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Mariët A. van Haaster-de Winter, Marijke W. C. Dijkshoorn-Dekker, Thomas J. M. Mattijssen

and Nico B. P. Polman

Enhancing Urban Biodiversity: A Theory of Planned Behavior Study of the Factors Influencing
Real Estate Actors’ Intention to Use Nature-Inclusive Design and Construction Concepts
Reprinted from: Land 2022, 11, 199, doi:10.3390/land11020199 . . . . . . . . . . . . . . . . . . . . 265

Louis Gerhardus Lategan, Zene Steynberg, Elizelle Juanee Cilliers

and Sarel Stephanus Cilliers

Economic Valuation of Urban Green Spaces across a Socioeconomic Gradient: A South African
Case Study
Reprinted from: Land 2022, 11, 413, doi:10.3390/land11030413 . . . . . . . . . . . . . . . . . . . . 278

Kendra Munn, Suzana Dragićević and Rob Feick
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Preface

In this special edition of ”Reflecting on the Future of the Built Environment”, we delve into

shaping the future of urban communities, with a focus on adaptive planning, nature-based solutions,

resilient social-ecological systems, and urban climate migration in particular, spotlighting the need

for a transformative approach in the development of cityscapes. The COVID-19 global pandemic has

catalyzed a re-evaluation of the term “business as usual”, urging authorities and communities alike to

reconsider our collective role in developing sustainable, equitable, and livable environments for our

future. This shift underscores the importance of accessibility, flexibility, and safety, intertwining these

with the ongoing technological evolution and a growing emphasis on quality of life. This collection

will not only showcase the latest scientific advancements and theoretical reflections in the field, but

it will also help chart a path that embraces efficiency, well-being, and social justice on multiple

scales—from individual sites to entire cities.

This Reprint is directed at practitioners, researchers, policymakers, and anyone interested in

the future of the Built Environment, exploring themes such as city planning, property development,

green infrastructure, climate action, and the role of adaptive design in fostering sustainable

communities and healthy spaces. We extend our gratitude to all the distinguished authors who have

offered their contributions within these pages, and we also acknowledge the invaluable support and

insights received from peers and mentors in the field.

Elizelle Juanee Cilliers and Sarel Cilliers

Editors
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Abstract: To base urbanization on nature, inspiring ecologies are necessary. The concept of nature-
based solutions (NBS) could be helpful in achieving this goal. State of the art urban planning starts
from the aim to realize a (part of) a city, not to improve natural quality or increase biodiversity. The
aim of this article is to introduce a planning approach that puts the ecological landscape first, before
embedding urban development. This ambition is explored using three NBS frameworks as the input
for a series of design workshops, which conceived a regional plan for the Western Sydney Parklands
in Australia. From these frameworks, elements were derived at three abstraction levels as the input
for the design process: envisioning a long-term future (scanning the opportunities), evaluating
the benefits and disadvantages, and identifying a common direction for the design (determining
directions), and implementing concrete spatial cross-cutting solutions (creating inspiring ecologies),
ultimately resulting in a regional landscape-based plan. The findings of this research demonstrate
that, at every abstraction, a specific outcome is found: a mapped ecological landscape showing the
options for urbanization, formulating a food-forest strategy as the commonly found direction for
the design, and a regional plan that builds from the landscape ecologies adding layers of productive
ecologies and urban synergies. By using NBS-frameworks, the potentials of putting the ecological
landscape first in the planning process is illuminated, and urbanization can become resilient and
nature-inclusive. Future research should emphasize the balance that should be established between
the NBS-frameworks and the design approach, as an overly technocratic and all-encompassing
framework prevents the freedom of thought that is needed to come to fruitful design propositions.

Keywords: food forestry; landscape first; nature-driven urbanism; nature-based solutions; research
by design; Western Sydney

1. Introduction

Global biodiversity is declining at a worrisome rate [1]. For instance, in the Nether-
lands, biodiversity has strongly declined during the last century [2]. Despite a range of
efforts, this decline is difficult to counteract, especially for vulnerable species [3]. In the
Netherlands, biodiversity, measured by the quality and quantity of nature, has reduced to
approximately 15% of its original state. Loss of biodiversity due to agricultural activities
and urbanization is the major reason behind the building up of biodiversity loss [4]. The
way humans exploit the earth has grown to such an extent that a whole new geological era
was defined by it: the Anthropocene [5]. Urbanization and the ongoing growth of cities in-
duce large-scale conversion of rural to urban landscapes, threatening ecosystems [6]. There
is a direct relationship between the way cities are developed and the negative influence
this has on the ecological quality of the environment. Current practice is hard to alter and,
where existing urban planning focuses on the developments, trends, and habits applied

Land 2021, 10, 651. https://doi.org/10.3390/land10060651 https://www.mdpi.com/journal/land1
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in the recent past, it seems to be repeating how policies responded to former experiences,
thus formulating copies of policies for novel or unknown problems of the future [7,8].
Simultaneously, alternative planning theories have been analyzed using literature reviews
that focus on planning theory, which separates out high and low dynamic land-uses, such
as casco-planning [9] and the strategy of the two networks [10,11]. This brought the change-
ability of urban layers to the fore [12]. Despite the fact that these alternative planning
frameworks have been studied for decades, their implementation, use in, and impact
on the transformation of urban development have been minimal. Green-blue systems,
structures, and spaces are recognized for their capacity to conserve biodiversity [13,14],
lead to environmental, economic, and social benefits [15,16], and can play an essential role
in mitigating and adapting to climate change [17]. Therefore, nature-based solutions (NBS)
have the means to not only support ecosystems, but also to redefine urban development
approaches. In this article, a design-led way to integrate ecological principles in urban
planning is explored by making use of NBS frameworks.

The term ‘nature-based solutions’ (NBS) was coined by the European Union and is
an umbrella term for a number of different approaches that use nature to improve urban
resilience, like green infrastructure, green space, restoring rivers, ecosystem services, and
ecosystem-based adaptation [18]. In the EU research and innovation policy agenda [17]
the following description is given: “Nature-based solutions aim to help societies address a
variety of environmental, social and economic challenges in sustainable ways. They are
actions inspired by, supported by or copied from nature; both using and enhancing existing
solutions to challenges, as well as exploring more novel solutions, for example, mimicking
how non-human organisms and communities cope with environmental extremes. Nature-
based solutions use the features and complex system processes of nature, such as its
ability to store carbon and regulate water flows, to achieve desired outcomes, such as
reduced disaster risk and an environment that improves human well-being and socially
inclusive green growth. This implies that maintaining and enhancing natural capital is
of crucial importance, as it forms the basis for solutions. These nature-based solutions
ideally are resilient to change, as well as energy and resource efficient, but to achieve these
criteria, they must be adapted to local conditions”. In short, the European Commission
defines NBS as [19]: “solutions that are inspired and supported by nature, which are
cost-effective, simultaneously provide environmental, social and economic benefits and
help build resilience. Such solutions bring more, and more diverse, nature and natural
features and processes into cities, landscapes and seascapes, through locally adapted,
resource-efficient and systemic interventions”.

The International Union for the Conservation of Nature defines NBS as [20]: “actions
to protect, sustainably manage, and restore natural or modified ecosystems, that address
societal challenges effectively and adaptively, simultaneously providing human well-being
and biodiversity benefits”. These solutions:

1. Embrace nature conservation norms (and principles);
2. Can be implemented alone or in an integrated manner with other solutions to societal

challenges (e.g. technological and engineering solutions);
3. Are determined by site-specific natural and cultural contexts that include traditional,

local, and scientific knowledge;
4. Produce societal benefits in a fair and equitable way, in a manner that promotes

transparency and broad participation;
5. Maintain biological and cultural diversity and the ability of ecosystems to evolve

over time;
6. Are applied at a landscape scale;
7. Recognize and address the trade-offs between the production of a few immediate

economic benefits for development, and future options to produce the full range of
ecosystems services;

8. Form an integral part of the overall design of policies, and measures or actions to
address a specific challenge.
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Hence, NBS are seen as deliberate interventions seeking to use the properties of nature
to address societal challenges.

NBS have illuminated a substantial potential to respond to climate change [21,22], to
adapt to climate change impacts [23–25], and to create co-benefits in urban areas. In this
way, NBS are well placed to accelerate urban transitions and create additional and multiple
health [26,27] and social [28] benefits, such as equity, fairness, and justice. The uptake in
governance and policy arenas [29,30] are seen as conditional for their success. NBS are
seen as a more efficient and cost-effective approach to design resilient landscapes and
cities that turn out to be economically viable and reach beneficial social and environmental
outcomes [31]. The implementation of NBS in cities, however, still requires significant
attention to be aesthetically appealing to citizens, create new green urban commons, create
trust in local government and the process of experimentation, secure diversity and social
innovation, be collaborative, develop an inclusive narrative, and develop design that can
be replicated in the long-term [32]. Therefore, “urban planners need to have an open
approach to collaborative governance of nature-based solutions that allows learning with
and about new appealing designs, perceptions and images of nature from different urban
actors, allows forming of new institutions for operating and maintaining nature-based
solutions to ensure inclusivity, livability and resilience” [32]. Furthermore, the importance
of collaborative research is acknowledged as a successful way researchers and practitioners
iteratively learn from coproducing knowledge using holistic, integrative approaches and
systematizing how multiple types of data and knowledge can be smartly used to plan for
adaptation and mitigation [33].

The all-encompassing meaning of NBS asks for an overarching concept, bringing the
diversity of directions together in the form of nature-based thinking, to use “inspiration by
nature as an outset for the development of more sustainable and inclusive cities, balancing
anthropocentric and eco-centric values and acknowledging the importance of the social and
governance dimensions in a more balanced socio-ecological perspective” [34]. The design
of NBS is seen as one of the knowledge gaps requiring further investigation in how design
knowledge and skills can be used to create multifunctional, environmental, and social urban
environments [35]. In this context, the impact of design approaches to nature-based and
nature-driven urbanism [36,37] could play an important role in discovering the benefits of
integrative and future-oriented creative ways of thinking to overcome well-known barriers
preventing implementation and upscaling of NBS, such as the fear of the unknowns, the
disconnect between short-term actions and long-term goals, the discontinuity between
short-term actions and long-term plans, sectoral silos, and the paradigm of growth [35].

This article begins by describing the context of the case study area, current approaches,
and related problems to urban planning and design, and identifies three useful NBS
frameworks for a design-led approach. In Section 3, the research problem and objective
are formulated, followed by the methodology and research design. Section 5 presents the
research findings, and the article is concluded with the discussion and conclusions.

2. Background

2.1. Case Study Area

The metropolitan area of Sydney is expected to grow from approximately five to over
seven million people in the next 20 years [38]. Where new housing will be located and
what supporting infrastructure are required is a major question that needs to be answered
at the larger scale. The Greater Sydney Commission has therefore developed a long-term
spatial strategy, dividing the total area as three complementary cities [39]. The majority of
new housing is, in this strategy, planned in the so-called third city of the Western Sydney
Parklands (Figure 1).
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Figure 1. Western Sydney Parklands study site.

The Western Sydney City Deal formulates, as its main ambitions to deliver, around
the anticipated Western Sydney airport, “a 30-minute city by delivering the North-South
rail link, create 200,000 jobs capitalizing on the new Aerotropolis and the new agribusiness
district, skilling residents in the region, respecting and building local character through
a livability program, and coordinate and innovate through a planning partnership, con-
tinuing to consist of all three levels of government” [40]. This area will be home to over
one million new residents and therefore requires a large-scale urban plan in which future
resilience is the condition for newly built homes.

The Cumberland Plain landscape [41] is vulnerable to development due to its high
ecological and aboriginal values, susceptibility to heat (with highs of 45 ◦C in summer),
droughts (due to prolonged heat and low precipitation in summer), and flooding (up to
nine meters of flooding during heavy rain and the rapid discharge of rainwater through the
confined creek systems), and the risk of bushfires in times of strong western-northwestern
winds combined with high temperatures [42]. The landscape is hilly, and the ground
is fertile with semi-open vegetation and shrubs, and it is used as sparse or dense cattle
fields and for chicken and mushroom farming. In this area a new airport is planned,
surrounded by a so-called aerotropolis, consisting of logistics and agribusiness, with one
million new residents, predicted to be living in approximately 350,000 new homes. The
infrastructure consists of new trainlines connecting the new precinct with the existing
urban area, bus connections, light-rail trams, and a new automobile grid with freeways
and tangential roads.

If the development process is driven by the path-dependency connected to former
urban typologies of urban sprawl, a vast sea of houses for one million people would
result in overthrowing the current qualities and values, but also introduce a higher risk
of bushfires, water scarcity, and water burden when it rains [43]. This context of rapid
urbanization, in combination with a vulnerable landscape and climatic changes, makes this
area an interesting research subject. Moreover, the way resources are generated, used, and
related to each other is an essential feature of future urban design planning [44]. Finally,
the local stakeholders and decision-makers have shown great interest in developing such a
large-size urban area in the most resilient and sustainable way, taking its ecosystems as the
base for their thinking.

4
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A city that is in balance with nature and ecology, inclusive of green infrastruc-
ture [45,46], and urban ecology [47–49] is often constrained by neoliberal urbanism [50,51],
in which market forces dominate the outcomes [52]. Despite the fact that consumers have
often declared their desire to reside in green environments [53,54], developers and builders
seem to follow their own market analyses which indicate that consumers demand the
largest homes for the lowest prices [55–57]. While this is a generalization, the dominance of
urban growth has long been characterized by fulfilling short-term needs and fast responses
to housing demand [38]. When an ecological urban development is prioritized, a long-term
urban plan is the only way forward. In current practice, it is very difficult to develop
such a long-term spatial strategy that is consistent for a longer period. Instead, ad-hoc
urbanism, driven by landownership, short term profits, a housing market under pressure,
and a quick development process, prevails, leading to an ever-continuing sprawl of new
housing [58–60].

2.2. Current Urban Development

Recent urban development in the Sydney metropolitan area has been characterized
by this market-driven pressure and has led to the building of homes of maximized size
on the plot they are built on, with black, heat-absorbing roofs, and built according the
4-2-2-concept: four bedrooms, two bathrooms, and a double garage [61]. In the urban
design, the location of the station at the center of the area and surrounded by all amenities,
offices and multilevel, multifunctional buildings, determines the lay-out of the neighbor-
hood. The dogma to house most people within a radius of 500 m from the station, means
the highest densities are found here and housing is planned in a convenient grid (80 × 40 m
or 80 × 80 m) further away. Waterways and riparian zones are seen as an obstructive stand
in the way of more housing, which are often built in low densities with their back to these
green zones. This business-as-usual urbanization model [62], represented by one recent
example of urban planning for the Austral-Leppington area in Sydney’s west (Figure 2), is
based on these urban planning principles:

1. A circle around the station and bus stop determines higher densities (in blue and
dark orange);

2. Outside the public transport corridors, other land-use, such as low-density housing
and green space, is located far from high densities;

3. The road system is designed to form an efficient grid;
4. Waterways are the spaces that remain after the station, density, and road system are

planned. Here, at a distance from the station, low-density housing is planned and is
only accessible by car.

The consequence of this is that in many urban plans, the landscape has become the
backyard of the city instead of an amenity for enhancing the quality of life and the value
of real estate. Moreover, these potential qualities are only available for a limited group of
residents: those privileged enough to have their backyard border onto these water and
riparian zones.
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Figure 2. Recent plan for the Western Sydney area: the plan for Austral & Leppington [62].

Current urban development seems to underestimate the consequences for increasing
the vulnerability of its future residents, sidelining the potential of green infrastructure
to create a healthy urban environment, both for urban ecology [47–49] and physical [63]
and mental [64–67] human wellbeing. Under current market stress this form of urban
development will, most likely, continue, resulting in a new phase of urban sprawl in
the westerns fringe of the Sydney metropolitan area, most probably in the form of a sea
of similar houses in identical neighborhoods (Figure 3). The vast area will be filled up
with housing similar to the Austral-Leppington plan. Figure 3 shows the future of such a
landscape, in the form of a redesign of the region, copying the current planning principles
as a montage.
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Figure 3. Copy and pasting of the Austral plan leads to continuous urban sprawl [68].

2.3. NBS Frameworks

To counteract a thoughtless replication of recent urban planning and providing the
directives to apply NBS, three major frameworks were used to guide this research.

In the first framework (Figure 4), NBS for climate-proofing, three phases are dis-
tinguished [69]. The initial phase, visioning and backcasting, describes the vision for a
climate-proof future and the concrete actions to make this vision a reality. In the second
stage, the benefits and costs of the vision and its actions are evaluated, and a preferred

7
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alternative is chosen. The final step contains the implementation and management of this
solution. In three steps, the framework (1) identifies, (2) evaluates, and (3) implements.

 

Figure 4. Assessment framework for climate-proof NBS (adapted from: [69]).

The second framework, shown in Figure 5, the co-benefits of NBS [70], consists of three
layers. In the first, broadest layer, four system dimensions are defined: the socio-cultural
and economic system, biodiversity, ecosystems, and climate. These systems are interlinked
with the benefits for human health, environmental performance, synergies to biodiversity,
and potential for citizen involvement [35]. The second layer identifies 10 societal challenges
faced by cities in light of global environmental change. The third layer, at the heart of the
model, integrates these subjects into a holistic approach, enabling cross-cutting solutions to
design NBS by understanding the environmental and socio-ecological context, addressing
multiple interconnected challenges, implementation across multiple scales, and using multi-
actor co-production processes over the long-term [70]. This framework entails thinking at
system, subject, and solution levels.

8
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Figure 5. Assessment framework for co-benefits of NBS (adapted from: [70]).

The third framework (Figure 6), NBS-typologies, introduces three types of NBS-
solutions. The first type of solutions enables better use and management of existing natural
ecosystems. The solutions belonging to type two aim to restore ecosystems, and the
third type of solutions aim to create novel ecosystems [71]. In short, these three types
can be characterized as managing, restoring or recreating ecosystems for land and water
environments when applied to cities or urban regions.

 
Figure 6. Conceptualization of NBS-types (adapted from: [71], based on [20,72]).

9
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3. Research Problem and Objective

In most urban planning cases, at least in the Australian context [73], current urban
development practices start with urban development. While this is obvious, an alternative
practice is yet to unfold. As mentioned before, the way cities are planned cause serious
problems for human as well as non-human lives. Climate impacts, loss of biodiversity,
social and health implications, and depletion of resources, are all, to a larger or lesser extent,
caused by urbanization. The market-driven way of exploitation of new neighborhoods,
such as in the Sydney metropolitan region, accelerates these problems. In practice, ecosys-
tems, biodiversity, natural water systems, and green space for recreational purposes are
seen as additions to the core of planning, which consists of housing and infrastructure. This
is a missed opportunity and disciplines, such as landscape architecture, urban planning
and design, should use their profession to create resilient cities. The urban fabric is all too
often the end to which green infill is added (Figure 7, left).

Figure 7. From (right) current practice in urban development towards (left) landscape-driven planning (by the authors).

Therefore, our research objective is to investigate how NBS can use these solutions to
design the landscape system before urban functions are embedded within the features and
vulnerabilities of the landscape. This takes landscape urbanism principles, well-known
for a long time [74–76], as the basis of the design. The main shift is not so much to use the
theory and methodology of landscape urbanism, but to implement it. This would imply
a transition from a process that takes housing and the urban program as the start and
adding green spaces as an amenity at a later stage (Figure 7, left), towards establishing the
qualities of the landscape first, which then determine the way urban infill can be adopted
(Figure 7, right).

4. Methodology and Research Design

In the methodology, abstractions of the three frameworks were used to guide design
workshops. Taking these frameworks as the point of departure acknowledges the role NBS
is expected to play in the design process, as a prime starter of the spatial propositions to
follow. Each of the frameworks thus provide input in three consecutive stages of design
(Figure 8), starting at the highest abstraction levels, then zooming in to concrete levels of
thought. The design workshops are guided to be interactive and iterative to guarantee that
the findings of each workshop will act as the foundations for the workshops to follow. The
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workshops themselves use an action research method [77–79], in which the researchers are
participants of the design workshops. Each of the following steps in the research process
are shaped using research by design principles [80–85] through which intermediate results
can be constantly assessed and valued [86].

Figure 8. Methodology (by the authors).

In three consecutive design workshops, which took place between April and Novem-
ber 2019 and used the design charrette method [87–90], novel concepts and ideas were
explored by allowing individual ideas to emerge and synergize into the overarching ob-
jectives and concepts. The design workshops consisted of a combination of work, such as
spatial analyses, mapping exercises, collaborative design, conceiving of spatial proposi-
tions, and the building of plasticine models, each used in a specific context, timing, and
appropriation. Since the objective of this research was to alter the urbanism approach from
an urban development point of view to a nature-driven perspective, each of the conducted
workshops started from an ecological point of view. In workshop one, the focus lay on
scanning opportunities at the highest abstract level (why), in the second workshop, con-
cepts were evaluated and one visionary direction was chosen (what), and, finally, during
the third workshop, this vision was designed in greater detail (how).

4.1. Workshop 1: Scanning Opportunities—Identify, System, Recreate

In the first workshop, organized in Parramatta, NSW, Australia, a total of 50 partici-
pants took part, including representatives of the regional and state government, the utility
sector, local councils, community groups, researchers from four local universities, profes-
sional designers and consultants, and organizational change managers. The professional
background of the participants was broad and included landscape architects, urban and
regional planners, ecologists, agronomists, sustainability experts, water system specialists,
environmentalists, policy and public administration professionals, energy experts, students,
and local citizens. The researchers took on different roles in the lead up to, during, and
after the workshop. They designed the process, facilitated the workshop, participated
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as designers, conducted the analytical mapping beforehand, reported on, and illustrated
the results.

From the NBS frameworks introduced before, the aspects identify, systems and recreate
(see Figure 8) were used as the input for the first workshop. The major problems, such as
climate change and impacts, degradation of the land, flood risk, social divide, food system,
transportation, eco- and water systems, socio-economics, citizen engagement, and their
social habitat, were identified and scoping of their future potentials was undertaken in the
form of exploratory scenarios. During the workshop, special attention was given to ways
novel ecosystems could be recreated, fitting with the historic qualities of the Cumberland
Plain [91]. To interlink spatial scales, analytical mapping was conducted before the start
of the workshop, which gave layered information on the potential direction for future
urban planning.

At this stage of envisioning the future, creative methods, such as the art of the long-
term view [92], futuring [93,94], and spatial visioning [95,96], were applied. Focusing on
the long-term while making choices in the present requires a method that fits the long- and
short-term simultaneously, and, thus, the backtracking method was used [97] to make this
process tangible. Additionally, an exploration of involved stakeholders and residents was
undertaken, using the method of actor-network mapping [98,99] and assemblage [100–102].

