regional and metropolitan
dynamics. As noted in the Environmental Implementation Review (EIR) report in Portugal in 2017,
one of the main challenges identified concerning the implementation of the EU environmental policy
and law in Portugal was enhancing the effective protection of the Natura 2000 network [56]. Hence, in
May of 2018, the Portuguese Government adopted the national strategy for nature conservation and
biodiversity, which aimed to ensure citizens’ health and quality of life in the inner land and make cities
more sustainable.

Moreover, in the surrounding city’s lands (including forest and farms) the majority of the
dedicated budget, approximately 40% for the Rural Development Program (RDP) of Portugal mainland,
involving the Aveiro region, was allocated to environmental priorities. Although this embarked
budget is insufficient for most of the relevant challenges in peripheries, emphasizing effective strategies
to urban planners can help achieve good environmental status in these regions. To illustrate this,
more recent strategies can be mentioned, like restoring forests (especially after the great fires of
2016 and 2017) by replanting with native species or using the association of volunteer firelights,
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enabling multi-functionality in farms near urban areas to supply a diverse range of goods and services
to nearby markets, as well as shifting towards organic farming, which provides a progressive trend
towards a more sustainable model of farming. On the negative side, despite many attempts to
maintain a conservation status for protected species and habitats due to a lack of allocated finances
and non-targeted/ambitious objectives in environmental protection plans, the problems of invasive
species are still a concern [30,56].

Orientating farm–city cohesion into these strategies and practices causes an intensifying
synergy across inter-sectional interactions between engaged actors in such an ecosystem as the
rural–urban reef. Therefore, rehabilitation strategies and plans could be extended in promoting urban
retention/regeneration of peri-urban ecosystems and rural–urban reefs even with a lower budget,
with higher ambitions for the participation of stakeholders.

Recycling and the quality of drinking water were the second- and third-valued scores of the
environmental sustainability indicator, with 10 percent and 5 percent. Improving waste management
and related marine water strategies, as well as water management, including protection of the
quantitative status of groundwater, improving water governance and the need to close gaps in water
investment, especially regarding wastewater, is further mainstreamed into urban planning in Portugal
to create more sustainable development. In the Aveiro peri-urban, pollution in territorial water
resources like Rio Caima, or the problem of managing COVID-19 waste in the pandemic situation [57]
that affects public health, cause related struggles for local governments, urban planners, and both urban
and peri-urban inhabitants. Besides this, a shortage of groundwater-quality-monitoring networks has
restricted the detection of land contaminated by pesticides from agricultural activities or heavy metals
from the industry. To illustrate this, some investigations indicate that exposure to nitrate pollution
occurs in Aveiro [58]. Considering the high potentiality of integrated urban–rural regions, the quality
of the ecosystem sustainability will increase by providing a mutual framework for adapting changes,
with interaction between stakeholders [59]. The results of establishing such a framework in terms of
the achievements of an urban–rural reef ecosystem performance, like creating an association of cities
and regions for sustainable resource management, could be released in future studies.

Regarding livelihood and vitality (of agriculture and urban areas), the highest valued score
between measurements, with 11 percent, is auxiliary deriving incomes and on-farm, non-agricultural
activities. Contemporary debates on sustainable land use and urban development have (re-)entered
significance in agriculture in the urban context through the contextualizing of urban agriculture
and peri-urban agriculture (UPUA) concerning societal and economic transformations, EU strategic
objectives, policies, and the regional food system approach [60].

The Aveiro region and its high-density peri-urban areas have provided nutrient regions of shared
metabolism in agricultural and urban areas; suburban farms produce more value with less land than
the national average. These specific ecosystems lay the foundation for a more vigorous approach
to sustainability through empowering the vitality of agriculture lands, not only by utilizing the
higher value of agricultural production but by using the potentialities of auxiliary-derived incomes,
on-farm non-agricultural activities like farm tours [61], and wind farms and solar power plants on
agricultural lands [62]. This would have diverse social and economic effects on nearby cities, like the
return of financial investments in agricultural activities or creation of more job opportunities.

The housing stress (sub)-measurement was the second determining factor within the urban vitality
indicator, with 10 percent of a total of 29.1 scores. The increasing rate of housing compactness in
the Aveiro peri-urban has intensified the vitality of city land surrounded by vigorous farmlands,
where vitality is defined as the total of energy resources, human existence and activities, and essential
elements for achieving urban quality of life [63]. This is due to the growing population, particularly
a dramatic increase of 10% between 1991 and 2001, and a continuous increase in the past 20 years
of around 74,000 people, in which the Aveiro municipality has witnessed an exceptional economic
growth across small- and medium-sized urban areas (SMUAs) in Portugal, which is more evident in
the interfaces of city–farms [35].
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However, this evolving rate has faced urban areas and land occupation, with indirect or direct
side-effects like significant negative externalities and greenhouse gas (GHG) emissions due to increased
consumption and home–work commutes [30]. Therefore, peri-urban development strategies (PDS)
ought to provide a privileged instrument and framework around which the requirements for meeting
the needs of habitants’ lives, named livelihoods, could be set up, and simultaneously put up an
urban–rural reef for a more vital and sustained ecosystem.

One of the challenges of Portugal in meeting the development objectives is an adequate level
of finance for well-implemented policies—especially in the cross-lands of city–farm, such as waste
management and support of green activities [56]. Meanwhile, promising strategies for the development
of small and medium-sized urban areas (SMUAs), like Aveiro, are benefiting the city and its territory
by reinforcing the social and economic balance of Europe at the regional level, the budgets for EU
policies also need to be increased [35]. As could be expected, the driving government policies in
support of agricultural areas and land use regulations had the highest value of all scores in the finance
indicator measurements.