4.2. Workshop 2: Determine Directions—Evaluate, Subject, Restore

The second workshop, also organized and held in Parramatta, was attended by
35 participants. The typology of participants, their professional backgrounds, and the
roles of the researchers were very similar to the first workshop. The concepts derived
from the NBS frameworks, evaluate, the subjects, and restoration (see Figure 8), formed an
additional set as the input for the sessions. The second workshop started with evaluating
the analytical mapping work on the potentials, impacts and problems of the regional
ecosystems, and the high-level vision, determined in the first workshop, on how urban
developments could be embedded in the landscape. The benefits, associated problems, and
implications for the four distinguished systems (socio-economic, ecosystems, biodiversity,
and physical) were tested against each of the relevant subjects in this area (green, water,
climate, food, participation, health, air, urban social, and economy).

The workshop aimed to find a common (NBS-)direction, framing, and enhancement of
the implementation of the vision, connecting the different subjects with each other in a way
that is usable as the spatial concept for the final workshop. To achieve this, scenarios were
developed, which took the food system as the foundation for exploring future directions.
Three spatial propositions were developed: autarkic food provision, a regenerative and
reciprocal food system, and high-tech agri-business production. These scenarios were
amalgamated into one scenario that formed the basis for a common, urban [103–106]
and food-forestry [107,108] direction, capable of thriving alongside the restoration of the
regional ecosystem.

4.3. Workshop 3: Creating Ecologies—Implement, Solution, Manage

Workshop three was carried out at the Hawkesbury campus, Richmond, NSW, Aus-
tralia, and approximately 20 participants took part in this final workshop. The participants
were largely of the same background as in the first two workshops, but with a limited
number of people due to the intensity of the expected design work. While each type of
participant, and their professional background, were still represented, fewer people could
participate. The researchers prepared and designed the workshop, facilitated, acted as
co-designers, and made sure the results were illustrated and reported.

As a first step, the design work took guidance from workshop two, with food-forestry
as the conceptual framework to start the regional design. The NBS-frameworks provided
the third set of inputs through the implementation, cross-cutting solutions, and management
(see Figure 8) of ecosystems. This third workshop was concerned with making the visionary
outcomes of workshop one and the conceptual direction derived from workshop two into
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a concrete landscape design for the Western Sydney Parklands. Practical considerations
on cross-cutting issues, that work on multiple scales and are multi-actor oriented, were
transformed into a concrete spatial proposal for the region, illuminating on the types
of food-forests, living areas, and natural spaces were envisaged in the landscape. This
third design workshop integrated the what if explorations into a spatial strategy for the
long-term, creating a holistic vision of how regional urban development could become a
resilient and productive urban landscape.

5. Results

The findings of this research are presented as outputs from the three workshops,
reflecting the described methodology. However, many of these findings emerged simulta-
neously and should be read in parallel.

5.1. Scanning Opportunities

The outcomes of the first workshop were based on the identification of problems and
possible visionary futures at the climate, ecological, and social systems level, aiming to
recreate the regional ecosystem (type 3 NBS). The main climate change factors impacting
the region were taken as the point of departure for the workshop: current maximum
temperatures (up to 47 ◦C) and a maximum potential flood (MPF) [109] level of nine meters
above mean water levels, must be seen as the lower limits of change. In this light, it was
not enough to restore or manage existing ecosystems and, thus, envisioning a long-term
future was undertaken in which the re-creation of the ecological systems was mapped
out. In an iterative process, elevation, soil, vegetation, waterways, future flood-risk, and
ecological remnants were mapped to understand the nuanced sensitivities of life and the
reliability of available water, sunlight, shade, coolness, and other factors that determine
the opportunities for the historic Cumberland Plain ecology [91] to re-appear in symbiosis
with future human occupation. The landscape is there and is re-established through
its creeks and side streams, the contours and potential discharge of rainwater, and the
potential natural vegetation [88]. Once this landscape ecology was understood as the
basis of regional planning, current steps forward could be defined: estimation of future
flood risk (doubling of the current calculated MPF), the remainder of occupiable landscape,
the so-called urban fields, and the infrastructural conditions for a nature-based urban
development (Figure 9).

As an overarching vision, the landscape was seen as transforming by the natural terra-
forming forces of the free-moving creek system, shaping a resilient water system, which
contains surpluses of water for later use. A transition zone between the Blue Mountains
and Nepean and Hawkesbury River basin and the fine network of the South Creek system,
with all its side-gullies, was established. Only then, urban infill thinking emerged.

The second major output of this first stage of the research was the mapping of the social
network. The participants of the design workshop each defined their role, background,
organizational embedding, and relation to every other participant (if apparent), which
led to a complex inter-relational actor-network map (Figure 10). In the context of the
Western Sydney Parkland development, this was seen as an important means to allow
for the involvement of stakeholders and residents alike for two reasons: (1) to connect
people from the region to the planning and design process, and (2) to recreate the quality
of the social system. The latter was important since the south-western part of the Sydney
metropolitan area is seen as lagging behind when it comes to income, education, jobs, crime,
and health [42], compared with the wealthier north-west. Together with the understanding
of the ecological landscape, this social landscape also played a role in gaining support for
NBS, acceptance of the future vision, and permanent involvement of local people to start
with during the second design workshop.
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Figure 9. Landscape with elevation, water and vegetation (top left), flood-resilience (top right), urbanization potential
(bottom left), and landscape urbanism and infrastructure (bottom right) (source: Mushi, Shalala, and Young [68]).
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Figure 10. Actor-network mapping of the Western Sydney Parklands citizen and organizations involvement (source:
Roggema and Monti; illustrated by Stewart Monti).

5.2. Determine Directions

The actor network that was formed during the first workshop continued working
together on the evaluation of the findings during the second workshop. The long-term
vision was taken as the subject to evaluate a range of relevant subjects in the Western
Parklands: green, water, climate, food, participation, health, air, urban, social, and economy.
To balance these subjects of ecology, sociology and economy, a uniting element was found in
the choice for the type of food system as this brings in viability, connectedness, biodiversity,
and the environment all at the same level. To take the full spectrum of possibilities into
account, three scenarios were developed: high-tech, regenerative, and autarkic.

The first scenario (Figure 11) focused on establishing a high-tech agri-business com-
plex. It comprised of high-intensity commercial and industrial developments surrounding
the future airport. In this scenario, two unique elements were identified: aerospace and
greenhouse agriculture. The South Creek flood plain was reserved and the existing West-
ern Sydney Parklands extended further south. A key focus of this scenario was also a
wastewater treatment plant integrated into the floodplain. Wastewater was captured from
both the aerospace and greenhouses, along with surrounding residential areas, and fed
back into the system.
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Figure 11. High-tech food system (source: Roggema and Monti; illustrated by Stewart Monti).

The second scenario (Figure 12) was based on the idea that direct linkages of producers
to consumers, or smaller retailers, replace the conventional supply chain: a reciprocal food-
system. This prosumer concept [110] assumes a significant increase in productivity at the
metro-rural scale based on the advantages that come from direct purchasing. Rural villages
and connections to urban agriculture in the existing city shift consumer preferences in
the market. Ideally this is accompanied by an education program designed to promote
eating for health to build market demand. This scenario combines agriculture and energy
generation, tying it to residential areas. The daily market was seen as the node connecting
these two, providing the means for producers to liaise directly with consumers. The
floodplain was kept free from developments and its ecological function was only exploited
for small-scale aquaculture. The airport was surrounded by a food-forest, which also
provided valuable, publicly accessible green space for nearby residents.

 
Figure 12. Regenerative food system (source: Roggema and Monti; illustrated by Stewart Monti).
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Scenario three (Figure 13) took food production as a public good, mixing agricultural
typologies carefully attuned to the characteristics of particular locations. Autarkic and
regenerative food production improves soil and water qualities, increases biodiversity and
resilience, recycles nutrients, and supports bio-sequestration. This implies new forms of
co-governance, providing incentives for local food production. A pair of new parklands
were introduced, which also run north to south. Agricultural production would take
place within these new parklands. On the fringes of these areas, farms were coupled
with associated services, residential, energy production and water treatment, to create
self-sufficient communities linked by active transport routings.

 

Figure 13. Autarkic food system (source: Roggema and Monti; illustrated by Stewart Monti).

The amalgamation scenario (Figure 14) subsumes aspects of each individual scenario
in one tripartite vision. Resilience is the most influential conceptual practice underlining
future city-making. It closes food, energy, and water loops, creating a purifying city
which commonly manages its resources [111]. It incorporates Aboriginal custodians’
knowledge and generates the realization of the so-called OCHRE strategy, which takes
Aboriginal values as the foundation for planning and development [112]. Moreover, it
introduces localized, regenerative agriculture for remediation which can “start replenishing
and treatment at the source then move downstream”. It proposes an active community
engagement and co-design process shaped as a living lab, applying quadruple helix co-
governance. In the amalgamation scenario, there is an important role for the resilience of
the South Creek, which was not only recreated as an ecological floodplain area, but was
also restored to its historic eco-qualities.

Derived from the amalgamated food-system, a spatial strategy was conceived, which
could restore the natural system while meeting the needs of current demands, such as future
climate, flood, heat, food, housing, biodiversity, recreation, social interaction, and economic
viability. It embraced the vision of a landscape that satisfied the need to create a cooling
environment, in which vegetation, water, and shade rhizomatically ramify themselves in
smaller branches. The creative working process resulted in the conclusion that a food-forest
strategy could bring multiple benefits: operating as a sponge, providing building materials
for urban development, increasing biodiversity, and supplying indigenous and local food
to the residents of the new city. Planting eight million trees, one for every resident living
in the Sydney metropolitan area in 2045, would allow them to start growing, capturing
carbon and nitrogen, creating timber for construction purposes, and provide a cooling
canopy for later urban infill.
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Figure 14. Amalgamated scenario (source: Roggema and Monti: illustrated by Stewart Monti).

The six proposed forest typologies (Figure 15) relate to indigenous forest communities
of the Sydney metropolitan area [91] and depend on local factors, such as the soil, humidity,
and climate, and require mixed planting (indigenous fruit, special timber, and nuts) or a
link to permaculture when dealing with food-forests.

Figure 15. Food-forest typologies (by the authors).

The six typologies are described as follows:

1. A forest in which water can be stored so the environment can be cooled, flattening
the potential flood risk. Riparian forest communities are used to flooding and, thus,
form a buffer between areas where people live and the (potential) floodplains of the
creeks. Apart from the water in the creeks and the evapotranspiration, the shade of
the extended tree canopy network results in a much cooler environment. At the same
time, these forests form ecological corridors in the region, linking similar habitats.
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For these areas near the rivers, the use of alluvial woodland, with common species
such as Eucalyptus amplifolia, E. tereticornis, and Angophora floribunda, and riparian
forests, with common species Eucalyptus botryoides, E. elata, Angophora subvelutina and
A. floribunda, were suggested [91];

2. A forest operating as an emerging ecological reserve. Due to deforestation and the
pressure of different forms of land use, such as housing development and agriculture,
some habitats and linked species can only be found in small pockets of land. Some of
these species are rare and endemic. These are relics from historic ecosystems which
are slowly disappearing or becoming extinct;

3. A forest used as timber production for building materials. Some areas in the timber
forests are meant to be cut (checkerboard pattern) and used for buildings being built
at the open patches in the direct vicinity;

4. A forest used as the producer of cross laminated timber (CLT). As some of the timber
forests are meant to stay, with ongoing thinning as harvest products for timber and
CLT, the set up might be different than traditionally managed timber forests.

For typologies two, three, and four, the Sydney Turpentine-Ironbark Forest, typical
of the inner west region, was proposed. This forest type is indigenous to the Sydney
metropolitan area and is classified as endangered under the Threatened Species Conser-
vation Act 1995 [113]. This forest community can be very well used in typology two and
its common species may serve as a base for typologies three and four. The forest type is
dominated by Syncarpia glomulifera with Eucalyptus paniculata and E. eugeniodes occurring
less frequently [92]. The Syncarpia glomulifera, or turpentine tree, is highly durable, as
its timber is used in heavy-traffic flooring and for poles and wharves. It resists marine
invertebrates and termites and is one of the most difficult timbers to ignite [114]. It is
described as a hardy and adaptable tree, as turpentine tolerates heavy soils and frosts
and is suitable for large gardens and parks, where it provides good shade with its dense
canopy [115,116].

5. A forest used as a food-growing area (agroforestry). In many of these systems, trees
and woody perennials were combined with growing fruits, nuts, and vegetables
(annuals). The local opportunity here is to grow native products which are often
unknown to consumers. This means making use of indigenous knowledge of plants
and food production. Again, this strengthens biodiversity and resilience, and makes
people care for their environment;

6. A forest used as a home to free-range pig and chicken farming. It is well known
that boars were raised in forests on the island of Corsica in combination with rich
productive forests. The boars were fed on chestnuts, corns, and fruits. However, the
animals should be part of a well-balanced flow of nutrients and be a sustainable part
of the agroforestry system [117].

For typologies five and six, prevailing local forest communities are suggested in
combination with permaculture techniques. As this would influence the humidity of the
soil over time, more moist-appreciating species could gradually be added to the range
of species. With bushfire controlling strategies and the use of different forest typologies,
an extended, biodiverse, and multifunctional forest could be created based on traditional
knowledge [118]. Although site-specific studies need to be done, the overall effect of
growing extended forests in Western Sydney would be that rainfall, especially in dry
summers, would increase. Wright et al. found that transpiration helped to drive the
seasonal cycle of rainfall in the southern Amazon [119]. These typologies can be used
as the design principles in an intelligent combination to direct climate adaptive forms
of urbanization.

This forest strategy gave direction to the regional spatial design explorations that were
the subject of the third and final design workshop.
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5.3. Create Ecologies

The third stage of the research, e.g. the third design workshop, focused on designing
the implementation of solutions and looking at the way ecosystems can be managed in an
urban context. This built upon the directions from research stages one and two, embracing
the long-term vision, putting the landscape at the heart of future regional planning, and
directing the regional plan from a food-forest perspective using the six indigenous forest
typologies. In this way, NBS were connected to the social and economic systems through
enriching urban livability and human health, demands for recreation, food production,
circular resource management, and community engagement and co-creation of the future.

Here the results are presented in a series of six mapping stages as an emergence of
ecologies (Figure 16a–e).

First, the current water network is captured (Figure 16a). The flow of the main
water courses is based on the local topography, determining the ecological gradients and
pathways of discharging waterflows through the landscape. The expected flood risks
appear in the zones next to the main streams.

Second, alongside the streams, a riparian zone was planned (Figure 16b) in which wet
forests would create the ideal conditions for sensitive ecologies, increasing biodiversity
and where surpluses of floodwater could be captured, preventing flooding in other parts
of the urban landscape.

The third stage entailed the introduction of an ecological grid (Figure 16c) forming
the frame for structural ecological connections, linking wet and dry, and nutrient-rich and
-poor parts of the landscape. This framework allows for an increased ecological connectivity
and exchange, enhancing eco-capacity.

Stage four introduces plantations of timber forests in the inner parts of the eco-
framework (Figure 16d) to produce building materials for homes. This timber is grown in
areas of 1 km2, within which housing compounds in high densities were foreseen, with
each compound home to about 20,000 people. In the entire Western Sydney Parkland, 50 of
these timber cities, in total, could be planned on the higher parts of the region, totaling up
to the one million people that are projected to live in this area.

The remaining area within the inner framework (Figure 16e) was designed as a mix
of productive agroforestry for fruits and vegetables and some intensive forms of food
production, such as aero- and hydroponics.

Finally, under the future flightpath, the food-forest would host free-range chicken
and pig farming (Figure 16f) where the animals can, within limits, forage freely under
and in between the trees, providing high-quality products from local land. The remaining
land was made redundant as a future spatial resource, which could be made productive
if circumstances, demands, or developments change. It could be used to grow food or be
developed on an ecological basis.

Together, these forest typologies simultaneously build up the landscape and the city.
The quality of the urban environment co-evolves with the enrichment and increase of
natural values. It contributes to the resilience for sudden climatic changes and impacts
that cannot clearly be foreseen. Finally, it provides the urban population with a natural
recreation space and a healthy environment to live in or nearby.
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Figure 16. Cont.
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Figure 16. Cont.
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(e) 

 
(f) 

Figure 16. (a) Elevation and water courses (source: by the authors; illustrated by Stewart Monti), (b) Riparian ecology
zoning of the water system (source: by the authors; illustrated by Stewart Monti), (c) Ecological grid connecting water and
ecological landscapes (source: by the authors; illustrated by Stewart Monti), (d) Housing compounds embedded in the
ecological grid (source: by the authors; illustrated by Stewart Monti), (e) Agroforestry of fruit, vegetable, and small cattle
farming within the compounds of the eco-grid (source: by the authors; illustrated by Stewart Monti), (f) Free range cattle
under the flightpath (source: by the authors; illustrated by Stewart Monti).
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6. Discussion

NBS: hype or novel theory?

NBS is a relatively recent concept, and a range of literature has emerged aiming to
theorize on it. A broad spectrum of topics is related to NBS: social, climate, economy, health,
green, water, and many more. It is applied to different spatial scales and used in rural,
natural landscapes as well as in urban contexts. There is a common feeling about NBS that it
is appealing and a potential denominator for creating more resiliency. There are assessment
frameworks developed and the concept is used in (urban) planning and concrete projects,
some of which are suddenly dubbed nature-based. Therefore, the question that can be
asked is whether NBS is hype or a novel theory? For NBS to become an autonomous theory,
there should be a unique aspect to it, not just a next (or alternate) label for creating more
ecological cities or landscapes. If NBS is only reframing the concept of ecosystem services
or thinking in green grids or urban green-blue infrastructure, the danger of copying old
concepts, including the reasons for failure, is apparent. Instead, NBS should offer new
theoretical insights, for instance regarding the role nature-based takes on in the planning
process. This requires further debate about the exact meaning of nature-based in a spatial
planning environment and in urban development.

Nature as basis in a dynamic context?

In addition to the above, the implications of taking nature as the basis for solving
current and future problems concerning the resilience of cities and landscapes, it can be
stated that nature (ecosystems, water systems, the landscape, biodiversity, and all their
interrelations) should be the driving force for every development. This goes beyond
conserving species or (eco-)systems and aims to understand the functioning of the natural
system, improving this through sensitive urban and rural planning and design. The
question that deserves more attention is how this understanding of nature can be made
applicable in a dynamic planning context.

NBS: detailed assessment or guide for design?

Some argue that by measuring and assessing elements of NBS, these will lead to an
easier realization of these solutions. Therefore, several frameworks were proposed, some of
which were used in this article. However, the level of detail and the abundance of subjects
incorporated into these frameworks increase their complexity and decrease the ease of
applying them in a practical planning process. There is a tension between the desire to
assess the effect of NBS in detail and the use of more abstract guidance, derived from the
frameworks, in conceiving designs that establish and realize NBS in concrete situations.
In this article, three frameworks were used to define the direction of thought and, thus,
make the NBS frameworks applicable in the design process at three abstraction levels. The
discussion could be taken further by exploring an optimal balance between a detailed or an
all-encompassing assessment and an abstraction of this and the relative freedom of thought
to mold NBS-designs.

This, then, would make it possible to use the NBS-theoretical frameworks in practical
design processes. To be useful, the frameworks need to give enough freedom to allow for
the searching of novel applications and solutions, while at the same time directing the
designers in the process towards basing their solutions on the desired natural qualities, an
increase in biodiversity or extensions of ecological areas and corridors.

The interpretation of NBS in a design process is a matter of perspective. Planning
NBS could take, at least, three dimensions: (1) when cities and landscapes are designed,
integrate more NBS as part of the plan, (2) design cities and landscapes based on nature,
and (3) design the desired regional and local ecosystem as one large nature-based solution.
These preliminary directions require further elaboration.

NBS: beyond the urban-rural?

The urban-rural dichotomy is dominating the way our cities and landscapes are
planned. This paradigm of separating the urban from the rural leads to distinct approaches
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for rural NBS and NBS in cities. The essence of ecological systems, however, is interconnec-
tivity between the urban and the rural. This implies that NBS should be developed for the
entire continuum of the city-urban and fringe-rural, demanding one coherent approach.

NBS as the subject in participatory planning

Finally, the success of NBS could be related to the design process. A participatory
planning approach, suggested in this article, emphasizes the role of stakeholders and
citizens in the conception of design solutions. This brings expert views and laymen
visions together and allows for non-design experts to be directly involved, co-design, and
understand proposed NBS. This results in more support for the future vision and less
obstruction afterwards. This, as opposed to top-down governmental planning processes or
even designer-led visionary approaches, which might be technically the best solution, yet
are not always the perceived best solution.

7. Conclusions

Designing resilient landscapes using abstractions of NBS-frameworks

Current urban development places the urban in the development first, leading to
suboptimal or poor outcomes for biodiversity and resilience. NBS is seen as a potential way
to create better solutions for both humans and non-humans. In this article, NBS frameworks
were used in the design process, enabling the exploration of planning that considers these
aspects more thoroughly. The use of three NBS frameworks drove the design process. To
achieve a fluid design process, the detailed and all-encompassing nature of the frameworks
were abstracted at three levels, forming the input for three consecutive creative design
workshops. At the highest level, the long-term visioning took place in which the re-creation
of socio-ecological systems could be envisioned in the form of a regional landscape. This
vision was then evaluated at the second level of abstraction, subject-by-subject, and led to
concrete design directives, in the form of a commonly conceived food-forest strategy, to
be implemented at the lowest level of abstraction: cross-cutting solutions, integrating a
spectrum of concrete design aspects related to NBS at the regional planning scale.

NBS: connecting the dots through a spatial food-forest strategy

A food-forest strategy, as proposed in this article, offers good opportunities to connect
a range of ambitions to enhance ecology, water conservation, timber production, the growth
of food, livability, and health. The multiple benefits of forest typologies can structure the
urban configuration, is well placed to anticipate future change, increase ecological values,
and provide the building materials and space for food production in conjunction with urban
spaces. A multifaceted and integrated approach concerning planning, participation, and
ecological resilience is highly relevant. It makes sense to use NBS to direct the urban design
and planning practice to, not only, increase the size of nature reserves, or improve nature’s
quality, but to develop a systemic urban future, which is more resilient and healthier to
both its natural inhabitants as well as its human ones.

NBS: putting the ecological landscape first

The shifting mindset is to put the ecological landscape first in the planning process,
followed by enriching and extending the ecological resilience and qualities, and, ultimately,
embedding urban uses and provisions into the plan. By analyzing the current vulnerabili-
ties and systemic characteristics of the ecological and water systems in the landscape, NBS
informs and guides urban planning. The plan for the Western Sydney Parklands offers a
systemic change, both in the way of working (putting landscape first in the design and
planning process), as well in the time horizons considered (using the growth of plants and
trees as the timeframe of development). System innovations like these imply systemic
changes and enable ecological, social, and technological innovations, as well as the inter-
action between them. An (urban) design approach in which the landscape is taken as the
point of departure brings nature-based planning and design practice to the fore, supporting
the implementation of resilient and ecological solutions. When landscape is put first, the
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starting point of the planning and development of cities begins on a different foot and uses
NBS as strategic spatial guiding principles.
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Abstract: Shanxi, one of China’s provinces, has been approved by the State Council as the only state-
level comprehensive reform zone for resource-based economic transformation in 2010. Consequently,
the implementation of National Resource-based Cities Sustainable Development Planning (2013–2020)
and The State Council on Central and Western Regions Undertaking of Industrial Transformation
Guide were also introduced. As a result, many agricultural lands were urbanized. The question is
whether the transformed land was used efficiently. Existing research is limited regarding the impact
of the government-backed transformation of the resource-based economy, industrial restructuring,
and urbanization on land use efficiency. This research investigates urban land use efficiency under the
government-backed resource-based economy transformation using the Bootstrap-DEA and Bootstrap-
Malmquist methods. The land use efficiency and land productivity indexes were produced. Based on
the empirical study of 11 prefectural cities, the results suggest that the level of economic development
and industrial upgrading are the main determinants of land use efficiency. The total land productivity
index declined after the economic reform was initiated. The findings imply that the government
must enhance monitoring and auditing during policy implementation and evaluate the policy effects
after for further improvement. With the scarcity of land resources and urban expansion in many
cities worldwide, this research also provides an approach to determining the main determinants of
land use efficiency that could guide our understanding of the impact of the future built environment.

Keywords: land use efficiency; land productivity index; technological change index; technical
efficiency change index; Bootstrap-DEA; Bootstrap-Malmquist; China

1. Introduction

Rapid urbanization and industrialization, supported by an extensive land use pattern,
have resulted in land urbanization occurring significantly faster than population urbaniza-
tion in China. From 2005 to 2015, the area of urban built-up areas in China increased from
32,221 km2 to 52,102.31 km2, with an annual growth rate of 5.47%. Meanwhile, the urban
resident population increased from 562.1 million to 7711.6 million, with an annual growth
rate of 3.38% [1]. Moreover, the inefficient use has coexisted with urban sprawl, which
has exacerbated the tensions of the human–land relationship [2,3]. Concurrently, as in
many other countries, countless negative effects have emerged in the development mode of
urban expansion, including but not limited to the reduction of high-quality farmland and
deterioration of the environment and ecosystems [4–6], as well as an increase in potential
risks relating to food security [7].

Before the economic reform in China, resource-based cities played a significant role
in their contribution to the nation’s wealth and local employment. Resource-based cities
are cities dominated by extractive industries and heavy industry under a low-tech and
extensive economic development model. They depend primarily on the exploiting and
processing of natural resources, such as minerals, energy, or virgin forests [8]. In contrast,
the economic activities of non-resource-based cities rely on textiles, electrical and electronics,
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transport equipment, and manufacturing. There are 262 resource-based cities in China
according to the Plan of Sustainable Development for Resource-based Cities (2013–2020) [9],
where 25 percent of the resource-based cities’ developments are derived from coal mining.

Previously, the central government has dominated the tax rules and distribution of
resources. The State collects a major portion of taxes from the state-owned resource industry
and sets an unfavorable price for the resource industry. Because of diminished revenue
from unfavorable selling prices and tax collection, the local council was seriously deprived
of funds for any development, leaving the local community exposed to potential risks from
the damaged ecological system and vulnerability for its heavy reliance on employment by
the resource-related industry [10]. Together with other centrally-designed strategic plans
for the nation’s industry structure, the unfavorable pricing system led to an unbalanced
and distorted industry distribution in China. Coastal cities and other energy-consuming
heavy industries are the beneficiaries of such a low coal price policy. Studies have shown
that coastal cities and eastern China are the regions with relatively high GDP outputs and
higher land use efficiencies [10–13].

The use of natural resources is not sustainable as they are non-renewable. Resource-
based cities have encountered more prominent land use problems, as land use is more
extensive, and the ecological environment has deteriorated significantly [12]. The root cause
of this result is a single energy-intensive, high-emission, and low-tech industrial structure
formed by a long-term reliance on resource development [14]. Against this backdrop, the
Chinese Government has recognized the importance of developing sustainable resource-
based cities. As of 2000, the State started taking initiatives and measures, backed by a series
of documentations and billions in financial aid, aiming to improve resource-based cities.
The measurements include optimizing the industrial structure by cultivating replacement
industries, such as biomedicine and smart manufacturing; recovering the destroyed land
by mining into “ecological land”, such as parkland, woodland, grassland, lake, and marsh
water surface to improve the living environment; and promoting the urbanization of
mined-out and subsided areas through immigration relocation or centralized resettlement.
However, the earlier preliminary studies have shown that economic transformation is
effective in addressing the conflict of land use and economic development, resulting in a
protected and restored ecological environment [10]; the impacts of economic transformation
policies on land use efficiency need further testing.

Land use efficiency is an economic concept. From an economic perspective, land
supply is inelastic. Improving land use economic efficiency can be interpreted as either
the incensement of economic output while maintaining the same land input for economic
activities or keeping the same economic output with a lowered land input for economic
activities. On the other hand, the rapid progress of urbanization on a global level has
seen land use efficiency become an even more pressing worldwide issue for all developed,
developing, and underdeveloped countries due to the scarcity of land. From an interna-
tional perspective, a wide range of policies and regulations has been developed to improve
urban land use efficiency and manage urban sprawl. Developed countries, represented by
the United States and Europe [15–17], have adopted government intervention measures.
Some examples are zoning ordinances and urban planning, smart growth by increasing
the development density and curbing urban sprawl [16], and spatial planning towards
compact urban forms to manage urban growth effectively [17]. They have also established
tradeable land development rights to improve land use efficiency [18]. Similarly, a series
of policies have been introduced and implemented for managing land use in recent years
in China, including cultivated land protection policies [19,20], land use planning, and the
allocation of a construction land quota. More toolkits have been introduced to enhance
land use efficiency in urban built-up areas, including industrial upgrading policies and
urban renewal patterns. Some examples are the reconstruction of “three-old” (old town, old
factory house, old village house) in Guangzhou and urban renewal in Shenzhen. However,
urban land use efficiency is not only a response to land use management policies and mea-
sures, it is also the result of the joint effects of resource endowment, economic development
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level, industrial structure, and population. The constant land depletion could cause land
damage problems, such as collapses, landslides, mudslides, ground subsidence, ground
fissures, open pits, and mining pits, and land occupation problems, such as waste rock (soil,
slag) yards, coal gangue piles, tailings ponds and industrial squares. The above-mentioned
problems cause damage to the topography and landscape and have a serious impact on
the land’s function. It is thus important to understand the impact of land use efficiency
and the integration of economic, environmental and societal impacts that land use changes
have on sustainability.

In recent years, the evaluation of urban land use efficiency and the identification
of driving factors responsible for urban land use change has attracted more attention
from scholars of various countries. Zitti et al. [21] have examined the direction and
intensity of metropolitan growth in post-war Athens, analyzing development drivers using
regression models based on 13 indicators. Valerio et al. [22] have studied the pace and
dynamics of urban expansion in the Metropolitan City of Rome. Abdullahi et al. [23] have
evaluated and forecasted the residential development of Kajang City in Malaysia based
on compact development. The investigation of efficiency and drivers of urban land use
in China appeared in different research scales—such as national, city circle, provincial,
or single cities—and have focused on the construction of an evaluation index system,
evaluation method, and analysis of efficiency difference [2,24–26]. An evaluation index
system is usually constructed using the input-output indicators of the economy, society, and
environment. The key indices include investment intensity, labor, financial expenses, urban
land release, and economic output. The data envelopment analysis (DEA), a nonparametric
frontier approach, has been widely used to model and analyze land use efficiency because
it has the advantage of consolidating all relevant indicators into one overall indicator
to support a more comprehensive performance comparison. Recently, DEA has been
extended to the stochastic production function with improved measurement accuracy,
the Malmquist index analysis, and Bootstrap-DEA [27]. The indicators and methods of
previous research provide a good foundation for the following research. However, little
research has been conducted on urban land use efficiency throughout the resource-based
economic transformation. Further, there is a lack of information concerning a targeted
evaluation index system. Therefore, developing an index system and tool for measuring
urban land use efficiency in a resource-based economy transformation is worthwhile.

This paper studies the impact of urban land use efficiency on the resource-based econ-
omy under the transformation period. The research further explores the main influencing
factors of a resource-based city in the context of economic transformation. Cities in the
Shanxi Province, China, are selected as a case study since most have developed a single
industrial structure dominated by coal mining and coal chemical industries. Coal mining
has resulted in undesirable land use consequences, such as mined-out subsidence areas,
soil contamination, land occupation, and industrial and mining wasteland.

In November 2010, Shanxi Province was approved by the State Council as the only
state-level comprehensive reform zone for resource-based economy transformation in the
country. Under the premise of protecting and restoring the ecological environment, Shanxi
Province was allowed to conduct a series of reforms in various fields, including systems
and mechanisms, to promote emerging industries, organic clusters and networks, and
enhance economic vitality. In 2017, the State Council further emphasized the economic
transformation reform, putting forward suggestions for deepening Shanxi Province’s
transformation reform. The aim was to explore a new road of transformation, upgrade
innovation-driven development, and form a scalable and replicable experience. This
research is significant for the government’s understanding of the effects of implementing
economic transformation policy and the factors that affect land use efficiency. The research
findings can be used for guiding the planning of land for urban development.

We began developing the input–output indicators according to the goals of resource-
economy transformation using the Bootstrap-DEA and Bootstrap-Malmquist index for
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measuring urban land use efficiency before and after the resource transformation reform.
Further, we analyzed dominant factors affecting the changes in urban land use efficiency.

The remainder of the paper is organized as follows. Section 2 introduces the method-
ology and data consisting of the input-output indicators selected, Bootstrap-DEA, and the
Bootstrap-Malmquist index for measuring urban land use efficiency. Section 3 uses the
approach described in Section 2 to conduct an empirical study on the change of urban land
use efficiency in Shanxi Province from 2006 to 2015. In Section 4, a regression model using
panel data is employed to analyze the main determinants that may influence urban land
use efficiency. Section 5 concludes this study.

2. Methodology and Data

Urban land use efficiency is an important indicator for measuring the efficient allo-
cation, operating status, and management level of urban input resources. The theoretical
framework of land use efficiency concerns an application in economic analysis for compar-
ing the alternatives of recourse allocation doing business and, an analysis of environmental
and ecological systems to ensure the protection and the renewability of valuable land
resources [28–30]. The efficiency is usually explained by the changes in effect compare the
land use related activities to the changes in resources consumed to produce the effect. The
study of land use efficiency aims for decision-making to optimize business operations and
improve the management of land units.

Despite qualitative methods and the cost–benefit analysis method, input–output
analysis using the Malmquist index and Bootstrap-DEA [27] is widely used to assess,
analyze, and model procedures related to land use. The efficiency is measured by examining
whether a maximum output could be achieved by a given mix of inputs (i.e., technical
efficiency). The input–output analysis also addresses the issue when it is impossible to
increase the output without increasing inputs (i.e., technological efficiency).

We selected a combination of Bootstrap-DEA, Bootstrap-Malmquist indices, and a
panel data model with Hausman test regression analysis to derive the scores of land use
efficiencies and a land productivity index, which was then further refined into a techno-
logical change index and technical efficiency change index. This was done to facilitate a
robust and comprehensive analysis of land use efficiency and its relationship with some
external explanatory variables, such as the level of economic development, government
spending, industrial upgrading, industrial reconstruction and urban population.

2.1. Data Envelopment Analysis

The data envelopment analysis (DEA) is a linear programming methodology that
measures the efficiency of multiple decision-making units (DMUs) when the production
process presents a structure of multiple inputs and outputs [31], which can deal with
multiple inputs and outputs simultaneously and does not require any prior information on
the theoretical framework of the production function [32]. In this study, the input-oriented
data envelope analysis (DEA) is used to measure the urban land use efficiency of each city
at a certain period since the control input is more feasible in this field. Suppose that each
city is a decision-making unit (DMU)—each DMUj(j = 1, 2, · · · , n), demands m inputs
xt

ij(i = 1, 2, · · · , m), to generate s outputs yt
rj(r = 1, 2, · · · , s) at t period. The piecewise

linear production technology can be defined as follows to determine the kth of DMU at the
time t: ⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

minhk = θ − ε

(
m
∑

i=1
s−i +

s
∑

r=1
s+r

)
s.t.

n
∑

j=1
λj xij − θxik + s−i = 0, i = 1, · · · , m

n
∑

j=1
yrjλj − s+r = yrk, r = 1, · · · , s

λj, s−i , s+r ≥ 0, j = 1, · · · , n, i = 1, · · · , m, r = 1, · · · , s

(1)
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where λj denotes the non-negative multiplicative vector of inputs and outputs;
t (t = 2006, . . . , 2015) denotes the year s−i ; and s+r denotes the slack variables of inputs and
outputs, respectively. Further, θ denotes the efficiency of DMU estimation, and ε denotes
non-Archimedes infinite small amount in the model, which is 10−4.

When θ = 1, the DMU is at a perfect and efficient position on the production possibility
curve. When θ < 1, the DMU is inefficient, and it is necessary to modify the input-output
structure.

2.2. Malmquist Indices

We applied the Malmquist productivity index to construct an urban land use efficiency
model for the application purposes to study the changes of urban land use efficiency over
time. The Malmquist productivity index, first pioneered by Caves et al. [33], relies on
distance functions. Färe et al. [34] further developed it by considering technical ineffi-
ciency in productivity measurement. The Malmquist index derived from DEA has been
widely employed to evaluate productivity growth assessment and its decomposition into
technological change and technical efficiency change [35] in many fields. Some examples
of the empirical studies were financing and banking [36], farming [37], IT systems [38],
environmental studies [39], and other areas. The method is relatively easy to compute
and does not require formational form assumptions and price information. One of the
pitfalls is that it can only serve binary comparisons since it does not verify the transitivity
property [40]. In recent years, its application for evaluating land use efficiency can be found
in literature [2,24–26,40]. In this paper, the input-oriented DEA-CCR (the CCR model is
based on the assumption that the constant return to scale exists at the efficient frontiers)
and Malmquist productivity indices are adopted for the sample of cities used here.

2.3. Malmquist Indices Model for the Efficiency of Land Use

Taking Shanxi Province as a decision-making system, each of the 11 prefectural-level
cities is a decision-making unit, represented by DMUj(j = 1, 2, · · · , 11). In each DMUj at
time t, there are m inputs xt

ij(i = 1, 2, · · · , m) and s outputs yt
rj(r = 1, 2, · · · , s). From t1 to

t2, the Malmquist indices formula in concerning the input-output is described as follows:
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(
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where in (2), Dt1
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indicates the Shepard distance function between the combination
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are defined in the same way under the constant scale of the decision-making unit DMUj;

and MI

(
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j , xt1

j , yt1
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)
measures changes in productivity for DMUj from t1 to t2 (t1 < t2).

According to Worthington [36], productivity improvement over time can be measured
by technical efficiency improvements (ΔE) or technological improvement (ΔT). Technical
efficiency is the ability to use a minimal amount of input to make a given output level,
whereas technological changes measure the ability to combine inputs and outputs optimally.
As a result, the performance of changes in productivity can be further broken down into
two parts—changes in efficiency (ΔE) and technological change (ΔT)—which can be
described in Formula (3):
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or
Changes in productivity

(
DMUj

)
= changes in technical e f f iciency (ΔE) ∗ technological change (ΔT) (4)

where in (3) and (4), ΔE denotes the extent of efficiency change to the frontier from t1
to t2, representing the change in technical efficiency. Further, ΔT denotes the extent of
technological change to the frontier from t1 to t2, reflecting the technological change. This
research method has been applied to many applications, including the assessment of the
productive performance of countries [41], financial institutions [42,43], manufacturing
industries [44], and the like.

2.4. Bootstrap-Malmquist Method for the Correction of Urban Land Use Efficiency

Both the traditional DEA and Malmquist models are based on the observed finite
samples. The estimated results are subject to sampling variation sensitivity [27,45]. With
this in mind, the Bootstrap method is an improved resampling technique; a replacement
sample data pool is created by stimulating the formation process of the original sample.
This is used for a serious repeatable preformation of statistic calculations, such as the
significance test, the original sample empirical distribution, and corrections to the original
means and deviation [46].

Based on the principle and method of the Bootstrap-Malmquist method proposed by
Simar and Wilson [47], the Bootstrap-Malmquist technique for measuring the efficiency of
land is established as follows:

(a) In the original data pool for DMUj, the Malmquist indices estimate

M̂j

(
xt2

j , yt2
j , xt1

j , yt1
j

)
, j = 1, 2, · · · , n;

(b) Based on Simar and Wilson [47], the proposed binary Kernel density and Reflection
method, the Bootstrap resampling technique is used to obtain a combination of input-
output replacement samples P∗ from the decision-making unit:

P∗ =
{

x∗t
j , y∗t

j

∣∣∣j = 1, 2, · · · , n; t = t1,t2

}
. (5)

(c) The multivariate linear programming model for solving the pseudo-sample dis-
tance function is shown in (6): [
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∑
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Based on resamples P∗, we must solve (6) deepening Shanxi Province’s transformation
reform, from distance function Dt1
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.

We must change the corresponding factors in (6) at the same period to reconstruct the
model and repeat these procedures to solve the equation. The remaining distance function
Bootstrap estimates are derived D̂∗t2
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(d) The Malmquist indices Bootstrap estimate M̂∗
j is calculated by applying Bootstrap

estimates.
(e) Repeating steps (b–d) B times (B = 2000) results in B times of estimate

{
M̂∗

jb

}B

b=1
.

According to research by [48], if 2000 sampling times of B are obtained, they should ensure
a guaranteed coverage of confidence intervals.
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A smooth distribution of Bootstrap-Malmquist indices was obtained by adopting
the above steps, which were used to replace the original data distribution. Therefore,

corrections for deviations to the original Malmquist index can be made using
{

M̂∗
jb

}B

b=1
to construct a confidence area at a 5 percent and 10 percent significant level, respectively,
followed by a further examination of productivity significance. With the same principles
applied, values for technical efficiency change and technological changes can be derived
using the same confidence intervals.

2.5. Selection of Variables and Indicators, and the Source of Data

In this paper, 11 prefecture-level cities in Shanxi Province were selected as units for
decision-making and analysis including Taiyuan, Datong, Yangquan, Changzhi, Jincheng,
Shuozhou, Jinzhong, Yuncheng, Zhangzhou, Linyi, and Luliang. From 2006 to 2015, the
year 2010 was chosen as the reference point, at which the State Government initiated the
comprehensive reform.

For the state-initiated economic reform policies with financial aids for the resource-
based cities, it set major tasks, such as the establishment of long-term incentive measures for
sustainable development; the cultivation of alternative industries; the need to solve social
problems with a focus on employment; the enhancement of environmental treatment, and
ecological system protection; and the reinforcement of the resources survey and mineral
rights management.

Therefore, the following input–output variables that measure urban land use efficiency
were selected in the model to assess the effectiveness of government reform initiatives,
concerning optimizing the ecosystem, industrial upgrading, and industrial restructuring.

Land, capital, and labor were nominated as input variables in non-agricultural indus-
tries that impact urban economic benefits and the change of ecologic environment. These
input variables can be quantified individually as areas of urban construction land, fixed-
capital stock of secondary and tertiary industries, and the number of people employed in
secondary and tertiary industries. The added value of secondary and tertiary industries,
and the green coverage rate of built-up areas, were chosen as output indicators, measuring
urban economic output and ecologic output. Table 1 depicts the details.

Table 1. Variables of land use efficiency model.

Variables Type Variables Measurement Expected Sign

Input Variables

Capital 2nd & tertiary industries fixed asset (10,000 yuan) Positive
Land Urban construction land area (square kilometer) Positive
Labor Number of employments on 2nd & tertiary industries Positive

Research expenses R&D research funds (10,000 yuan) Positive
Energy consumption Coal consumption (Ton/10,000 yuan) Negative

Output Variables
Economic output Value-added of 2nd and tertiary industry (10,000 yuan) Positive

Quality of
Environment

Green area coverage rate (%) Positive
Days completed for Green area coverage (%) Positive

The urban construction land area and the green area coverage rate of the built-up
areas were sourced from the China Urban Construction Statistical Yearbooks from 2007
to 2016. Others were sourced from the Shanxi Statistical Yearbooks from 2007 to 2016,
covering fixed assets investment, employed persons, and added value. All relate to the
secondary and tertiary industries, with an additional fixed-asset investment price index
and price reduction index. Supplementary data in case of incomplete data were sourced
from local city yearbooks or statistical bulletins.
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Data Processing

The fixed capital stock of the secondary and tertiary industries is estimated by the
perpetual inventory method. The calculation formula is

kj
t = kj

t−1 × (1 − δ) + I j
t /pt (7)

where kj
t, kj

t−1 are the fixed capital stocks of j city at the years t and t − 1, respectively. δ is
the depreciation rate concerning the recommended value calculated by Zhang et al., [49],
which is set at 9.6%. I j

t is the investment value of fixed assets of the secondary and tertiary
industries for each individual city at the time of t year (price at the year of t). pt is a
calculated fixed-asset investment price index with a baseline starting from 2005. The
determination of the baseline concerning the fixed-capital stock in 2005 can be referred to
as the inter-provincial fixed-capital stock calculated by Zhang et al. [49]. This derives the
total fixed-capital stock of the whole society in Shanxi Province in 2000 (the current year’s
price level). Furthermore, the total social fixed-assets investment in 2001–2005 was used to
apply the perpetual inventory method. The total fixed capital stock of the whole society in
Shanxi Province in 2005 (remaining the constant price level of 2000) was calculated and
subsequently restored to the year 2005 price level. Based on this, the weighing of the added
value of the second and tertiary industries in Shanxi Province in 2005 was multiplied by
the fixed-capital stock of the whole society, resulting in the derivation of the fixed-capital
stock of the secondary and tertiary industries in Shanxi Province. Further derivation of
each chosen city’s added value of the secondary and tertiary industries is then calculated
by its weighting in the province. Similar weighting principles can be repeated to derive the
fixed capital stock in the secondary and tertiary industries in the base period for each city.
The secondary and tertiary industries’ value added was reduced to the constant price level
of 2005 using the price reduction index.

3. Empirical Results and Discussions

The percentage increase of input variables, such as the area of urban construction
land, fixed-capital stock for the secondary and tertiary industries, and the number of
people employed in the secondary and tertiary industries, are given in Figure 1. The
percentage increase of output variables, such as the value added by the secondary and
tertiary industries and the percentage of green coverage of the built-up areas, are shown in
Figure 2.

Figure 1. The percentage increase of input variables (i.e., urban construction area, the fixed capital stock of secondary and
tertiary industry, and the number of people employed in the secondary and tertiary industries from 2006 to 2015).
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Figure 2. The percentage increase of output variables, such as the value added by the secondary and tertiary industries and
green coverage of built-up areas, between 2006 and 2015.

It is clear that there is a 300–800% increase in investments into the fixed-capital stock
for the secondary and tertiary industries among the cities. The area for urban construction
increased from 20% to 100% in 2015 from 2006. Meanwhile, the number of people employed
by the secondary and tertiary industries show variations among cities, with 500,000 more
people employed in 2015 above the 1.4 million in 2006 for Taiyuan. Figure 2 shows a clear
increase from 50 to 200% for value added, with a reduction of 7%, and various increases of
up to 180% for the green coverage of built-up areas.