However, the initiative strategies and debates on allocating the budgets of programs that empower
urban and peri-urban vigor, sustainability and development are taking place in a more integrated way
in an urban–rural reef ecosystem. Aveiro is known as the “City of Innovation” for its projects in the
area of the information society and its university. Defining different strategic axes, offering financial
support to SMEs, business incubation, and fostering an entrepreneurial culture led to the success of
Aveiro [35] in its commercializing programs (in both urban and agricultural services and production)
toward the parallel development of the city and its surrounding territory, like the commercialization of
urban housing or lands [58]. However, on the negative side, this may imply that the land regularization
process and the imposition of certain fees resulted in further marginalizing and causing the migration
of poorer people, which profoundly impacts their livelihoods [64].

Citizen participation has been noted as a prerequisite of urban and rural development,
upon which lay the foundation for sustainable development. Considering the various interlinkages
between stakeholders in the urban–rural reef ecosystem, engaging inhabitants in urban planning
will synergistically influence the decision-making of the local government by providing valuable
information on the state of well-being, as well as implementing development or resilient programs.
Informal engagement in the decision-making processes and developments (the highest score in
the governance indicator), and the democratization of planning are used as supplemental forces,
beside public participation, to enhance consultative and participative processes in peri-urban planning.
Establishing relevant associations like “association of cities and regions” to deter and manage mixed
wastes in conjunction with the urban waste, as mentioned in the pandemic, in Aveiro and its
attached peripheries helps the local government in planning for sustainable resource management [57].
Furthermore, informal planning transactions, as shown in the experts’ opinions, are emphasized as
a highly valued requirements, alongside formal participation, wherever actual peri-urban practices
suffer from a lack of recognition by formal institutions. To illustrate, relationships between water
management in the peri-urban interface and urban food systems regarding recognizing the risks and
opportunities related to wastewater use in peri-urban farming have costs for the people living there,
as well as in urban and rural areas, similar to the problem of the Caima River [59]. Besides a couple
of mentioned measurements regarding the governance indicator, amplifying both the public sector
investments and locally adapted management strategies (valued as equated factors with 1.7 percent),
will equip the local government with the needed legal and technical skills to enable them to fulfill their
mandates and undertake policies of peri-urban development.

The spatial formation of urban/rural facilities and equipment, despite being categorized as the
least valued indicator, with 4.1 percent, is among the determining indicators in the performance of
the development of peri-urban strategies, and is considered as one of the structural factors. In the
spatial formation planning and facility design of urban and rural areas, accessibility was evaluated
from various perspectives, including consumer needs (like energy resources or agricultural products),
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variety of activities or strategic locations and, finally, diversity of site-specific resources for competing.
According to expert opinion, the importance of “diversity of site-specific resources for competing” and
“diversity of site-specific resources for competing” was equally valued, while “access to energy-efficient
resources” still has a higher significance for the peri-urban involved city and surrounding area, with
high rugosity to equip its habitant and activities. Although some studies demonstrated that the
adoption of energy efficiency in rural areas can be significant and differ from that seen in more densely
populated areas, access to energy-efficient resources in both regions has remained critical. The role of
urban–rural reefs on the efficiency of energy resources and the economic effects of the return to scale
should be further assessed by the study.

5. Conclusions

In recent decades, an extensive and fragmented process of urbanization has emerged, with dense
and compact spaces overlapping with suburban areas to maximize value generation through
rural–urban collaboration [40]. This nexus between urban–rural regions through greater urban
interface exposure, named “high rugosity”, has been associated with the sustained vigor of both urban
and agricultural land-uses [13]. In fact, the higher rugosity is provided by the peri-urban; more benefits
are expected from the good mobility conditions, flowing materials, and higher urban metabolism.

These regional and metropolitan dynamics in the peri-urban have led various regions of Portugal
to feel pressure to enforce them, leading to a specific ecosystem of urban–rural reef. Aveiro, as an
exemplary city, has expanded its concentration toward its surrounding lands with an increased nutrient
amenities system, the Aveiro reef ecosystem, that has been prone to galvanizing rapid urbanization as a
source of socio-economic vitality and poverty reduction. As consequence, creating regions with linked
regions of high and low density between the city–farm has possessed Aveiro County, a high-rugosity
urban expansion containing a greater interchange across urban and non-urban lands. These areas’
spatial, economic and social characteristics have significant effects on both urban and rural development
and the need for appropriate urban planning.

Overall, this paper has developed an integrated framework for evaluating the performance of
urban–rural reef ecosystems concerning the development strategies which contribute to managing and
optimizing their performance. For this purpose, conducting an in-depth study, we extracted a set of
listed performance indicators for each sustainability criterion (environmental protection, economic
development, and social justice) and related measures, tied to the objectives of development strategies
from CDS, and then used them for PDS in the detected Aveiro urban–rural region.

In terms of the development strategies of specific systems of peri-urban interfaces (the urban–rural
reef ecosystem), several factors, such as governance, sustainable development and spatial formation
of urban–rural facilities, and equipment, livelihood and vitality, were addressed as indicators of the
three pillars of sustainable development. The method used was based on three criteria, classified by
five indicators and 28 sub-indicators that represent a large number of variables characteristic of the
urban–rural contexts studied. Using the Analytic Hierarchy Process (AHP) Approach, our study
calculates the effects of the different indicators of each sustainability criterion and related measures
on peri-urban development, and assesses the feasibility of each indicator to achieve sustainable
urban development.
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