3.1. Differences in Scores of Land Use Efficiency between Cities

Based on the DEA-CCR and Bootstrap-Malmquist models, MATLAB’s DEA analysis
tool was used to calculate the Bootstrap-DEA scores of urban land use efficiency, the values
of Malmquist indices, the value of Bootstrap-Malmquist indices, the decomposed values of
Bootstrap technical efficiency change, and the technological change. The Bootstrap-DEA
results appeal different ranges from 0.688 to 0.868, as shown in Table 2, by studying the
urban land use efficiency of 11 cities in Shanxi Province between 2006 and 2015. The higher
the score, the higher the economic outputs and more green area coverage, thus increased
land use efficiency.

Table 2. The scores of land use efficiencies (Bootstrap-DEA) for 11 prefecture-level cities in Shanxi Province 2006–2015.

City 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Mean S.D.

Taiyuan 0.847 0.803 0.824 0.714 0.798 0.813 0.816 0.892 0.952 0.914 0.837 0.068
Datong 0.865 0.782 0.795 0.607 0.609 0.592 0.564 0.610 0.672 0.789 0.688 0.108
Yangquan 0.764 0.643 0.855 0.823 0.866 0.897 0.870 0.880 0.899 0.918 0.841 0.082
Changzhi 0.905 0.847 0.906 0.769 0.815 0.888 0.829 0.855 0.867 0.865 0.855 0.043
Jincheng 0.947 0.760 0.804 0.669 0.756 0.771 0.777 0.819 0.836 0.901 0.804 0.079
Shuozhou 0.922 0.881 0.907 0.841 0.837 0.829 0.834 0.854 0.875 0.905 0.869 0.034
Jinzhong 0.879 0.741 0.742 0.618 0.673 0.657 0.643 0.679 0.707 0.763 0.710 0.076
Yuncheng 0.957 0.828 0.766 0.638 0.553 0.579 0.553 0.623 0.739 0.835 0.707 0.139
Xinzhou 0.887 0.892 0.928 0.712 0.597 0.579 0.541 0.653 0.646 0.802 0.724 0.143
Linfen 0.938 0.884 0.910 0.767 0.727 0.751 0.727 0.738 0.769 0.844 0.805 0.081
Luliang 0.934 0.880 0.897 0.835 0.831 0.835 0.828 0.860 0.868 0.916 0.868 0.038

Further studies were conducted to evaluate the impact of comprehensive reform on
the changes in urban land use efficiency for the chosen 11 cities (refer to Table 3). The
estimated results indicate that the estimations of most cities are statistically significant as
presented for the significance level at 10% or 5%.

The comprehensive reform was introduced in 2005. Therefore, comparisons of the
calculated average scores of land use efficiencies for each of these cities were made between
the two periods (i.e., before [2006–2010] and after [2011–2015]). The widened range of the
average scores of land use efficiencies among the cities for the two periods is revealed in
Figure 3. Four cities (Taiyuan, Yangquan, Changzhi, and Jincheng) have improved their
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land productivities during 2011–2015. Other cities have reduced their average scores of
land use efficiencies after the comprehensive reform.

Table 3. The year-on-year land productivity change index for prefectural level cities in Shanxi Province 2006–2015
(Malmquist).

City 2006/2007 2007/2008 2008/2009 2009/2010 2000/2011 2011/2012 2012/2013 2013/2014 2014/2015

Taiyuan 1.028 ** 0.949 ** 0.919 ** 0.983 ** 0.978 ** 0.932 ** 0.853 0.894 0.927 **
Datong 0.962 0.945 ** 0.816 0.900 ** 0.951 ** 0.894 ** 0.838 0.877 0.951

Yangquan 0.916 1.006 0.860 ** 0.845 ** 0.868 ** 0.867 ** 0.879 * 0.868 ** 0.885 **
Changzhi 0.998 ** 1.035 ** 0.939 0.981 ** 1.042 ** 0.875 ** 0.807 * 0.828 ** 0.783 **
Jincheng 0.894 1.003 ** 0.890 0.939 ** 0.984 ** 0.922 ** 0.822 0.824 ** 0.841

Shuozhou 1.146 ** 0.837 ** 1.054 ** 0.947 ** 0.994 ** 0.931 ** 0.914 ** 0.895 ** 0.819 **
Jinzhong 0.897 0.968 ** 0.933 1.011 ** 0.986 ** 0.810 ** 0.829 ** 0.839 ** 0.834
Yuncheng 0.918 0.920 ** 0.891 0.885 1.184 0.892 ** 0.880 * 0.927 * 0.875
Xinzhou 1.057 ** 1.017 ** 0.796 0.849 0.966 ** 0.873 ** 1.069 * 0.922 ** 1.003
Linfen 1.008 1.044 ** 0.867 1.022 ** 1.069 ** 0.877 ** 0.845 ** 0.849 ** 0.872 *

Luliang 1.083 * 0.993 ** 1.009 * 1.103 ** 1.086 ** 0.941 ** 0.853 ** 0.847 ** 0.839

Note: * Significance level at 10%; ** Significance level at 5%.

Figure 3. Comparisons between the average scores of land use efficiencies before and after the comprehensive economic
transformation.

Note that cities with higher improved average scores of land use efficiencies, such as
Taiyuan and Yangquan, generally have a larger increase of value added in the meantime,
with a relatively smaller increase of investment in the fixed stock. This effect is vice versa
for cities such as Xinzhou, Linfen, and Yunchong, where a drop in land use efficiency is
presented.

Figure 4 shows the trend of overall (average) score of land use efficiencies for the total
of studied cities in Shanxi Province during 2006–2015. The overall land efficiency scores are
marked with a declining trend from 2005 to 2010, then an uptrend after 2010. This finding
coincides with Pu et al. [50] who studied industrial land use efficiency in Hunan province.
Over the studied period, economic events occurred, such as fluctuations in coal prices, coal
demands, and the introduction of economic reform. Nevertheless, the combined factors
have inevitably impacted the level of land use efficiency in the area. Further regression
analysis on what factors have had a significant impact on the score of land use efficiency is
to be demonstrated later in the paper.

40



Land 2021, 10, 850

Figure 4. The overall (average) land use efficiency score trend for the total of studied cities in Shanxi Province from
2006–2015.

3.2. Identifying Trend Changes in Land Use Efficiency

The results demonstrated in Section 3.1 show that the estimated value of urban land
productivity in the chosen cities during the observation period is significant in most cases.
However, the number of cities and years in which the Malmquist index value is greater
than 1 is relatively few, indicating the scarcity of cities and years in which the urban land
productivity has increased from the previous year. In fact, the overall level of urban land
productivity has declined, especially after the comprehensive reform.

Further decomposed values of Bootstrap technical efficiency change and the techno-
logical change derived from the urban land productivity are shown in Tables 4 and 5 to
identify the reasons for the declined urban land productivity.

Table 4. The year-on-year technical efficiency change index for prefectural cities in Shanxi Province 2006–2015 (Bootstrap-
Malmquist).

City 2006/2007 2007/2008 2008/2009 2009/2010 2000/2011 2011/2012 2012/2013 2013/2014 2014/2015

Taiyuan 0.911 1.026 0.821 1.112 1.051 0.989 1.105 1.096 0.998
Datong 0.870 1.022 0.729 1.012 1.002 0.951 1.091 1.094 1.202

Yangquan 0.817 1.340 0.939 1.090 1.054 0.957 1.028 1.004 1.021
Changzhi 0.888 1.082 0.822 1.062 1.108 0.925 1.034 1.012 1.020
Jincheng 0.755 1.069 0.824 1.089 1.043 0.985 1.063 1.013 1.108

Shuozhou 0.953 1.016 0.928 0.997 1.006 0.988 1.025 1.014 1.039
Jinzhong 0.798 1.014 0.815 1.088 1.025 0.929 1.067 1.029 1.104
Yuncheng 0.822 0.932 0.816 0.858 1.075 0.951 1.117 1.171 1.157
Xinzhou 0.958 1.058 0.740 0.829 0.988 0.943 1.230 0.986 1.257
Linfen 0.912 1.022 0.808 0.971 1.028 0.948 1.033 1.029 1.117

Luliang 0.951 1.018 0.929 0.990 1.006 0.989 1.020 1.017 1.045

Table 5. The year-on-year technological change index for prefectural level cities in Shanxi Province 2006–2015 (Bootstrap-
Malmquist).

City 2006/2007 2007/2008 2008/2009 2009/2010 2000/2011 2011/2012 2012/2013 2013/2014 2014/2015

Taiyuan 1.063 0.942 1.033 0.895 0.969 0.917 0.787 0.830 0.927
Datong 1.042 0.942 1.033 0.895 0.969 0.917 0.788 0.815 0.814

Yangquan 1.055 0.762 0.853 0.795 0.846 0.867 0.879 0.868 0.885
Changzhi 1.055 0.974 1.054 0.930 0.979 0.916 0.798 0.818 0.794
Jincheng 1.100 0.953 1.005 0.868 0.969 0.918 0.792 0.816 0.784

Shuozhou 1.146 0.837 1.054 0.947 0.993 0.930 0.914 0.895 0.819
Jinzhong 1.046 0.973 1.057 0.935 0.966 0.869 0.798 0.817 0.782
Yuncheng 1.036 1.005 1.009 1.037 1.101 0.928 0.809 0.800 0.786
Xinzhou 1.031 0.981 0.983 1.034 1.000 0.901 0.886 0.946 0.836
Linfen 1.056 1.039 0.993 1.050 1.062 0.912 0.832 0.833 0.810

Luliang 1.083 0.993 1.009 1.103 1.086 0.941 0.853 0.847 0.839
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The results of Table 4 indicate there is no clear pattern before 2011 concerning the
values of technical efficiency change of urban land use in Shanxi Province as the pattern
fluctuates with alternative upward and downward trends. However, the pattern becomes
clear after 2012, with an overall rising trend. Therefore, based on the characteristics of
industrial structure dominated by coal production in Shanxi Province, comparison studies
were carried out between the technical efficiency changes of urban land use with the coal
price factor in the same period. It is found that before 2011, the fluctuation of the technical
efficiency change of urban construction land highly coincided with the fluctuated trend
of coal prices. This finding suggests that the heavy-weighted coal-based industrial struc-
ture during this period could be the significant factor determining the technical efficiency
of urban land use. However, in 2011, comprehensive reform on the transformation of
the resource-based economy was initiated in Shanxi Province, adversely impacting the
coal price. The average price of standard coal dropped from 1260 Yuan/1000 kg at the
end of 2011 to 780 Yuan/1000 kg in 2015 [51]. Another important comprehensive reform
commenced from 2013–2015, focusing on prompting the transformation of the coal-based
economy to an energy-efficient economy. Notably, since 2011, urban land technical effi-
ciency changes in various cities show an overall upward trend; this is especially true from
2013–2015, in which the energy-efficient economy reform was promoted. This finding
suggests that the reform from a coal-based economy to an energy-efficient economy has
enhanced the improvements of technical efficiency in land use.

The results in Table 5 illustrate that the technological changes in urban land use in
Shanxi Province fluctuate with ascending and descending trends before 2011. However,
thereafter, a clear declining trend emerges as the values of technological changes drop year
by year for all the studied 11 prefectural-level cities, without exceptions. In the meantime,
background studies were conducted to analyze the economic status of ShangXi Province.
From 2006 to 2011, major programs focusing on the restructuring and integration of the coal
industry were in operation [52]. However, there was no material change concerning the
predominantly coal-based industrial structure. The fact that change of ownership due to
restructuring and integration could harm the industry’s stability, with likely consequences
of deterring investors from investing in the industry was apparent. Despite the favorable
market condition of coal price, it was evident that preference in the industry was to expand
production capacity over technology advancement. Hence, technological improvement
was not significant.

From 2012 to 2015, market conditions for coal prices became unfavorable. A series
of reforms took place in Shanxi Province, including industrial restructuring, a reduction
in raw coal production capacity, extensions to the coal industry chain via focusing on the
deep processing of coal, coal–electricity integration, and the development of coal gas [53].
The reform aimed to enhance the improvement of production technology and industrial
upgrading. The initial results were positive. However, a minimal impact was expected due
to the replacement industries (e.g., tourism and modern logistics) still being in their infancy.
At the same time, new strategically important industries, such as modern manufacturing
coupled with information technology and industrialization, were still in the planned initial
construction stage, with no production ability. Further, the frontiers of the input-output
portfolio did not move forward over this time.

In summation, under the background of comprehensive reform, as mentioned above,
there are signs of relatively improved technical efficiency of urban land throughout the
observation. However, it is still at the early stages of the learning curve, and it is expected
that a longer period will be required for the potential impact to occur for the technological
progress. This is in agreement with conclusions made by previous relevant research [10]
that the economic reforms are not costless. This is especially true when it bears considerable
costs at its initial stage [54]. Therefore, further studies are needed to appropriately appraise
the extent of the impact that will improve land use efficiency by industrial upgrading and
industrial restructuring reform. The sample size employed 11 cities in Shanxi as a case
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study, which could be a limitation. Further research should collect more data to verify the
results of this research.

Figure 5 presents the trends of an overall (average) year-on-year change of the
Malmquist productivity index (MPI), the technological change index and the technical
efficiency change index for the total studied cities during 2006–2015. It shows a negative
correlation between the score of land use efficiency (Figure 4) and technological change
(Figure 5) after 2011. However, it displays a positive correlation between the score of land
use efficiency and technical efficiency change between 2005 and 2015. The fact that the
fluctuation of total land productivity coincides positively with the pattern of technological
change suggests the importance of technological advancement, although the area will
benefit from assistance provided by government funds and transfers of payment [10]. Still,
there is a need to examine the efficiency and effectiveness of funds utilization closely. In
particular, it is recommended that future focus should be directed towards improving
technologies.

Figure 5. The trends of overall (average) year-on-year change of the Malmquist productivity index, technological change
index, and technical efficiency change index for the total studied cities in Shanxi Province from 2006 to 2015.

4. Analysis of Factors Affecting Land Use Efficiency Change

Relevant research shows that urban land use efficiency is influenced by many factors,
such as the level of urban economic development status, industrial structure, level of
urbanization, and government management [24]. The econometric regression analysis
method was used to identify the main factors affecting the change of urban land use
efficiency in Shanxi Province.

4.1. The Explanatory Variables, Source of Data, and Construction of Panel Data Model

The Bootstrap scores of the land use efficiency in each city were treated as explanatory
variables, which LE represent. Considering the transitional characteristics of the resource-
based economic transformation in Shanxi Province, there were five major aspects selected
for close examination: the level of economic development, industrial upgrading, industrial
restructuring, the level of urbanization, and potential government influence on economic
transformation. The explanatory variables were quantified, including the level of eco-
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nomic development (GDPP), represented by average GDP per head of the prefectural city
(10,000 Yuan/person); level of industrial upgrading (CP), represented by coal consumption
per unit of GDP (1000 kg of standard coal/10,000 Yuan in GDP), a reverse index to be
modified into a positive indicator by using the reciprocal method; industrial restructuring
(IS), represented by the weighing of the added value generated by the tertiary industry to
the regional GDP; the urbanization level (UPL), represented by the proportion of the urban
population to the number of residents living in the prefectural-level city; and government
influence (GOV), represented by the ratio of budgeted government expenditure to GDP for
the fiscal year. The raw data of the above variables were sourced from the Shanxi Statistical
Yearbook (2006–2016).

A regression analysis model was constructed using panel data from 2006 to 2015. First,
the Hausman test was conducted to test the hypothesis of the random effect model, with
test results rejecting the random-effects model. Further efforts were made by establishing
the fixed effect model, subsequently followed by performing the redundant fixed effect test.
It was found that these test results accept the individual fixed-effects model. The model
was constructed as follows:

LEit = Ci + C + β1GDPPit + β2CPit + β3 ISit + β4UPLit + β5GOVit + εit (8)

where LEit indicates the economic efficiency of the construction land for the city i in the
year t. Further, the main explanatory variables GDPPit, CPit, ISit, GOVit, UPLit, and GOVit
indicate the level of economic development, industrial upgrading, industrial restructuring,
urbanization, and potential government influence, respectively, for the city i in the year t.
C is the common intercept term and Ci is the individual difference; in the model, the
intercepted item C + Ci for each city shows its irrelevance to the change of time. It is
challenging to observe and reach a conclusion on how and to what extent the selected
variants can impact land use efficiency due to the complexity and individuality of each city.
εit is a random error term.

4.2. Results and Analysis

Figure 6 shows the percentage increase of explanatory variables, such as GDPP, coal
consumption CP, IS, GOV, and UPL, from 2006 to 2015.

Figure 6. The percentage increase of explanatory variables such as GDPP, coal consumption CP, IS, GOV, and UPL, from
2006 to 2015.
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As for GDPP, it had an increase of 50–150% for all cities, with Taiyuan achieving the
highest GDPP of 48,000 Yuan per capital and Xinzhou have the lowest of 16,000 Yuan
per capital in 2015. On the other hand, a reduction of coal consumption of between
7% and 65% for all cities was observed. Linfen had the highest consumption of coal at
4200 kg per 10,000 Yuan GDP generated in 2006, with 2600 kg for Taiyuan being the lowest.
Both cities improved by 2015, with 2200 kg for Linfen and just 1000 kg for Taiyuan. In
regard to the change of value added by the tertiary industry, there was an increase of 20%
(Taiyuan) to 60% (Shuozhou). The percentage of value added by the tertiary industry to
GDP varied among those studied cities, with the highest being 61% for Taiyuan in 2015,
which increased from 50% in 2006. In contrast, Luliang had the lowest percentage of
26% and 37% in 2006 and 2015, respectively. As for the government influence factor, the
percentage of government spending to GDP had increased up to 130% for Xinzhou and
50% for Taiyuan, with little variation for Jincheng and Shuozhou. The percentage increase
of the urbanization level varied between 9% (Taiyuan) and 43% (Yuencheng) among the
11 cities, with Taiyuan at 81% and 84% for 2006 and 2015, respectively—the highest level
for an urbanized city. Luliang was among the lowest urbanized cities, with 33% and 46%
for 2006 and 2015, respectively.

The estimates using EVIEWS9.0 software for the random-effects model (model I) and
the individual fixed-effects model (model II) are shown in Table 6. The Hausman test results
reject the random effect model, indicating the existence of an individual or time difference.
Further tests followed on the constructed individual fixed-effects model (model II). The
redundant fixed-effects test showed the following: statistic value for F at 6.75, which is
significant at the 1% significance level. Therefore, test results from the individual fixed-
effects model (model II) suggest a reasonable fit with the regression analysis that the F
statistics are significant, and the hypothesis is found to be true.

Table 6. Panel data model on regression analysis of explanatory variables with land efficiency score.

Explanatory Variables Model I Model II

C 0.704 ***
(8.189)

0.616 ***
(3.129)

GDPP 0.055 **
(2.575)

0.056 **
(2.111)

CP 0.168 ***
(2.726)

0.301 ***
(3.353)

IS −0.001
(−0.568)

0.0046 *
(1.9117)

UPL −0.002
(−0.991)

−0.007
(−1.599)

GOV 0.0017
(1.032)

0.0047 **
(2.553)

R2 0.09 0.534

F value Not Significant 7.2 ***

HausmanTest Random Effect Declined –
Note: ***, **, * Indicates significance level of 1%, 5%, and 10%, respectively. The t value is shown in brackets.

According to the regression results of model II using the Hausman estimator, the
determinants for the changes in urban land use efficiency in Shanxi Province are analyzed
as follows.

First, the economic development level coefficient expressed as GDPP at 0.056 was
positive and significant (at 5%), indicating that the level of economic development improves
urban land use efficiency. It is suggested by Chen et al. [11], Sun et al. [12], and Yang
et al. [13] that the urban economic agglomeration effect and the scale of urban economy
effect could have played an important role in improving land use efficiency. Their studies
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found that Western cities tend to have relatively low land use efficiency and discovered
higher land use efficiency for eastern areas, aligning with the distribution of economic
development in China.

Second, the output per unit energy consumption coefficient expressed as CP at 0.301
was positive and significant (at the 1% level). The upper grading of basic industrial structure
in Shanxi Province, especially with the predominance of coal and heavy industry structure
and the comprehensive reform focusing on introducing energy-efficient technology and
general improvement of industrial technology, has inevitably contributed to the increase in
land use efficiency.

Third, the industrial restructuring (IS) coefficient was derived with a positive value
of 0.0046 at the significant level of 10%; nevertheless, the low coefficient value indicates
that the impact from the service industry was minimal for land use efficiency. Research
results on the formulation of the third industry within the province suggest that traditional
services—such as wholesale and retail, transportation and warehousing, real estate, and the
like—are still the major players, although the weighting of the financial industry is rising
year by year. Nevertheless, the weighting added by recent technological development in
the service industry, such as information transmission, software, and IT services, is still
comparatively low, with its highest contribution towards the tertiary industry achieved
at 6.8% in 2015. Therefore, for contribution improvement by the third industry, the focus
should be directed towards increasing the weighting of the latest technology developments
in the tertiary industry. This holds the key to enhanced land use efficiency [11,13].

Fourth, the urban population level (UPL) coefficient was found to be negative at a
non-significant value of 0.007, indicating that the level of population urbanization in the
province has yet to form a population agglomeration effect. Additionally, its impact at its
current stage is negligible on urban land use efficiency. Further investigation of the urban
population density in Shanxi Province demonstrates the existence of differentiation in the
population density change. The cities with a decreasing urban population density during
the observation period are Datong, Yangquan, Yuncheng, and Linyi. This is especially true
for the case of Datong; its urban population density as the number of people per km2 was
reduced to 9492 in 2015 from 13,134 in 2006. The contributing reason could be a rapid
expansion of land urbanization by enlarged urban areas in some cities, which lag behind in
population urbanization. This could lead to a decline in urban land use efficiency.

Last, the government influence (GOV) coefficient was positive at 0.0047 with a signifi-
cance level of 5%. The Provincial Government has adopted financial interventions to accom-
modate industrial agglomeration, such as capital investment in improving urban infrastruc-
ture construction, financial subsidy policies to support industrial development, industrial
upgrades and technological transformation, and establishing a specially-designated park
construction zone. This proves to have positively impacted land use efficiency.

5. Conclusions

This study has provided a checkpoint for the policy assessment and guidance for
government policy-makers to further enhance the competitiveness and sustainability of the
province. The province should make continuous improvements to energy-efficient technol-
ogy, with further scope for the improvement of industrial structure, such as introducing
policies to encourage the establishment of industries with high added value (e.g., high
technology industry and financial services). In addition, the province should be prudent
in managing the process of population urbanization and industry urbanization. Further-
more, the functional attributes of land use should be assessed by the urban planners for
creating reasonable, harmony, and sustainable city that integrates residential, commercial,
institutional, and industrial functions.

This paper studied the 11 prefectural cities in Shanxi Province and established an
index system to evaluate land use efficiency from an input–output perspective. Based on
the statistical data from 2006 to 2015, the changes in urban land use efficiency and total
factor productivity in Shanxi Province were measured before and after the comprehensive
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reform on the transformation of the resource-based economy by applying the Bootstrap-
DEA and Bootstrap-Malmquist index method. The panel-data analysis model was also
constructed for exploring mechanisms and the dominant factors affecting the change of
land use efficiency. The key conclusions are summarized below.

First, during the examining period, the urban land use efficiency of Shanxi Province,
on the whole, formed a U-shaped change trend, with the bottom line observed in 2009–2011
and an upward trend after 2012. However, the changes in land use efficiency among cities
are quite different. After the comprehensive reform, a significant increase in urban land use
efficiency has been observed for Taiyuan and Yangquan, whereas the decline in Zhangzhou,
Datong, Linfen, and Yuncheng has been significant.

Second, the dynamic changing process of total factor productivity of urban land does
not appear promising. Before the comprehensive reform, productivity improvement had
only been noticed for a few cities in a particular year. In particular, a descending trend was
prominent for the overall level of total factor productivity after the comprehensive reform,
which can mainly be attributed to the lack of technological advancements.

Third, from the perspective of the attributing factors, economic development and
industrial upgrading significantly positively impacted urban land use efficiency. Indus-
trial structure and government influence on economic transformation have an enabling
influence, while the level of the urban population had a negative and less notable effect.
This explains why Taiyuan has the highest score of land use efficiency as a result of being
the capital city of the province, with the highest GDPP and value added by the tertiary
industry, and the least by coal consumption.

This research is useful for understanding, learning, and evaluating the utilization
efficiency of allocated resources. Moreover, it holds potential significance for the State to
establish and adjust supporting policies in the future for resources-based cities, especially
when the State has further planned to deepen the province’s economic transformation.

With the challenges of the scarcity of resources, climate change, and an increasing
population, the improvement of technical efficiency driven by the reform and upgrading
of traditionally resource-based industries is insufficient to help improve of the total factor
productivity of urban land. In fact, the fundamentals for the improvement of land use
efficiency and total factor productivity are to foster and develop the modern tertiary
industry and strategically emerging alternative industries and improve the quality of the
tertiary industry. However, in the resource-based cities, with limited capital resources,
combined with other factors, such as the lack of essential technological innovation, it is even
more important to introduce governmental policies to support implementing alternative
strategic industries. From the perspective of land use, the blind expansion of the urban land
use scales not in synchronization with industry transformation will only lead to inefficient
land use. It is necessary to synchronize with transformation projects, develop land stock,
integrate existing industrial park zones, and improve the level of urban land saving and
intensive use to develop a future sustainable built environment.
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Abstract: In the era of public participation in government, public emotions and expectations are
important considerations influencing urban construction, planning, and management. A desirable
urban environment can make people feel at ease and comfortable and contribute to promoting
positive public emotions. However, in the process of rapid urban development, the high-density
and overloaded urban built environment has triggered people’s mental tension and anxiety and has
contributed to negative emotions. Thus, this study aimed to explore the spatial distribution of public
emotions and urban built environments in cities and to thoroughly investigate the correlation between
urban built environments and public emotions. Considering the lack of dynamic elements analysis
and emotions spatial analysis in previous studies, this study takes Wuhan City as an example, uses
social media big data as the basis for text emotion analysis, introduces dynamic traffic elements, and
establishes a multidimensional urban built environment measurement index system from five aspects:
land use, spatial form, road and traffic, green space and open space, and daily life service facilities.
Subsequently, the spatial distribution characteristics of public sentiment and urban built environment
elements in Wuhan were analyzed. Finally, a geographically weighted regression method was
used to analyze the degree of influence of different urban built environment elements on public
emotions. The results showed that public emotions in Wuhan are not homogeneously distributed
in terms of score and space and that there are significant differences. The urban built environment
has a significant influence on public emotions. Higher land use mix, higher road network density,
higher number of public transportation facilities, higher number of public open spaces, lower traffic
congestion, and impact of freight transportation play important roles in promoting positive emotions.
Therefore, in the process of urban construction, planners and decision makers should purposefully
improve the quality of the built environment. Measures can include improving the mix of land
functions, alleviating traffic congestion, avoiding the negative effects of freight traffic, rationally
constructing green and open spaces, and improving various living facilities. This can help contribute
toward improving urban functions and urban environments, and promote the construction of a
people-oriented healthy city.

Keywords: public emotions; urban built environment; social media data; dynamic traffic influencing
factors; geographically weighted regression

1. Introduction

A city is the result of a complex combination of various characteristics and is a space
where people live their daily lives [1,2]. As a spatial carrier of material exchange, a city
is where production, consumption, sharing, and experience are combined [3]. Studies
have shown that the urban built environment influences people’s perception of a city
and evokes different feelings and emotions [4]. Moreover, the renewal and planning of
a built environment has a long-term impact on the future development of cities [5,6].
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Nowadays, people-oriented urban construction has become a global trend, and assessing
a built environment from the public’s perspective has become an important element of
urban renewal and urban planning [5,7–9]. Emotion is a complex multidimensional trait
that reflects human personality and behavioral characteristics [10–12]. Emotional stress is
influenced by the degree of habitability. A prolonged exposure to urban environments with
poor habitability contributes to excessive emotional stress, generates negative emotions,
and triggers mental illness [13–15]. It was suggested that space has the power to elicit
emotions as early as the 1950s [16]. A comprehensive investigation of the relationship
between urban built environments and people’s emotions is important for scientific urban
renewal and urban planning and the construction of people-centered urban spaces.

However, the reality is that the lack of useful information about the relationship be-
tween multidimensional urban built environments and emotions has hindered the progress
toward understanding which elements in cities influence public emotions and how to
improve the urban built environment to build humane urban spaces. Taking Wuhan City
as an example, this paper proposes a multidimensional urban built environment mea-
surement index method incorporating dynamic traffic elements, combined with textual
emotion analysis based on social media big data, and introduces a geographically weighted
regression (GWR) analysis for a multifaceted interdisciplinary investigation. We pay atten-
tion to the relationship between urban built environments and public emotions, explored
from a macroperspective to provide suggestions for urban planning and development. The
methodology used in this study includes four steps: (1) emotion analysis of social media
data texts in the study area; (2) exploration of the spatial distribution characteristics of
emotions in the study area; (3) establishment of an index system to explore the spatial
structure and characteristics of the urban built environment in the study area; (4) explo-
ration of the correlation between elements of the urban built environment and emotions
based on GWR. Here, this study changes the previous research approach of exploring
the relationship between urban built environments and emotions from a single aspect. A
multidimensional measure of the impact of urban built environments on people’s emotions
and a more comprehensive analysis of the relationship between cognition and emotions
can provide a new perspective for studying urban public emotions, thus bridging the gap
in existing literature.

The rest of this paper is organized as follows. After a brief literature review in Section 2,
we describe the natural and social backgrounds of the study area, data sources, and pre-
processing in Section 3. Section 4 presents the methodotlogy of the study. The results are
reported in Section 5. Section 6 presents the discussion and conclusions of the study.

2. Literature Review

In this section, we briefly review some relevant research about understanding the
interrelationship between urban built environments and emotions using emerging big data
and natural language processing techniques.

Cities are the main sites where people conduct their activities, and the behavior of
people in cities is closely related to their emotions [17]. The interrelationship between
human cognition and emotion has become an important research topic in biology and
medicine, including the regulation of negative emotions by cognition [18,19] and emotion
recognition and emotion expression in sick adolescents [20]. Since the 21st century, urban-
ization has brought about many urban problems, such as traffic congestion, environmental
pollution, and lack of supporting facilities [21–23]. The high-intensity, overloaded urban
built environment has triggered physiological and psychological problems and negatively
affected public emotions [24]. The impact of urban built environments on human emotions
has become a hot topic in urban planning research. Relevant studies have shown that built
environments include both static and dynamic elements of space [25,26]. Several scholars
have studied the impact of static elements in the built environment on people’s emotional
health, including architectural forms, public facility support, parks and green spaces, and
land use [27–29]. In recent years, studies have found that dynamic elements in cities
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also have important effects on public emotion, including the interrelationship between
emotion traffic, and the effect of congestion on emotion [30,31]. However, these studies
tend to focus only on the effects of single-level elements in the urban built environment on
emotion, rather than integrating static elements with dynamic ones. Therefore, this study
combines dynamic and static elements to evaluate urban built environments and more
comprehensively explore the impact of such environments on people’s emotions.

Most of the early studies collected people’s behaviors, opinions, and emotions through
traditional social questionnaires, which had the disadvantages of having a small sample
size and a long acquisition time [32,33]. In recent years, some scholars have used wearable
physiological sensors to investigate the relationship between cognition and emotion, and
this method can more accurately perceive emotional changes [34]. However, similar to
conventional methods, physiological sensors have drawbacks such as small sample size
and difficulty in obtaining data, which are unsuitable for large scale studies. With the
development of Internet technology, various types of big data have been widely used in
academic research. These big data have the advantages of having large sample sizes and
easier access [35]. Among them, social media data is one of the most common big data.
People use various social media platforms to share their activities, opinions, and emotions
to further showcase the urban environment and reveal the hidden characteristics of urban
spaces [36,37], as well as providing information on movements [38,39]. The development of
social media data provides a new opportunity to systematically study the interrelationship
between urban built environment and emotions, bridging the information gap of traditional
surveys. In recent studies, some scholars have attempted to use social media data for urban
and mental health-related studies, further revealing the research potential of social media
data in the field of human behavior and urban spatial perception [14,40,41]. With the
advancement of technology and social platforms, social media provides more diverse data
(e.g., text, audio, and images), and scholars have explored multiple aspects in information
extraction based on text and image data in social networks [42–44]. The application
of new computer technologies such as deep learning and natural language processing
provides a good basis for further mining the emotional and perceptual information in
social media data [45,46]. Therefore, this study uses natural language processing methods
to retrieve public emotion from social media data, combines static and dynamic elements
to comprehensively evaluate the urban built environment, and thoroughly explores the
interrelationship between urban built environments and public emotions.

3. Materials

3.1. Study Area

The study area is concentrated in Wuhan (113◦41′–115◦05′ E, 29◦58′–22◦31′ N). Wuhan
is the capital city of Hubei Province and the central city of central China, located in the
eastern part of the Jianghan Plain and the middle reaches of the Yangtze River, where the
Yangtze River, the third largest river in the world, and its largest tributary, the Han River,
meet in the city, forming the towns of Wuchang, Hankou, and Hanyang (Figure 1). Wuhan
is an advanced metropolis with a long history, developed transportation, and a large
population. It has a complex and diverse urban spatial environment that is representative
of the rapidly developing cities of central China.

The Wuhan Urban Development Zone is the main gathering area of urban functions
and the key expansion area of urban space in Wuhan, with a resident population of
8,474,600, accounting for 84.5% of the city’s resident population, and a total area of 3261 km2.
In the Wuhan Urban Master Plan (2010–2020), the Wuhan Urban Development Area is
divided into one main urban area and six new city clusters with a spatial structure of
“1 + 6”. Given that the urban development within the Wuhan Urban Development Zone is
mature, the urban built-up area and urban population are mainly distributed in this area.
Therefore, the urban development zone of Wuhan City is taken as the main study area in
this work.
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Figure 1. Location of study area.

3.2. Data Sources
3.2.1. Data Unit

The traffic analysis zone (TAZ) is the basic data unit of traffic planning and plays an
important role in traffic planning. Compared with other types of urban spatial divisions,
each traffic zone has more similar characteristics, such as population density, economic den-
sity, and land function, which can help measure the urban built environment in each zone
more accurately and fairly [47]. Therefore, this study considers 7940 traffic districts within
the Wuhan urban development area to finely characterize the urban built environment and
people’s emotions in the area (Figure 2).

Figure 2. TAZ subdivision.
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3.2.2. Weibo and POI Data

Sina Weibo is a social media platform operated by Sina Corporation to publicly share,
disseminate, and receive information with free, open, and shared characteristics [48].
Users can log onto Weibo through their website or mobile app and share their current
geographic location and upload text, images, and videos to express their moods and
opinions. Approximately 57% of Sina Weibo users are in China, and approximately 87% of
Sina Weibo activities occur in China, while Sina Weibo is one of the most visited websites in
mainland China. This study obtained information on users’ check-in data points through
the official open API interface of Sina Weibo, including the geographical location (i.e.,
latitude and longitude), text content posted, and time of posting when users check-in.
Table 1 shows some of the original data. The data cover dates ranging from 1 January 2018
to 31 December 2018 in Wuhan area, with a total of 1,138,655 check-ins. Point of interest
(POI) data were obtained through the Baidu Map API interface in 2018 by administrative
area and time, with a total of 168,424 entries in 13 categories.

Table 1. Part of the original data display.

ID Longitude Latitude Text Number

0 113.85714 30.254629 246 line scenery map appreciation, the original
village station sign is still . . . 20 February 2018

1 113.83689 30.65835 Today’s driving is not as fast as walking. 27 January 2018
2 113.82184 30.660141 Another thief took public resources for private 30 January 2018

3 114.10257 30.346842 Wuhan’s snow is falling more and more, the
highway is closed! I want to . . . 26 January 2018

4 113.75531 31.019424 Keep a good attitude, that very important person
will come, just sooner . . . 14 February2018

5 114.04178 30.70154 Take a break. Let’s go on 23 March 2018

6 114.10257 30.346842 The excitement on the way out! Now, when
others think about how to . . . 27 January 2018

3.2.3. Road Traffic Data

Traffic data has a more pronounced cyclical nature than social media data. Studies
have shown that urban traffic is usually repeated on a monthly cycle [49,50]. Therefore,
traffic data for one month was gathered as a dynamic element.

Traffic dynamics is a new concept derived from the traditional traffic flow theory, which
is simply the current state and future trend of traffic flow [51]. In this study, the traffic
congestion at the center point of each road segment is used to represent the traffic congestion
of this road segment, and the hourly traffic congestion on the main roads in Wuhan was
obtained through the open API interface of Baidu Maps to measure the overall road traffic
congestion in the study area. A total of 15,432,210 data were collected from 1 March 2018 to 31
March 2018. Table 2 shows some of the original data. The “Statue” field in the table represents
the congestion of the current road in Baidu Map, where “1” means the road is unobstructed
and “5” means serious congestion. The cost of time through the road is used to represent the
congestion score, which is recorded as the “value” field. The calculation process is as follows:
congestion = (1 − expedite) + congested × 2 + blocked × 5.
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Table 2. Part of the traffic dynamics data display.

Longitude Latitude Status Expedite Congested Blocked Value

113.85714 30.254629 1 50.00% 0.00% 50.00% 3
113.83689 30.65835 1 0.00% 100.00% 0.00% 3
113.82184 30.660141 1 33.33% 33.33% 33.33% 2.998
114.10257 30.346842 1 40.00% 40.00% 20.00% 2.4
113.75531 31.019424 1 25.00% 75.00% 0.00% 2.25
114.04178 30.70154 1 20.00% 20.00% 20.00% 2.2
114.10257 30.346842 1 50.00% 33.33% 16.67% 2.0001

The freight corridor flows were obtained from the truck GPS monitoring data provided
by Wuhan Truck Management Company. The daily average truck flows of the major freight
corridors in Wuhan were monitored from 1 March 2018 to 31 March 2018, and a total of
1,072,815 data were obtained.

3.3. Data Pre-Processing

In the early stage of this study, the original Weibo data needed to be screened to
ensure their validity and also to improve the accuracy of the results. First, since Weibo
data contains not just subjective emotions, it is necessary to remove data that do not reflect
subjective opinions and contain only blank text such as images and videos. Second, the
ArcGIS10.7 tool was used to filter and delete Weibo data from surrounding areas whose
search range exceeds the range of the Wuhan Urban Development Zone. Third, using
JIEBA and term frequency–inverse document frequency (TF-IDF) methods to extract the
subject words of each data, the data was filtered based on the subject words to get the topics
related to the urban built environment [52]. Finally, we obtained 883,440 check-in data
entries. Similarly, the POI data were cleaned using geographic coordinates (latitude and
longitude) to obtain 101,954 POIs located within the urban development zone of Wuhan.
The POIs were classified into seven categories based on attributes: transportation facilities,
park square areas, scenic spots, leisure and entertainment, shopping services, restaurant
services, and medical service facilities.

The Weibo check-in data and POIs were imported into ArcGIS 10.7, and after pre-
processing, such as coordinate correction, a distribution of the check-in points and POI
points in the study area was generated (Figure 3).

 
(a) (b) 

Figure 3. Visualization results of Weibo and POI points: (a) Weibo sign-in data distribution display; (b) POI data distribution
display.
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To express the average performance of the dynamic urban road traffic congestion in
March 2018, the daily traffic dynamics data generated during the same time of year were
averaged, and weights were assigned on an hourly basis to obtain the average urban road
traffic congestion score. The freight corridor data were processed in the same manner.
Figure 4 shows the results, where the congestion conditions of low-level roads are not
shown because of display effect considerations.

Figure 4. Traffic corridor flow display.

4. Methods

4.1. Lexicon-Based Emotion Analysis of Weibo Text
4.1.1. Splitting of the Weibo Text

Participle is to cut the Weibo text into individual words according to Chinese grammar
rules. In the process of element selection, different word participle effects directly affect
the emotion scores of words, thus affecting the results of data analysis [53]. Weibo text
data have the characteristics of short text content, a high degree of colloquialism, an
uncritical language structure, and common use of Internet words, which makes the emotion
analysis method for Weibo different from conventional text emotion analyses [8]. A total of
245 professional terms and 483 Internet terms were added. Moreover, the more complex
forms of Chinese expressions increased the difficulty of performing an emotion analysis of
Weibo data.

In this study, the JIEBA word participle was used, which is an open source word
separation method with simple installation and high accuracy. It is suitable for analyz-
ing large amounts of text and is widely used by noncomputer professionals [54]. The
JIEBA participle analysis has three modes, in which the precision mode word participle
can segment the utterance precisely with no overlapping words, which helps solve the
ambiguity problem to a great extent. Therefore, this study selects the precision mode of the
JIEBA word participle and invokes the cut method to realize the participle of Weibo text.
At the same time, since there are some drawbacks in the lexicon in terms of specialized
terms and emerging random Internet terms, this study manually added specialized terms
related to the urban built environment and some Internet terms to further improve the
accuracy of the word participle. After the word participle, we used the deactivation word
list of HIT and the deactivation word database of Machine Intelligence Laboratory of
Sichuan University to remove the irrelevant deactivation words and obtain the processed
Weibo text.

4.1.2. Integration of Emotional Lexicon
Loading of the Emotion Lexicon

The rule-based emotion lexicon approach is an intuitive and effective method for
emotion analysis [55]. The emotion lexicon is a collection of words or phrases labeled with
emotion intensity, which are of any lexical nature and can be nouns, verbs, or adjectives.
Emotion words are typically polarized into positive and negative emotion words, and the
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scores of emotion words can be quantified. For example, the emotion of the word “like” is
positive, whereas the emotion of the word “dislike” is negative.

This study uses the How Net emotion lexicon as the basis for emotion analysis [56].
How Net emotion lexicon is widely used for emotion analysis in social situations. Liu
and Li proposed to establish a believable vocabulary on semantic knowledge named How
Net, and then obtained the sentiment polarity of words through comparison with the
similarity between the words [57]. Zhu succeeded in judging the semantic orientation of
Chinese online reviews based on the How Net lexicon [58]. Casas-Garriga proposed the
emotion word polarity calculation method based on the semantic similarity and semantic
correlation of How Net lexicon [59], in which the positive emotion word levelness was 1
and the negative emotion word levelness was −1.

Complement of Negative Vocabulary and Degree Adverbs

The presence of negative vocabulary tends to change the emotional tendency of an
utterance, and the degree adverbs in a sentence have an important influence on the intensity
of emotion [60]. This study adds and integrates the commonly used negative vocabulary
and adverbs of degree in How Net to obtain a more comprehensive negation word database
and adverbs of degree database.

The database of negative vocabulary was obtained by supplementing the How Net
negative vocabulary; the common negative words are listed in Table 3. In addition, the
number of negatives preceding the emotion word reverses the emotion polarity. In case of
odd numbers, the intensity of the sentiment word is multiplied by −1, and in the case of
even numbers, it is multiplied by 1.

Table 3. Negative vocabulary displays.

Weight Some Negative Vocabulary

−1 no, not, can’t, not much, don’t have to, didn’t, no, don’t, none, non,
don’t, in vain, hugh, white, empty, in vain, in no way . . .

The How Net list of degree adverbs was supplemented to obtain 219 degree adverbs.
The degree adverbs were divided into six levels, representing different strengths and
weaknesses of emotional tendencies. Each level was assigned a different weight value
according to the gradient descent formula, and the gradient descent formula was expressed
as follows.

Tk+1 = T1
(√2

2
)k k = 1, 2, 3, 4, 5 (1)

where T1 is the weight value of the first level “extremely, most”; the constant
√

2
2 is the

gradient descent rate. The grading of the degree adverbs used in this study is shown in
Table 4.

Table 4. Negative vocabulary displays.

Degree Weight Some Adverbs of Degree Number

1 3 Very, extremely, fully, absolutely, most 69
2 2.1 super, over, excessive, more than, bias, extra 30
3 1.5 quite a lot, especially, extraordinarily, greatly 42
4 1.06 More, more and more, also, further 37
5 0.75 slightly, a little, somewhat 29
6 0.53 not a little, not very, not much, relatively 12

4.1.3. Algorithmic Rule Construction for Weibo Emotion

This study is based on the emotion classification method using How Net lexicon,
supplemented by negative vocabulary and degree adverbs, and integrated to obtain the
emotion lexicon. The emotion value of the Weibo text is calculated for the emotion words,
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expressions and symbols, negative vocabulary, and degree words in the text after the word
participle process. The specific method is as follows: Python is used to read the emotion
lexicon, negative vocabulary database, and degree adverbs database. Each text is traversed,
divided into words and compared with the integrated emotion lexicon, with a score of
1 if it is a positive word and −1 if it is a negative word. If the degree adverbs appear in
the sentence, the score is multiplied by the weight indicator. For the presence of negative
words, an even score is multiplied by 1 and an odd score is multiplied by −1. Subsequently,
the emotion scores are calculated. To better demonstrate the distribution of the emotion
scores, the scores are normalized and distributed in the [−1,1] interval. Figure 5 shows the
specific algorithmic model.

 

Figure 5. Emotional score algorithm.

Based on the algorithm model, the accuracy of the emotion analysis of the Weibo text
based on the sentiment lexicon was tested to be approximately 81.25%.

4.2. Construction of Urban Built Environment Index System

Based on previous research on the relationship between emotions, urban space and
behavioral activities, and built environment, in this study 15 built environment-related
elements were selected from five aspects, namely land use, spatial form, road and traffic,
green and open spaces, and daily life service facilities, to construct a system of urban built
environment indicators (Table 5) [5,27–29,61].

Table 5. Urban built environment measurement index system.

Tier 1 Indicators Tier 2 Indicators Units

Land use Mixed degree of land use –

Spatial form Floor area ratio %
Building density –

Road and traffic

Road density km/km2

Bus stop density pcs/km2

Distance to nearest subway station km
Transportation facilities POI density pcs/km2

Freight traffic impact –
Traffic congestion –

Green and open spaces Park square POI density pcs/km2

Scenic spots POI density pcs/km2

Daily life service facilities

Restaurant POI density pcs/km2

Leisure and entertainment POI density pcs/km2

Shopping service POI density pcs/km2

Medical services POI density pcs/km2
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The mix of parcels for various uses creates a diverse urban built environment. This
study uses POI data, which represents the most fine-grained land use, to measure the
mixed degree of land use in cities [62]. Mixed degree of land use is quantified by using the
spatial entropy of the POI, with higher entropy values indicating more functional types
and a higher mixed degree. The spatial entropy calculation formula is expressed as follows.

Pn = Cn/An (2)

Ss = −∑M
n Pn × log Pn n = 1, 2, 3, . . . , M (3)

where Cn refers to the number of a certain type of POI in the n-th TAZ, Ai is the total
number of POIs in the n-th TAZ, and Ss is the spatial information entropy.

4.3. Geographically Weighted Regression

The GWR model, proposed by Fortheringham et al., is a refined model for a local
spatial correlation analysis based on the conventional general linear regression analysis
and parametric analysis [63]. The model embeds the geographic location of sample data
into regression parameters and calculates the local regressions of the observations in the
data and similar observations in its vicinity to overcome the shortcomings of general linear
regression models. In recent years, the GWR has been widely used in the field of urban
planning to study the factors influencing urban transportation, urban public space, and
urban vitality [64,65]. The coefficients of the variables in this model can be visualized in
an identifiable manner to provide better support for analyzing Weibo check-in behavior.
Considering the spatial heterogeneity of sentiment distribution, this study uses the GWR
model to describe the spatial relationship between emotion values and the built-up urban
environment in a more refined way. The model is defined as follows.

yi = β0 + ∑p
k=1 βk(ui, vi)xik + εi i = 1, 2, 3, . . . , N (4)

where the dependent variable yi is the average emotion of each traffic cell, β0 is the intercept
value and is a constant, (ui, vi) is the geographic coordinate of the sampling point, βk(ui, vi)
is the characteristic elasticity coefficient at sampling point i, and εi is the random error.

The regression coefficients of the GWR were estimated using a locally weighted least-
squares method based on the decay of the distance influenced by the observations around
the spatial location of each TAZ i. The estimated parameters can be expressed as follows.

β̂(ui, vi) =
[
xTw(ui, vi)x

]−1xTw(ui, vi)Y (5)

In this study, the most commonly used Gaussian kernel function was employed as
the estimated weight function to represent the relationship between the weights w and
distances d. The matrix representation is as follows.

wij = exp
(−(

dij/b
)2)

where b represents the bandwidth, a non-negative decay parameter as a function of the
distance between the weights. The higher the bandwidth, the slower the influence decay of
the weights as the distance between locations i. and j increases. The choice of bandwidth
has an important influence on the GWR results. The corrected Akaike information criterion
(AICc) method was chosen in this study to select the appropriate bandwidth.

5. Results

5.1. Distribution of Emotions
5.1.1. Score Distribution of Emotions

To study the characteristics of public emotion distribution within the urban develop-
ment zone of Wuhan, this study scored the pre-processed Weibo texts individually. The
scores were taken as absolute values and the processed results were tallied according to two
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categories to further analyze the intensity distribution of positive and negative emotions.
A positive emotion score indicates that the emotions in the text content are positive, and
the higher the score, the greater the positivity of the emotions; a negative emotion score
indicates that the emotions in the text content are negative and pessimistic, and the higher
the score, the greater the negativity of the emotions [8,14]. Table 6 presents the statisti-
cal data related to the emotion score distribution. The statistical results show that there
are significantly more positive emotions than negative emotions in the study area, and
compared to positive emotions, negative emotions have a more pronounced polarization
phenomenon. The highest numbers are in the strong emotion interval of 0.8–1, and the
distribution of the second strongest emotion interval of 0.6–0.8 and the weak emotion
interval of 0–0.2 are more in number, with evident changes in the emotional intensity.

Table 6. Intensity distribution of emotion scores.

Value 0–0.2 0.2–0.4 0.4–0.6 0.6–0.8 0.8–1 Sum

Positive 69,438 60,536 89,502 117,797 236,944 574,217
Negative 70,890 41,225 46,762 50,853 99,493 309,223

A further decomposition of the emotion scores was performed (Figure 6). The results
showed that positive emotions accounted for a significantly higher proportion in the
overall emotion than negative emotions, and the balance of the distribution of the negative
emotions was slightly higher than that of the positive emotions. The positive emotion
scores were mainly distributed in the intervals of 0.9–1, 0.8–0.9, and 0.6–0.7, indicating a
strong emotional tendency. The negative emotion scores were mainly distributed in the
intervals of −1–−0.9 and −0.2–−0.1, with evident differences in emotional tendencies.

 
 

(a) (b) 

Figure 6. Number and percentage distribution of emotion scores: (a) Overall characteristics of the number of emotions
distribution display; (b) Internal emotional intervals and polarity differences distribution display.

5.1.2. Spatial Distribution of Emotions

To more fairly represent the spatial distribution of emotions within the study area to
further explore the spatial distribution characteristics of the emotions instead of individual
emotion points, this study used the geographic coordinate information of Weibo data to
synthetically calculate the average of the internal emotion point scores of each TAZ, and
comprehensively analyze the spatial distribution of emotion score from the average, the
top, and lowest quartile. Figure 7 shows the results.

From the overall spatial distribution of the emotions, the scores of the main city center
are significantly higher than those of the surrounding new cities in all three aspects. The
emotion scores of the Wuchang area east of the Yangtze River are significantly higher
than those of the Hankou and Hanyang areas in the west, showing distribution charac-
teristics of strong positive emotions and weak negative emotions. The distribution of
the emotions in new cities shows more evident clustering characteristics, and there is a
circle-decreasing effect.
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(a) (b) 

 

 

(c)  

Figure 7. Spatial distribution of emotions. (a) Average score; (b) Top quartile score; (c) Lowest quartile score.

Looking at the emotion classification in more detail, positive emotions are mainly
distributed along the Yangtze and Hanshui Rivers in the main urban area, with a ribbon
distribution feature. Moreover, a small number of positive areas exist outside the main
urban area. The proportion of positive emotions in the Wuchang area is the highest,
followed by the Hankou area and finally the Hanyang area. The distribution of positive
emotion scores is more homogeneous in the Hankou area and varies most within the
Wuchang area. Negative emotions are mainly distributed in six new cities in the periphery,
and there are evident circle differences; the closer to the main urban area, the less significant
the negative emotions, mainly −0.4–−0.2 points. In addition, the closer to the positive
emotion gathering point within the new city, the weaker the negative emotions.

5.2. Distribution Characteristics of the Urban Built Environment

In this study, 15 built environment-related elements were selected from five aspects:
land use, spatial form, road and traffic, green space and open space, and daily life ser-
vice facilities, covering both static and dynamic elements, to build a built environment
measurement index system. To reflect the spatial distribution pattern of the urban built
environment in different dimensions more intuitively, a study was conducted from two
aspects: static elements and dynamic elements.

5.2.1. Spatial Distribution of Static Elements

Urban land use reflects the layout of urban functions, and studies have demonstrated
that land use has a significant impact on human activities [66]. A mixed degree of land use
is a response to the diversity and complexity of land use properties within a particular area
in the city, and the higher the mix, the richer the built environment.
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The POI entropy index was calculated for each traffic cell to reflect its land use mix
(Figure 8). The results showed that the overall land use mix is high in the study area
and has significant distributional differences. The closer to the central city, the higher the
mixing degree and the more complex the urban functions. The land use mixing degree in
Hankou and Wuchang areas is higher than that in Hanyang area, and both have evident
functional aggregation areas.

Figure 8. Mixed degree of land use.

The spatial form of the urban built environment within the TAZ unit was measured
comprehensively by calculating two indicators: the average floor area ratio, and building
density (Figure 9). The results show that the floor area ratio and building density are
generally high in the study area, reflecting a high degree of urban construction and dense
buildings. Specifically, there is a consistency in the spatial distribution of the floor area ratio
and the building density, both showing the characteristics of high in the central urban area
and low in the external areas, indicating an evident circle-decreasing effect. The average
floor area ratio in the central urban area is typically in the range of 1.615%–4.755%, and the
building density is typically in the range of 13.472%–33.800%.

The static road and traffic in the study area was measured in terms of the road density,
bus stop density, distance to the nearest subway station, and transportation facilities POI
density (Figure 10). The overall urban road and traffic is highly developed, with a dense
road network and extensive coverage of bus stops. The construction of subway and
transportation facilities is mainly in the densely populated areas of the main urban areas,
with evident distribution differences.
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(a) (b) 

Figure 9. Spatial form: (a) Floor area ratio; (b) Building density.

 
(a) (b) 

(c) (d) 

Figure 10. Road and traffic: (a) Road density; (b) Bus stop density; (c) Distance to nearest subway station; (d) Transportation
facilities POI density.
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Public green spaces and open spaces play an important role in the emotional health of
the public [14]. Figure 11 shows the results of green and open spaces distributions. Green
and open spaces are significantly lacking in the study area. This is mainly reflected in the
generally low distribution density of park green spaces and scenic spots in the study area,
with few high-distribution densities in the Wuchang area.

(a) (b) 

Figure 11. Green and open spaces: (a) Park square POI density; (b) Scenic spots POI density.

The spatial distribution of daily living places was reflected in the distributions of
four types of POIs: restaurants, shopping services, leisure and entertainment, and medical
service facilities (Figure 12). The results showed that most of the daily life service facilities
in the study area are widely distributed, sufficient in number, and rich in type in the TAZ.
The distribution of daily living service facilities shows a highly similar cluster distribution,
with high density in the central area and low density in the peripheral areas. Among them,
the density of dining and shopping facilities is significantly higher than that of medical
and leisure facilities.

5.2.2. Spatial Distribution of Dynamic Elements

Urban road traffic is a dynamic process, and the physical aspects, such as the road
density, distribution of traffic stations, and service facilities, do not fully reflect the real
situation of urban roads and traffic. In this study, two dynamic traffic elements, such as the
traffic dynamics and freight corridor flow, are added to further measure the urban built
environment of the study area.

Traffic dynamics can reflect the general state of urban road traffic congestion (Figure 13a).
The results showed that the traffic in the study area is generally smooth, with slight
congestion in some areas and significant congestion in the main urban area, particularly in
the central area along the river. The degree of congestion in the north–south direction is
significantly higher than that in the east–west direction, and the congestion in the Wuchang
and Hankou areas is more serious.

Freight corridors are important corridors for urban road transportation, but they are
often neglected. This study further analyzed the degree of impact of freight corridors on
the surrounding area of roads (Figure 13b). The results showed that the impact of freight
traffic is stronger in the main urban area because of its dense population and high road
network density.
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(a) (b) 

  
(c) (d) 

Figure 12. Daily life service facilities: (a) Restaurant POI density; (b) Leisure and entertainment POI density; (c) Shopping
service POI density; (d) Medical services POI density.

  
(a) (b) 

Figure 13. Road and traffic: (a) Traffic congestion; (b) Freight traffic impact.
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5.3. Characteristics of the Built Environment under Different Emotional Polarities

To better investigate the characteristics of built environments under different emo-
tional polarities, the mean and standard deviation of the built environment characteristics
under positive and negative emotions were calculated and compared with the overall
situation in the study area. Table 7 presents the results.

Table 7. Statistics of built environment element values under different emotional polarities.

Urban Built Environment

Total Positive Negative

Average
Value

Standard
Deviation

Average
Value

Standard
Deviation

Average
Value

Standard
Deviation

Land use Mixed degree of land use 0.5475 0.5822 1.0763 0.5204 0.3523 0.4720

Spatial form Floor area ratio 2.4440 3.7361 5.3191 4.6709 1.3828 2.6230
Building density 0.0609 0.0849 0.1201 0.0976 0.0390 0.0676

Road and
traffic

Road density 6.8872 6.5022 10.9595 6.9866 5.3841 5.6112
Bus stop density 6.6934 13.9940 12.0664 18.6165 4.7102 11.2072

Distance to nearest subway
station 3.4621 4.1325 1.1058 1.1331 4.3319 4.4835

Transportation facilities POI
density 2.3355 7.7844 5.9778 12.2998 0.9911 4.5187

Freight traffic impact 48.8836 389.3905 63.7367 302.2095 43.4011 416.8560
Traffic congestion 0.2319 0.3717 0.3991 0.4236 0.1701 0.3298

Green and
open spaces

Park square POI density 0.3240 3.0059 0.7911 4.7848 0.1516 1.9518
Scenic spots POI density 0.9026 8.6549 2.8130 15.8469 0.1974 2.8316

Daily life
service

facilities

Restaurant POI density 18.7648 64.1207 45.6255 86.2631 8.8501 50.1771
Leisure and entertainment

POI density 14.2956 36.3408 35.6877 52.7102 6.3995 23.4804

Shopping service POI
density 53.9652 170.9552 130.2214 258.9595 24.4489 1,106,538

Medical services POI
density 8.0928 21.6962 18.8236 32.1794 4.1319 14.2851

The results showed that the positive areas have a higher mix of urban functions,
denser distribution of public facilities, and shorter distances to subway stations. At the
same time, the built environment varies more within the positive areas. The mean value of
the distance to the nearest metro station is negative area > overall situation > positive area,
while the mean value of the other built environment elements is positive area > overall
situation > negative area. The standard deviation of the built environment elements in the
positive area is generally positive area > overall situation > negative area.

5.4. Correlation between Built Environment and Emotions
5.4.1. Numerical Distribution of Correlation Coefficients

A GWR model has been introduced to investigate the coupling relationship between
urban built environment and emotion, in which the emotion score is taken as the dependent
variable and the urban built environment elements are taken as independent variables.
After passing the covariance test that none of them are collinear, the GWR is calculated.
Table 8 presents the results. Based on the parameters listed in the table, the R2 after model
fitting is 0.655, and the adjusted R2 is 0.640, indicating that the model fits well. The multiple
regression equation fitted by the independent variables can explain 64.0% of the variation.
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Table 8. Geographically weighted regression parameters.

Varname Variable

Bandwidth 7501.522
Residual Squares 101.261
Effective Number 244.445

Sigma 0.131
AICc −7382.546

R2 0.655

The regression coefficients of the independent variables responded to the degree of
influence of the independent variables on the dependent variable. The mean, minimum,
maximum, and positive and negative percentages of the coefficients of each independent
variable were counted. Table 9 shows the results. The greater the mixed degree of land use,
floor area ratio, road density, bus stop density, scenic spots POI density, and medical facility
POI density, the more conducive it is to the positive emotions. The greater the distance
from the nearest subway stop, the more likely it is to lead to negative emotions.

Table 9. Distribution of the regression coefficients of independent variables.

Explanatory Average Minimum Maximum % of Positive % of Negative

Mixed degree of land use 0.04706 −0.21335 0.207051 98.84% 1.16%
Floor area ratio −0.19383 −0.04334 0.398989 59.29% 40.71%

Building density −0.048451 −4.86299 3.956941 48.56% 51.44%
Road density 0.001778 −0.00785 0.009447 68.59% 31.41%

Bus stop density 0.000687 −0.00272 0.006895 66.55% 33.45%
Distance to nearest subway station −0.29818 −0.13458 0.010312 4.07% 95.93%

Transportation facilities POI density −0.000313 −0.15775 0.21269 48.46% 51.54%
Freight traffic impact −0.000015 −0.00094 0.000202 42.49% 57.51%

Traffic congestion −0.040992 −0.11581 0.190944 21.56% 78.44%
Park square POI density 0.002059 −0.13386 0.60973 54.93% 45.07%
Scenic spots POI density 0.00629 −0.25801 0.112994 71.02% 28.98%
Restaurant POI density 0.000106 −0.0013 0.002887 48.80% 51.20%

Leisure and entertainment POI density 0.00193 −0.00735 0.003355 55.86% 44.14%
Shopping service POI density 0.000125 −0.00111 0.002496 69.36% 30.64%
Medical services POI density 0.000243 −0.0061 0.004681 73.38% 26.62%

5.4.2. Spatial Distribution of GWR Correlation Coefficients

The regression coefficients of the independent variables provide a visual represen-
tation of the spatial distribution and differences in the effects of the built environment
elements on the emotional polarity.

The sensitivity of emotional polarity to the independent variables varies across the
different TAZs in the study area, showing significant spatial differences. Figure 14 shows
the distribution of the estimated coefficients of the GWR of the respective variables. Among
them, the east side area of Wuhan is more likely to be influenced in a more positive direction
than the west side. This distribution is also reflected in the north–south direction, with the
north side being influenced to a greater extent. In addition, it is significantly reflected in
several factors such as the mixed degree of land use, road density, bus stop density, and
the degree of freight traffic impact (Figure 14d,e,h).
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Figure 14. GWR coefficients: (a–o) Representing the GWR coefficients between different built environment elements and
emotions.

Specifically, in terms of the built environment factors, the correlations of the different
built environment elements with emotions are spatially distinct and uneven. In terms of
the mixed degree of land use, the correlation is highest in the Wuchang area, particularly in
the eastern side, and lower in the Hankou and Hanyang areas, on both sides of the Hanshui
basin (Figure 14a). The correlation of building density and the floor area ratio is significantly
lower in the main urban area than in the outer areas, with Wuchang having a significantly
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lower value than Hankou and Hanyang (Figure 14b,c). The correlation between the road
density, bus stop density, and emotions has evident consistency, showing a clear trend
of circle distribution, with low correlation at the center and a high correlation between
the east and west sides (Figure 14d,e). There is a significant negative correlation between
the distance to the nearest subway station and emotions. The closer the distance to the
subway station, the more positive the emotion (Figure 14f). The density of traffic facilities
has a significantly higher impact on emotion in the outer areas than in the main city, with
the west side significantly stronger than the east side (Figure 14g). The correlation of the
degree of freight traffic impact is more evident in the outer areas, which is closely related
to the industrial layout status and the distribution of traffic corridors (Figure 14h). There is
an evident spatial divergence in the degree of urban road traffic congestion in the main
urban area and the outer areas, which is reflected by a weak correlation in the main urban
area and a strong correlation in the outer areas. This is related to the generally congested
traffic conditions within the city (Figure 14i). The trend in the correlation between the
density of POI distribution and emotion of public open space and daily activity space
has evident consistency, such as park square space, scenic spots, restaurants, shopping
services, leisure and entertainment, and medical service facilities. The higher the density
of the distribution of facilities, the more positive the emotion. This indicates that the
configuration of public open space and daily life service facilities is conducive to evoking
positive emotions (Figure 14j–o).

The above correlation analysis shows that urban built environments and emotions
have an evident correlation. The distribution of this correlation has evident spatial consis-
tency and spatial divergence, which is strongly influenced by geographical location.

6. Discussion and Conclusions

Research on analyzing emotions and urban built environments through social media
data is emerging in the context of other cities around the world. Zhu et al. have explored
emotional differences in urban green spaces in 34 parks in three northern Chinese cities [14].
Ma et al. have explored the emotion distribution of social media texts around the waterfront
of Wuhan [8]. However, existing studies have mainly focused on single elements such
as green areas and waterfronts in urban areas, paid little attention to the overall built
environment in cities, and used short research periods or few research data sets. This study
takes Wuhan City as an example and explores the spatial distribution of urban public
emotions and urban built environment from the perspective of public emotions, providing
a new perspective for the future enhancement of urban built environment and people-
centered urban construction, and proposing recommendations for the renewal, planning,
and development of humanized urban spaces and built environments. The research results
for Wuhan prove the feasibility of this approach. Wuhan is an advanced metropolis with
a long history, developed transportation, and a large population. It has a complex and
diverse urban spatial environment that is representative of the rapidly developing cities of
central China. These representative characteristics ensure that the research results obtained
for Wuhan can be extended to similar cities.

6.1. Results Discussion

This study proposes a new approach and perspective that combines text emotion anal-
ysis of social media big data and multidimensional urban built environment incorporating
dynamic elements, and explores the spatial distribution of public emotions and urban
built environments in cities. A GWR model and spatial analysis are introduced to explore
the relationship between emotions and the built environment and to provide targeted
suggestions for improving the quality of the built environment from the perspective of
emotions. The results of the study indicate that the scores and spatial distribution of public
sentiment within the Wuhan urban development zone have significant differences, and the
built-up urban environment has a significant impact on public emotion.
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Specifically, on the one hand, the distribution of positive and negative emotions
in Wuhan has evident differences in terms of the scores and spatial heterogeneity. The
number and scores of positive emotions are significantly higher than those of negative
emotions. Positive emotions are mainly distributed in the main urban areas and other
areas where functions are gathered, while negative emotions are mainly distributed in the
outer areas. In comparison, the emotion value of each TAZ is the average of all values
in the region and represents the overall situation rather than an individual case. There
is a clear divergence between the main urban area and the new urban area in the study
area. Within the main urban area, Wuchang is the political, educational, and cultural center
with a better natural environment. Hankou is mainly the commercial and trading center
of Wuhan city, and parts of Hankou and Hanyang have undergone urban renewal, and
their urban environment and landscape are better. Therefore, it has a high score within
the main urban area. New urban areas are in the development stage, with more industrial
areas and poorer overall environment, which is more likely to cause negative emotions.
On the other hand, the impact of urban built environments on the public also has a large
variability. Among the 15 indicators, those with the greatest impact on public sentiment
values are mixed degree of land use, road density, traffic congestion, and freight traffic
impact. Hence, the quality of Wuhan’s future urban built environment can be improved
by enhancing land use mix, reasonably increasing the density and accessibility of the
road network, increasing the number of public transportation facilities, improving traffic
congestion, weakening the impact of freight traffic, and increasing public open space within
an appropriate range. Further enriching the functions of the urban built environment,
enhancing urban vitality, mitigating the negative impacts of urban traffic, and reasonably
developing and constructing urban green and public spaces are important for promoting
positive public emotions and mitigating negative ones.

6.2. Values and Innovations

Four innovative and unique research contents and methods have been reported
in this paper: first, a multidisciplinary interdisciplinary inquiry method that combines
GIS, natural language processing, and psychology was developed. Various methods,
such as text emotions, GWR, and multifactor evaluation, were incorporated into the
study. Second, social media big data were used to respond to public sentiment in a more
relevant manner. Unlike conventional purposeful survey methods, social media data can
provide continuous information on users’ opinions and attitudes toward cities, further
revealing their hidden characteristics. The use of social media data makes an important
contribution to urban planning and decision making and to deeply interpreting the role
of urban space and built environment from a human perspective, which helps further
improve the relationship between people and cities and enhance urban well-being. Third,
the introduction of dynamic traffic environment elements provided a comprehensive
measure of urban built environment from a multidimensional perspective, which further
revealed the environmental elements affecting people’s emotions in urban spaces in a more
comprehensive manner. Fourth, unlike existing studies, the specific built environment
elements significantly related to emotions were clarified in this study to provide direct
feedback for urban renewal and urban planning.

6.3. Limitations

This study, like any other, has some limitations. First, iconic words and symbols were
used to rate Weibo texts. Because of the diverse forms of Chinese expressions, our method
does not fully and accurately reflect users’ emotions. Methods such as machine learning can
be incorporated in subsequent studies to improve the interpretation of emotions. Second,
the age distribution of people in Weibo data has limitations. Despite the rapid development
of mobile networks, the number of Weibo users is limited, particularly in terms of the age
distribution. Children and older people were not considered in the study given the lack of
related Weibo data. Hence, further attention should be paid to the coupling between the
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emotions of different age groups and the urban built environment by combining traditional
questionnaire methods in subsequent studies. Third, our consideration of the elements that
influence emotion is still not comprehensive enough. The influence of urban environmental
and social factors, such as air quality and crime rates, is ignored. Future research can
further investigate the elements influencing emotions in a comprehensive manner.
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Abstract: Housing market dynamics have primarily shifted from consumption- to investment-driven
in many countries, including Australia. Building on investment theory, we investigated market
dynamics by placing investment demand at the center using the error correction model (ECM). We
found that house prices, rents, and interest rates are cointegrated in the long run under the present
value investment framework. Other economic factors such as population growth, unemployment,
migration, construction activities, and bank lending were also important determinants of the housing
market dynamics. Our forecasting results show that the Sydney housing market will continue to
grow with no significant price decline in the foreseeable future.

Keywords: housing market dynamics; price forecast; error correction model (ECM); Sydney hous-
ing market

1. Introduction

A prosperous and healthy housing market is critical for the modern economy. Yet,
there are crucial research gaps, and, therefore, there is a need to better understand housing
market dynamics. One of the most critical observations we made in past decades is that
housing market dynamics have primarily shifted from consumption- to investment-driven
in many countries, including Australia. Investment activities (including speculation on
capital gains) have been the center of housing demand. More importantly, this investment-
driven housing demand is believed to continue in the foreseeable future. With firm
guidance from investment theory, this paper examines housing market dynamics through
a lens that places investment demand at the center of housing market dynamics using
an augmented error correction model (ECM). Since the proposed ECM model contains
information set on both current and past values of house prices, the results are useful in a
one-step-ahead price forecast which is important in real estate markets.

The ECM method has been widely applied to house price forecasting in many coun-
tries such as the US [1], Netherlands [2], Euro areas [3], New Zealand [4], and Australia [5].
As pointed out by Wheaton, Chervachidze, and Nechayev [6], the method can handle
both the stationarity and endogeneity problems that plague the time-series data for local
housing price analysis. However, the empirical application of an ECM requires researchers
to select possible “determinants” of the local housing market and distinguish their long-
or short-term relationship in the market. Traditional reduced-form studies of housing
market supply and demand struggle to provide firm guidance from theory on the selection
of housing determinants, which means that the ECM specifications are often ad hoc in
practice. The novelty of our approach is to specify an investment ECM model based on
the long-run relationship among house prices, rents, and interest rates and a variety of
short-term impacts from other economic variables. To the best of our knowledge, this is the
first paper distinguishing between the investment and consumption determinants in an
ECM specification of house price analysis.

Land 2021, 10, 1009. https://doi.org/10.3390/land10101009 https://www.mdpi.com/journal/land74
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We found that the key market drivers for housing demand are prices, rents, and
interest rates. There is a long-run relationship between housing prices, rents, and interest
rates. House prices are also influenced by other local and nationwide economic variables
such as population growth, unemployment rates, migration numbers, construction costs,
bank mortgage lending, and spatial correlation among Australian capital cities. These
economic variables directly affect house prices in the short-term and indirectly affect house
prices through rents and interest rates in the long term.

Housing is both a consumption good and an investment asset. For many Australians,
the great Australian dream is to own their family homes, leading to a better, more secure,
and prosperous life. Nowadays, the rising housing prices in many Australian regions,
especially in large capital cities such as Sydney and Melbourne, are making it increasingly
difficult for many to achieve this dream. Over the last 40 years, housing prices in Sydney
have increased more than thirty times; in contrast, household incomes have merely in-
creased by about ten times. Although the Sydney population has almost doubled during
the same period and household formations are becoming smaller, these do not fully explain
why Australian house prices have priced out so many hard-working ordinary Australians.
Yanotti and Wright [7] studied the determining factors of purchasing investment properties
through analyzing mortgage finance data and identified where the investment stock is
physically located. They found a mismatched investment of residential property and rent-al
demand in Australia.

Traditional house price models derived from reduced-form structural supply and
demand equations are valid but have a misplaced investment demand. In 1989, Mankiw
and Weil [8] published their famous paper titled “The Baby Boom, The Baby Bust, and
the Housing Market”. By examining significant demographic changes in the US housing
market, they concluded that real housing prices would fall substantially in the future.
Thirty years later, global house prices, including in the US and Australia, have increased
considerably rather than decreased. Why do their conclusions, based on demographic
changes, have proved to be inaccurate? The answer largely depends on how we understand
and interpret housing market dynamics.

In housing finance, making a deposit and then repaying the mortgage principal over
20 to 30 years represents an opportunity cost of ownership that is valued by the present
value of future benefits. Shiller [9] argued that house prices should be equal to the current
discounted value of future rents. This present value framework borrowed from finance
literature applies to both investment and consumption purposes. For owner-occupied
houses, there is an implicit rent called a user cost of housing paid by the owner [10–16].
Since the accurate estimation of a user cost can be difficult or even problematic [17],
researchers tend to use market rents as a proxy for user cost in practice. Compared to
the estimation of user cost, market rents are more readily observable in a marketplace.
Shi, Jou, and Tripe [4] applied the present value model to investigate how the real rental
rate and interest rate affect the real housing price. Using a similar asset pricing approach,
Bourassa, Hoesli, and Oikarinen [18] found that a price-to-rent ratio measure performs
well in housing market dynamics analysis.

To test the validity of our proposed investment modeling, we undertook a cointegra-
tion and error correction analysis for fifteen years of house prices in the Greater Sydney
Area between 2004 and 2018. We first used data from 2004 to 2013 to develop the model and
then tested the model’s forecast performance in an out-of-sample test during 2014 and 2018.
The results showed an average forecast error of 2.2%, or between AUD 19,000 and AUD
23,000, compared to the average house price in the Greater Sydney Area of AUD 863,000
during the testing period. Moreover, the model showed a superior forecast performance
compared to the alternative models. We also forecasted house prices in the Greater Sydney
Area for the foreseeable future, that is, from 2019 to 2030. The results indicated that house
prices should bottom out in 2019 and would continue to rise in the future. The chance for a
significant downward market price adjustment is less likely. Note that our price forecasting
was based on the data up to 2018, i.e., the best available information at the time of writing
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this paper. Although we cannot forecast future events like a pandemic, their economic
impacts on the housing market are easy to incorporate in our models via the changes of
interest rates and other economic variables in the specified dynamic system.

In the next section, we review the theoretical base for the modeling. We then outline the
econometric tools used, describe the data, discuss the results, and provide the conclusions.

2. Theoretical Base for Modeling

The theoretical basis follows the present-value model, which is commonly used to
estimate the value of stocks in the share market to estimate the values for housing. Under
the proposed present-value theory, housing is valued as a financial asset where price relates
to the expected future cash flows discounted to the present by using an expected discount
rate. For owner-occupied housing, there is an implicit rent (called a user cost or economic
rent) paid by the homeowners; for investment properties, there is market rent paid by the
renters. Thus, housing price P at time t can be written as follows:

Pt = Et

[
n

∑
i=1

Dt+i

(1 + R)i

]
+ Et

[
Pt+n

(1 + R)n

]
(1)

where Dt is the dividend or cash flow at time t and R is the discount rate. E denotes the
expected value.

In the finance literature, the first term is often called the fundamental value, and the
second term is the price bubble. When n is sufficiently large, the second term converges
to zero. The model implies that the current asset price is simply the sum of all expected
present values of future cash flows, discounted at a constant rate. The model has been
widely applied in finance to value shares.

In the property market, a simplified version of the above present model, called a
capitalization approach, is used to value income-producing properties. However, while the
assumption of a constant expected income D and discount rate R is analytically convenient,
they contradict the evidence that both the expected income and the investor’s expected rate
of return vary over time. Campbell and Shiller [19,20] suggested a log-linear present-value
model with time-varying expected returns, where a log asset price at time t is written
as follows:

pt =
k

1 − ρ
+ Et

[
n

∑
j=0

ρj
[
(1 − ρ)dt+1+j − rt+1+j

]]
+ Et

[
ρj pt+j

]
(2)

where ρ = 1/
(

1 + exp
(

d − p
))

, (d − p) is the average log dividend-price ratio,

k = − log(ρ)− (1 − ρ) log
(

1
ρ − 1

)
, and rt+1 = log(Pt+1 + Dt+1)− log(Pt).

When the time horizon n increases to infinity, the third term, which is the discounted
expected value of the asset price, shrinks to zero. Accordingly, the current asset price can
be presented as follows:

pt =
k

1 − ρ
+ Et

[
∞

∑
j=0

ρj
[
(1 − ρ)dt+1+j − rt+1+j

]]
(3)

This equation can be rewritten in terms of the log dividend-price ratio, which is:

dt − pt = − k
1 − ρ

+ Et

[
∞

∑
j=0

ρj
[
Δdt+1+j + rt+1+j

]]
(4)

The above Equation (4) is referred to by Campbell and Shiller [19,20] as the dividend-
ratio model. This equation implies that the log dividend-price ratio should be stationary,
provided the changes in log dividends and the expected stock return are stationary. Where
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the log dividend-price ratio is nonstationary, it is very likely that the expected stock return
is nonstationary (highly persistent), even when the above present-value model is valid.

3. Econometric Tools for Model Development

The Augmented Dickey–Fuller (ADF) unit root test is applied to test for the station-
arity of time-series variables. As expected, they are integrated order one I(1) processes1.
Because house prices, rents, and interest rates are I(1) variables, they are further tested for
cointegration under the proposed present-value framework.

Cointegration tests are widely used in time-series econometrics. In empirical tests,
cointegration and unit root tests between stock prices and dividends give mixed findings
depending on the time period studied. Using the annual US stock market data from 1871 to
1986, Campbell and Shiller [21] found that stock prices and dividends are not cointegrated.
The deviation between prices and dividends is quite persistent. On the other hand, Diba
and Grossman [22] indicated a possible cointegration relationship between stock prices
and dividends for the US stock market. In terms of the housing market, Gallin [23] found
the log rent-price ratio is stationary by using aggregated quarterly data for the US housing
market. When Brooks, Katsaris, McGough, and Tsolacos [24] examined the monthly prices
of UK equity-traded property stocks from 1986 to 1998, they found that prices and rents
are not cointegrated over the sample period.

The error correction model (ECM) is the next application step in this study under the
proposed present-value framework. The ECM model is based on the assumptions that
house prices, rents, and interest rates are cointegrated and that house prices are affected
by both long-run cointegration and short-run dynamics among prices, rents, and interest
rates. Since house prices are affected by other factors and tend to be seasonal, key micro-
and macro-economic variables and seasonal quarterly dummy variables are included
as external control variables in the ECM model. The identified key economic variables
include population and immigration growth, building costs, building supply, the amount of
mortgage lending, and housing price growth in Australian capital cities. They are selected
for the proposed ECM model according to their statistical significance in the modeling. To
be specific, the Johansen cointegration test and the ECM model were written as follows:

xt = α0 + α1xt−1 + β1yt−1 + γ1zt−1 + δ1μt−1 + Et + St + εt (5)

where x, y, and z are log price, rent, and interest rate in the first differences, α0 is a constant,
μ is the error correction term, E is a vector of key micro and macroeconomic variables such
as population, employment, immigration, bank lending, construction activities, etc. (see
Table 1 for exact variables used in Equation (5)), S is a vector for seasonal dummies, and ε
is white noise.

For simplicity, we excluded any potential structure breaks or regime shifts in the
above models. This is justified as our main objective is forecasting rather than econometric
modeling. The literature showed that forecasts are not substantially affected by the presence
of structural breaks [25]. Elliott and Muller [26,27] further showed that gains from modeling
a structural break might be offset by imprecisely estimated break dates and post-break
parameters. Therefore, ignoring a break may lead to more accurate forecasts [28].
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Table 1. Definition of variables.

Variable Definition Sources

SYD_HP_MEDIAN_H Median house prices in the Greater
Sydney Area SIRCA

SYD_RENT_H Median house rents in the Greater
Sydney Area SIRCA

SYD_HP_MEDIAN_U Median unit prices in the Greater
Sydney Area SIRCA

SYD_RENT_U Median unit rents in the Greater
Sydney Area SIRCA

AUS_INT_90D Australia 90-day bill rate Datastream

AUS_INT_10YRF Australian ten-year government bond
yield Datastream

AUS_LEN_DF Bank mortgage lending for all dwelling
finance in Australia ABS

AUS_CONF Building construction cost index of
Australia ABS

NSW_PPGF New South Wales population growth ABS

SYD_SUP_DF Total number of dwelling (all types)
supply in the Greater Sydney Area

NSW Planning
& Environment

SYD_NOMF Net migration numbers in the Greater
Sydney Area ABS

ECC_PCF

Residential Property Price Index
percentage change from the

corresponding quarter of the previous
year-weighted average of eight capital

cities

ABS

Variable Transformation

D(LOG(SYD_HP_MEDIAN_H)) Changes in median house prices
D(LOG(SYD_RENT_H)) Changes in median house rents

D(LOG(SYD_HP_MEDIAN_U)) Changes in median unit prices
D(LOG(SYD_RENT_U)) Changes in median unit rents
D(LOG(AUS_LEN_DF)) Growth rate of bank mortgage lending

D(LOG(AUS_CONF)) Changes in building construction costs
D(LOG(NSW_PPGF)) Changes in population growth
D(LOG(SYD_NOMF)) Changes in net migration numbers

Note: D denotes the first difference and LOG represents the natural logarithm.

4. Variable Selection and Description

This analysis focused on the Greater Sydney Area, which covers 35 LGAs as defined
by the Australian Bureau of Statistics (ABS)2. The sample period spanned from Q3 2004
to Q4 2018. The reason the analysis started in 2004 is mainly due to data availability. For
example, there is no reliable rental time-series data prior to 2004. All time-series data are in
quarterly frequencies and collected from various data sources. In total, 50 variables were
considered in the proposed ECM model, covering a broad range of national, regional, and
local economies. Some key variables and data sources are listed below and detailed in
Table 13.

(1) Australian Bureau of Statistics (ABS). This includes, for example, time-series data on
regional population and immigration growth, nationwide bank mortgage lending,
building construction cost, and price changes in other capital cities

(2) Securities Industry Research Center of Asia-Pacific (SIRCA). This includes, for exam-
ple, time-series data on median prices and rents for houses and units in the Greater
Sydney Area. We assume that the mix and quality of quarterly residential property
sales for houses and units (i.e., the number of bedrooms, bathrooms, car parks, lot
size, land tenure, a mix of high- and low-value properties, and transaction types, etc.)
are relatively stable over time. The impact of forced sales on reported median price
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indices as discussed in Renigier-Biłozor, Walacik, Źróbek, and d’Amato [29] is small
in this study.

(3) DataStream. This includes, for example, market data on Australia’s interest rates and
government bond yields

(4) NSW Planning & Environment. This includes, for example, time-series data related
to local housing and land supply.

All the variables and forecasting results are expressed here in nominal terms, i.e., they
are the actual value at the time of the analysis without adjusting for inflation. Depending
on the purpose of their research, economists choose to use either real or nominal terms in
their analyses. However, there is no consensus in the literature on what inflation indices
should be used to deflate the variables. To avoid introducing unnecessary measurement
errors in deflating variables for the analysis and later converting prices back to nominal
values for the forecasting, nominal values are adopted in this market dynamic analysis.

5. Model Development and Testing Results

5.1. Model Development

Table 2 shows the ECM modeling results for the Greater Sydney Area between 2004
and 2018. Column (1) contains the results for houses, and column (2) is for units. The
adjusted R-squared is 0.843 for houses, which means that a variation of 84.3% in quarterly
house price changes has been explained by the ECM house price model. For units, the
adjusted R-squared is 0.812. Thus, both house and unit price changes are well modeled
over the sample period.

Under the present-value framework, asset prices, rents, and interest rates are expected
to be cointegrated in the long run. The cointegration results in Table 2 show prices, rents,
and interest rates are indeed cointegrated4. Both house and unit price changes are positively
related to rent changes but negatively related to interest rate changes. For every one percent
increase in rents, it increases house prices by about 0.262%, while for every one percent
increase in interest rates, it decreases house prices by 0.582%. In contrast, unit prices are
more sensitive to rent and less sensitive to interest rate changes. For every one percent
increase in rents, it increases unit prices by 0.5%, while for every one percent increase in
interest rates, it decreases unit prices by about 0.412%. One possible explanation for this
is that houses are more expensive than units. Thus, house owners are more sensitive to
interest rate changes than unit owners. Another explanation is that units are more likely to
be held for investment purposes. Investors focus more on income instead of interest rate
changes because interest costs are tax-deductible for property investment.

The long-term relationship, as indicated by the cointegration term CointEq1, is neg-
ative (−0.048 for houses and −0.046 for units) and statistically significant, which means
the speed of adjustment from a short-run towards a long-run equilibrium in the Sydney
housing market is about 4.6–4.8 percent each quarter. The results indicate a very slow price
adjustment process in the housing market.

Short-term price dynamics also affect price changes. Table 2 shows that the current
period price change is statistically significant in relation to the last period price change and
the price change in other Australian capital cities (apart from Sydney). One percentage
point increase in the last period price change increases the current period price change by
0.536% and 0.639% for houses and units, respectively. Although other economic factors
are not statistically significant in the price model, they are important in rent and interest
rate models. For example, rents are found to be negatively related to the last period’s net
migration figure in New South Wales and the new dwelling supply in Sydney. Interest
rates, however, are found to relate positively to the last period’s government bond yields,
construction costs, net migration figure, and dwelling supply. Interest rates are also
negatively related to Australian mortgage lending5.
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Table 2. Model development—Error correction model estimates, Q3 2004–Q4 2018.

(1) (2)

House Price Changes Unit Price Changes

CointEq1 −0.048 *** −0.046 ***
(0.014) (0.015)

D(LOG(SYD_HP_MEDIAN(-1))) 0.536 *** 0.639 ***
(0.071) (0.076)

D(LOG(SYD_RENT(-1))) 0.009 −0.007
(0.107) (0.054)

D(LOG(AUS_INT_90D(-1))) 0.017 −0.007
(0.021) (0.014)

Constant −0.002 −0.000
(0.003) (0.003)

D(LOG(AUS_INT_10YRF)) −0.003 −0.001
(0.015) (0.011)

D(LOG(AUS_LEN_DF)) 0.007 0.011
(0.034) (0.025)

D(LOG(AUS_CONF)) −0.291 −0.210
(0.269) (0.215)

D(LOG(NSW_PPGF)) −0.003
(0.004)

D(LOG(SYD_SUP_DF)) 0.003 −0.006
(0.008) (0.007)

D(LOG(SYD_NOMF)) 0.042 0.052 *
(0.036) (0.028)

ECC_PCF 0.002 *** 0.001 ***
(0.000) (0.000)

Seasonal dummy Yes Yes

Adj. R-squared 0.843 0.812
Sum sq. resids 0.003 0.006
S.E. equation 0.009 0.012
F-statistic 24.567 2.966
Log likelihood 200.977 184.466
Akaike AIC −6.447 −5.878
Schwarz SC −5.95 −5.38
Mean dependent 0.012 0.008
S.D. dependent 0.022 0.014

The cointegration equation results
LOG(SYD_HP_MEDIAN_H(-1)) 1.000 1.000
LOG(SYD_RENT_H(-1)) −0.262 (0.249) −0.500 (0.117)
LOG(AUS_INT_90D(-1)) 0.582 (0.077) *** 0.412 (0.043) ***
Constant −12.475 −10.609

Notes: Descriptions of the explanatory variables are provided in Table 1. Standard errors are shown in ( ). *, **,
and *** denote significance levels at the 10%, 5%, and 1% level, respectively.

Overall, both house and unit price equations are well supported by the ECM modeling
under the present-value framework. Our results show that prices are mostly driven by
the short-run dynamics in the market, and the price adjustment process to its long-run
equilibrium is very slow. It takes about 20 quarters for the housing market to adjust
towards its long-run equilibrium. The results imply a self-fulfilling phenomenon in the
Sydney housing market, which is consistent with the bubble literature on the Australian
and New Zealand housing markets [5,30,31].

5.2. Out-of-Sample Testing, Underlying Variable Assumptions, and Measures of
Forecasting Accuracy

To validate the proposed ECM model forecasting performance, we used an in-sample
(training) data period from 2004 to 2013 to estimate the model and a pseudo-out of-sample
period between 2014 and 2018 to test its forecasting performance. In other words, we used
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the first 10 years of data to build the model and compared its forecasted prices to the actual
prices in the next five years from 2014 to 2018. The ECM models developed for the periods
between 2004 and 2013 are included in Appendix A.

Since other economic variables are included as exogenous inputs in the proposed ECM
model, we needed to make some assumptions about those variables in the out-of-sample
testing period before forecasting prices. One approach was to take them as observable.
In this case, forecasting errors between the forecasted and actual prices would have to
be due to the ECM model itself rather than any estimation errors introduced from the
other forecasted variables. However, this take-as-given approach is not realistic. In reality,
we simply do not know those economic variables in advance. Thus, we introduced a
conditional forecasting method of using time-series techniques to forecast those underlying
economic variables. These advanced time-series forecasting techniques include auto-
regressive integrated moving average (ARIMA) and the auto-regressive (AR) methods.
Four statistical measures were used to evaluate a forecast performance and the statistical
difference between the forecasted prices and actual prices. They are the Root Mean Square
Error (RMSE), Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), and
Theil inequality coefficient. While the first three statistics are based on quadratic loss and
average errors, the Theil index measures the proximity between the forecasts examining
the ability of the forecast series to match the mean and the variance of the actual series. The
model forecast evaluation results are shown in Table 3.

Table 3. Out-of-sample testing, Q1 2014–Q4 2018.

Variable obs. RMSE MAE MAPE Theil

Panel A: Actual
Median house prices 20 22,578 19,003 2.207 0.013
Median unit prices 20 31,923 23,047 3.141 0.024

Panel B: Statistical models
ARIMA model

Median house prices 20 53,771 45,449 5.368 0.032
Median unit prices 20 24,593 20,107 2.299 0.014

AR(1) model
Median house prices 20 59,000 49,203 5.776 0.035
Median unit prices 20 18,484 14,111 2.068 0.014

AR(4) model
Median house prices 20 70,685 59,990 7.172 0.042
Median unit prices 20 21,640 18,154 2.729 0.016

AR(8) model
Median house prices 20 64,694 54,936 6.534 0.038
Median unit prices 20 21,370 18,047 2.688 0.016

AR(16) model
Median house prices 20 46,217 39,780 4.712 0.027
Median unit prices 20 25,551 19,379 2.836 0.019

AR(20) model
Median house prices 20 37,305 31,007 3.677 0.022
Median unit prices 20 30,753 23,981 3.397 0.023

Notes: RMSE denotes the Root Mean Square Error; MAE is for the Mean Absolute Error; MAPE is for the Mean
Absolute Percentage Error; and Theil is for the Theil Inequality Coefficient.

Panel A of Table 3 shows the model forecast evaluation results for houses when
underlying variables are taken as given. Between the forecasted and actual quarterly house
prices, the RMSE is AUD 22,578, the MAE is AUD 19,003, the MAPE is 2.207%, and the Theil
for inequity measure is 0.013. The average house price in the Greater Sydney Area is about
AUD 863,000 during the forecasting period between 2014 and 2018. Thus, the forecasted
quarterly house prices closely track the actual house prices, which is demonstrated in
Figure 1.
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Figure 1. Out-of-Sample forecast, Q1 2014–Q4 2018.

Panel B of Table 3 shows the results of conditional forecast when the underlying
economic variables are unknown and must be forecasted. Two popular and widely-
applied time-series forecasting techniques (ARIMA and AR models) were considered in
this analysis. The results show that using an AR(1) process in the underlying economic
variable forecast produced the best forecasting results for units, while an AR(20) process
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produced the best forecasting results for houses. The ARIMA model produced somewhat
forecasting results in between an AR(1) and AR(20) process. The results showed that the
forecasting performance of developed models is conditional on the assumed knowledge
of underlying variables. As AR(1) and AR(20) processes tend to set the boundary of
forecasting, we chose to rely on the more sophisticated ARIMA model and selected AR(1)
and AR(20) processes for future price forecasting in the next section. The results provide
some insights into forecasting for decision-making under different underlying variable
assumptions.

5.3. Forecasting Results

Table 4 presents the forecast median house and unit prices for the Greater Sydney
Area from 2019 to 2030. These prices are forecast-based on the model developed using the
data between 2004 and 2018 described in Section 4. The underlying economic variables
are estimated using the ARIMA and selected AR models. In other words, these are fitted
values to each one of the macroeconomic variables, Et.

Table 4. Forecasted median prices, Q1 2019–Q4 2028.

Houses Units

Time Period ARIMA AR(1) AR(20) ARIMA AR(1) AR(20)

2019Q1 931,067 935,696 930,709 708,278 711,058 707,385
2019Q2 911,194 919,994 910,228 703,633 709,259 702,693
2019Q3 899,668 910,522 898,726 701,262 709,549 701,167
2019Q4 899,592 902,946 898,575 704,042 709,965 705,222
2020Q1 911,688 897,870 910,480 710,599 709,785 712,396
2020Q2 937,604 896,699 935,054 725,269 712,940 727,899
2020Q3 969,586 898,580 963,080 742,813 717,425 744,982
2020Q4 1,000,454 899,203 988,440 761,172 721,061 762,201
2021Q1 1,026,564 899,777 1,010,434 776,647 723,352 776,808
2021Q2 1,051,763 902,546 1,035,673 793,422 728,505 794,303
2021Q3 1,072,154 907,377 1,061,955 807,664 734,725 810,899
2021Q4 1,084,812 910,416 1,085,048 818,901 739,903 827,012
2022Q1 1,090,764 913,157 1,103,916 825,515 743,606 838,728
2022Q2 1,097,922 918,003 1,122,849 833,694 750,172 852,274
2022Q3 1,104,906 924,863 1,141,454 841,290 757,768 864,616
2022Q4 1,110,291 929,794 1,158,450 848,505 764,205 877,111
2023Q1 1,115,409 934,287 1,176,081 854,240 769,020 887,132
2023Q2 1,127,265 940,781 1,201,009 864,403 776,693 902,642
2023Q3 1,143,098 949,182 1,229,239 876,219 785,338 919,601
2023Q4 1,159,630 955,449 1,255,977 888,902 792,691 937,265
2024Q1 1,176,506 961,117 1,280,240 900,605 798,278 951,949
2024Q2 1,199,588 968,711 1,307,132 916,464 806,760 970,516
2024Q3 1,224,766 978,157 1,329,884 933,008 816,191 986,871
2024Q4 1,247,488 985,306 1,341,254 948,795 824,226 999,107
2025Q1 1,267,094 991,752 1,340,653 961,684 830,379 1,003,737
2025Q2 1,289,900 1,000,113 1,336,449 977,148 839,503 1,009,010
2025Q3 1,311,892 1,010,324 1,330,797 991,885 849,581 1,011,236
2025Q4 1,328,916 1,018,109 1,324,326 1,004,629 858,177 1,012,546
2026Q1 1,341,300 1,025,120 1,321,241 1,013,773 864,786 1,012,437
2026Q2 1,356,635 1,034,069 1,329,277 1,025,616 874,466 1,019,592
2026Q3 1,371,711 1,044,895 1,343,665 1,037,221 885,119 1,029,243
2026Q4 1,382,851 1,053,181 1,359,345 1,047,595 894,211 1,040,725
2027Q1 1,390,980 1,060,639 1,374,828 1,055,374 901,217 1,050,439
2027Q2 1,404,237 1,070,076 1,396,359 1,067,094 911,409 1,066,013
2027Q3 1,419,395 1,081,436 1,420,529 1,079,755 922,604 1,082,358
2027Q4 1,432,427 1,090,149 1,441,346 1,092,156 932,161 1,098,464
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Table 4. Cont.

Houses Units

Time Period ARIMA AR(1) AR(20) ARIMA AR(1) AR(20)

2028Q1 1,444,141 1,097,988 1,459,068 1,102,630 939,534 1,110,928
2028Q2 1,462,484 1,107,862 1,480,598 1,117,673 950,221 1,128,060
2028Q3 1,483,687 1,119,714 1,503,627 1,133,929 961,946 1,144,919
2028Q4 1,503,083 1,128,815 1,524,299 1,149,803 971,957 1,161,090
2029Q1 1,521,148 1,137,001 1,544,480 1,163,369 979,686 1,174,553
2029Q2 1,545,758 1,147,287 1,572,678 1,181,283 990,865 1,194,720
2029Q3 1,572,689 1,159,614 1,606,490 1,199,862 1,003,123 1,216,369
2029Q4 1,596,568 1,169,086 1,640,703 1,217,315 1,013,591 1,238,525

Notes: the prices are forecasted based on various statistical assumptions of exogenous variables in the error
correction model (ECM). Prices are in nominal terms.

For both houses and units, the best-predicted price pattern was conditional on a high
order serial correlation in the underlying variable assumptions such as an AR(20) process,
while the worst predicted price path was found if the underlying economic variables follow
a low order serial correlation such as an AR(1) process. The results from the ARIMA
variable assumptions were in between. Figure 2 shows the future price movements based
on different underlying variable assumptions.

It shows that housing prices are more likely to follow a high-growth scenario, as
indicated by the ARIMA underlying variable assumptions; the market will bottom out in
2019–2020 and continue to grow in the future. Under this scenario, the median price will
reach AUD 1,596,568 for houses and AUD 1,217,315 for units in 2030, presenting an annual
compounding growth rate of 5%. This forecast is supported by the alternative variable
assumptions following an AR(20) process. Even in a low-growth scenario, as indicated in
the AR(1) variable assumptions, there will be no significant price decline in the foreseeable
future; rather, prices will mostly be flat or in a slow-growth mode with an average annual
growth rate of 2% in the next decade.

Figure 2. Cont.
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Figure 2. Forecasted Median Prices, 2019Q1–2029Q4.

5.4. Robustness Check
5.4.1. Unconditional Forecast

The forecasting performance of the developed ECM model depends on the forecasting
of underlying economic factors. This raises some concerns about the usefulness of the
proposed ECM model. Alternatively, we used the unconditional forecast of the standard
AR(1) process and ECM model without other economic factors to validate the results. The
advantage of using an AR(1) process for house price forecasting is that it is simple and
does not require any other variables in the modeling. As the standard ECM model only
depends on prices, rents, and interest rates, there is no need to forecast other economic
variables in this situation. Using the data from 2004 to 2013, we developed the standard
AR(1) and ECM models and placed them in 5-year out-of-sample testing between 2014 and
2018 for performance comparison. The results are presented in Appendix B.

Our results show that the forecasting performance of a standard ECM model without
underlying economic variables is less accurate than a standard AR(1) forecast, despite
the ECM model having a higher adjusted R-squared (0.78) than the AR(1) process (0.62)
in the model development period between 2004 and 2013. The findings were in line
with the forecasting literature, stating that models, which fit the historical data well, do
not necessarily perform better than others in forecasting. It is not surprising that our
proposed conditional ECM model is superior to the unconditional forecast models such
as the standard AR(1) and ECM models. Our findings stress the importance of including
other economic variables in the ECM model development and, thereafter, forecasting.

5.4.2. Forecasted Median Rents

Our proposed ECM model can also be used to predict future rents. To check the
validity of our price model, we further checked whether the predicted rents were in
line with market expectations. The predicted rental price movements are presented in
Appendix C. Our results show that the rental markets for both houses and units will
continue to creep up in the foreseeable future. For houses, median rents are forecasted to
increase from AUD 550 in 2019 to about AUD 760 per week in 2030. For units, the rental
prices are forecasted to increase from AUD 530 in 2019 to AUD 840 per week in 2030, all in
nominal prices. Our model shows a faster rental growth for units than houses. This could
be due to the demand shift in the housing market as owning becomes unfordable for many
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people, especially for young people who choose to rent rather than own. As a result, the
rental demands in the unit market grow at a faster pace than that of the housing market.

5.4.3. Forecasted Interest Rates

Interest rates (90-day bill rates) are a key variable in the proposed ECM forecasting
model. Similar to the rent, we checked what the “predicted” interest rates look like. The
predicted interest rate graph is included in Appendix D. Our model forecasts a continually
downward interest rate curve that falls to near zero in the future, and virtually there is
no difference between rates predicted in the house and unit markets. This forecast is in
line with the recent interest rate cuts and the forecast by the Reserve Bank of Australia
(RBA) that interest rates could stay low ‘for a long, long time’ [32]. Therefore, our model
is robust in relation to the interest rate check. Note that interest rates, rents, and house
prices are endogenously determined in the ECM model, which means that we can only
take robustness checks on their predicted values but cannot conduct stress tests related to
the increase or decrease in these variables in the future period.

6. Conclusions

Housing market dynamics have shifted from traditional consumption-motivated to
investment-driven in many developed countries, including Australia, over past decades.
Traditional reduced-form studies of housing market supply and demand are ad hoc without
firm guidance from theory and struggle to confront the challenges brought about by the
dramatically increasing importance of the housing market for both policymakers and
the public in their decision-making. Using sophisticated econometric tools available for
modern time-series analysis and forecasting, we explored the housing market dynamics
by placing the investment demand at the center guided by the present value investment
theory. We found that the principal variables in the housing market dynamics (long-run
relationship) are prices, rents, and interest rates. Meanwhile, other influencing variables,
such as bank mortgage lending, building construction costs, population growth, dwelling
supply, and net migration, affected the market in the short run via rent and interest rates.
We further demonstrated that the proposed investment model has a superior forecasting
performance compared to alternative models. The results showed that the Sydney housing
market is more likely to follow a high-growth scenario in the foreseeable future with an
average compounding growth rate of 5% per annum.

As the interest rate is a national variable set by the Reserve Bank of Australia (RBA), an
important policy implication from this research is if the State Government wants to stabilize
housing prices to confront housing affordability, rent control for residential properties is a
sensible way to do it. Alternative tools and policies could include increasing the building
supply, restricting migration, and putting in place various kinds of purchase restriction
controls. From the perspective of the Central Government, the most effective way to slow
the housing market is via macro-prudential tools such as placing a loan-to-value ratio
restriction on housing purchases.

Importantly, we need to point out that our forecast results are based on the time-
series data up to 2018. The model parameters could be changed when new information
is available. One advantage of our ECM forecast is that the model can be automated
for updates in an IT platform designed to manage house price forecasts. Of course, the
accuracy of our forecast depends on our understanding of the housing market dynamics
and econometric tools adopted in this study.
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Appendix A

Table A1. Error Correction Model Estimates for the Period between Q3 2004 and Q4 2013.

(1) (2)

House Price Changes Unit Price Changes

CointEq1 −0.084 *** −0.074 **
(0.025) (0.030)

D(LOG(SYD_HP_MEDIAN(-1))) 0.577 *** 0.674 ***
(0.090) (0.105)

D(LOG(SYD_RENT(-1))) 0.104 −0.016
(0.148) (0.057)

D(LOG(AUS_INT_90D(-1))) 0.039 −0.008
(0.033) (0.021)

Constant −0.003 0.000
(0.005) (0.004)

D(LOG(AUS_INT_10YRF)) −0.017 −0.015
(0.028) (0.019)

D(LOG(AUS_LEN_DF)) −0.006 −0.002
(0.043) (0.029)

D(LOG(AUS_CONF)) −0.143 −0.073
(0.3540) (0.278)

D(LOG(NSW_PPGF)) −0.006
(0.005)

D(LOG(SYD_SUP_DF)) 0.011 −0.000
(0.012) (0.009)

D(LOG(SYD_NOMF)) 0.072 0.076 **
(0.045) (0.033)

ECC_PCF 0.001 * 0.000
(0.000) (0.000)

Seasonal dummy Yes Yes

Adj. R-squared 0.827 0.806
Sum sq. resids 0.002 0.001
S.E. equation 0.010 0.007
F-statistic 14.650 11.954
Log likelihood 131.030 146.459
Akaike AIC −6.16 −6.919
Schwarz SC −5.556 −6.272
Mean dependent 0.008 0.009
S.D. dependent 0.023 0.015

The cointegration equation results
LOG(SYD_HP_MEDIAN_H(-1)) 1.000 1.000
LOG(SYD_RENT_H(-1)) −0.373 (0.202) * −0.550 (0.079) ***
LOG(AUS_INT_90D(-1)) 0.427 (0.102) *** 0.280 (0.042) ***
Constant −11.588 −10.113

Notes: Descriptions of the explanatory variables are provided in Table 1. Standard errors are shown in (). *, **,
and *** denote significance levels at the 10%, 5%, and 1% level, respectively.
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Appendix B

Table A2. Forecasting Performance by Alternative AR(1) and ECM Models.

Models obs. RMSE MAE MAPE Theil

Panel A: Houses
AR(1) 20 84,743 74,407 8.179 0.051
ECM without
economic variables 20 91,834 78,256 9.626 0.055

Panel B: Units
AR(1) 20 27,524 22,353 3.256 0.021
ECM without
economic variables 20 46,490 39,064 6.140 0.036

Note: We first developed a price model based on the standard AR(1) and ECM techniques using the available
data between 2004 and 2013; we then used the developed models to forecast future house and unit prices and
compare them to the actual prices. The AR(1) model depends only on the lagged value of prices, while the ECM
model depends only on the lagged value of prices, rents, and interest rates. No other economic variables are
included in the AR(1) or ECM modeling.

Appendix C

 

Figure A1. Forecasted Median Rents.

Appendix D

 

Figure A2. Forecasted Interest Rates.

88



Land 2021, 10, 1009

Notes

1 A time series process with a unit root (a random walk).
2 The statistical area of the Greater Sydney Area is maintained by the Australian Bureau of Statistics. For 35 LGAs and their

geographic locations and boundaries, please go to the Australian Bureau of Statistics website at: https://dbr.abs.gov.au/index.
html (accessed on 25 July 2021).

3 The authors went through a wide range of data collection in this study. As not all variables are available or statistically significant
in our model, we only report the key variables used in the ECM model, as shown in Table 1. Please contact the corresponding
author for a complete list of variables collected in this study.

4 Results of Johansen’s cointegration test are available on request from the corresponding author.
5 Results are available on request by contacting the corresponding author.
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Abstract: The construction of green and smart cities is an important approach to enhancing the level
of high-quality development and modern governance, in which infrastructure construction is the
antecedent condition. From the perspective of green total factor productivity (GTFP), this paper
adopts the SBM–GML (Slack-Based Model and Global Malmquist–Luenberger) index to measure the
urban green and smart development level (GSDL) considering smart input–output factors. Based on
the panel data of China’s 223 prefecture-level cities from 2005 to 2018, the dynamic impacts, temporal,
and spatial differences of energy, transportation, and telecommunication infrastructure construction
on the urban GSDL are discussed, and the threshold effects of urban scale are tested. The following
conclusions are drawn: (1) On the whole, energy infrastructure inhibits the urban GSDL, while trans-
portation and telecommunication infrastructures significantly promote it. There are distinct spatial
and temporal characteristics among the impacts of these three infrastructures on the urban GSDL,
in which the facilitating role of transportation and telecommunication infrastructures are further
enhanced during the period of 2013–2018. Furthermore, the impacts of these three infrastructures on
the urban GSDL all show “U” shape in terms of non-linearity. (2) Economic development level and
industrial structure have significant positive effects on the urban GSDL, whereas human capital only
has positive effect in the northeast and southwest regions, and government scale shows no positive
impact yet. (3) There is a single threshold for the impact of urban scale on these three infrastructures,
among which the impacts of energy and transportation infrastructures on the urban GSDL remain
consistent before and after the threshold, while the impact of telecommunication infrastructure on the
urban GSDL varies from having no significance to being positive when crossing the threshold. Thus,
capital investment for infrastructure construction should be further allocated reasonably, the positive
potential of human capital should be fully released, and the urban scale should be appropriately
controlled in the future.

Keywords: infrastructure construction; urban green and smart development level; urban scale;
threshold effect

1. Introduction

1.1. Motivation

Urbanization is an important driving force for economic growth [1], which is closely
related to capital and also has great impact on the environment [2]. It is shown that the
urbanization rate of China has exceeded 60% by the end of 2020 [3]. Although urbanization
has promoted industrialization and economic growth remarkably, it has also resulted in
serious deterioration of ecology, frequent extreme weather, and other problems, which
have been accumulated over the decades [4]. As such, the traditional extensive urban
development mode needs to be changed urgently. In this context, the construction of green
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and smart cities has been successively distributed in various prefecture-level cities with
national policies implemented in China [5,6]. The construction of green and smart cities
is based on the sustainable and low-carbon development and utilization of the internet,
cloud computing, artificial intelligence, and other smart technologies to improve the level
of urban production, social management, and public services [7] and eventually optimize
the industrial structure, extensively form green production and lifestyles, and promote the
urban economic development [8,9]. Faced with the development opportunities of urban
green and smart construction, China’s cities actively deploy infrastructure construction
related to energy, transportation, telecommunication to provide fundamental support
in enhancing low-carbon emission reduction, transportation structure, comprehensive
transportation network efficiency, and information resource sharing. As such, the urban
GSDL would be enhanced [10,11]. However, redundant infrastructure construction is
also accompanied by high energy consumption, and the adoption of infrastructures for
commodity trade and production will also generate new pollution [12], which will be a
bottleneck of the urban GSDL. Therefore, this paper explores the complex relationship
between infrastructure construction and the urban GSDL by taking China as an example.

1.2. Literature Review and Contribution
1.2.1. Measurement of the Urban GSDL

Urban development promotes capital accumulation, which in return improves urban
development by investing in infrastructure construction [13], such as Barcelona [14]. Fur-
thermore, industrial development and infrastructure construction respond to the needs of
capital expansion [14]. In this frame, the urban development modeled by capitalism has
brought some distortion development models, which bring about the result that the land
price becomes a determinant factor of the economic and political issues [15]. Continuous
capitalist pursuit of profit-seeking has led to new speculative real estate booms, such as
new office buildings and high-end residential buildings associated with infrastructure and
cultural and entertainment spaces [14,16], which are less related to public needs and urban
requirements [17]. As Mora and Camerin noted, urban regeneration and reconstruction
projects were carried out for rent demand to achieve the goal of capital accumulation [18],
which gradually damaged the architectural and urban development framework [3].

On the contrary, the construction of green and smart cities is not only an effective
approach to solve urban problems but also an important decision to realize sustainable
development [19,20]. Ding and Wang [21] and Du et al. [22] conducted a comprehen-
sive evaluation index from multidimensional perspectives to evaluate the urban GSDL.
Others analyzed the urban GSDL by combining PCA–GRA, entropy power, and cloud
model [23]. In addition, some literature adopted GTFP (green total factor productivity)
from the perspective of input–output efficiency to analyze the green productivity and
innovative efficiency of China’s provinces and cities [24,25], and the spatial and temporal
disparities between regions [26], which provided a new method for estimating the urban
GSDL. Existing research also showed that the quality and efficiency of urban development
were not only affected by the degree of green development but also related to urban smart
elements. Urban smart elements could also promote the efficiency of urban governance and
public services through technological innovation and facilitate resource utilization, thus
promoting the GTFP and empowering high-quality development [27,28]. Jiang et al. [7]
showed that the construction of smart cities provided vital support for urban green devel-
opment, which promoted the urban GTFP by accelerating technological innovation. Xia
and Xu [29] estimated GTFP with non-parametric methods and found that the GDP growth
rate was unrelated to the GTFP, while smart city construction could significantly facilitate
the green utilization efficiency of urban land [30]. These conclusions suggest that green and
smart factors should be considered when we estimate the quality of urban development.
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1.2.2. Relationship between Infrastructure Construction and the Urban GSDL

Infrastructure construction is considered as a prerequisite for urban economy, and the
development of urban economy also accelerates infrastructure construction. Historically,
urban planning and development has been deeply rooted in the process of infrastructure
construction, which provides ontological foundations and operation space for cities [31].
However, infrastructure construction, which was the main way of urban regeneration for
capitalist cities in the past, often ignored public needs during the process [16,17]. Since
the contradiction between environmental and economic development are becoming more
and more prominent, a multi-agent participation mode of social capital was adopted in
infrastructure construction under the regulation of government; thus, the public welfare
and service nature of infrastructure construction was achieved [32].

Literature focuses more on the relationship between infrastructure construction and
urban renewal, including the impacts of infrastructure construction on the urban green
development or smart development, while green and smart elements are barely taken
as a unity to explore their relationship. Scholars mainly expounded the relationship
between infrastructure construction and green development or smart development from
the following two aspects.

On the one hand, from the perspective of the driving force for urban development,
infrastructure construction is the hardware foundation to accelerate the marketability of
resources and elements, which is of benefit to integrating innovators [6], accelerating eco-
nomic growth [33], and enhancing the resource allocation efficiency [34]. Wei and Chen [35]
noted that the transportation infrastructure played an important role in the construction of
energy-saving and low-carbon cities, which was closely related to the construction of green
and smart development cities [36]. Other research showed that infrastructure construction
made the largest contribution to GTFP when compared with the scheme, technology, and
other factors [37,38], which had a more significant effect in relatively backward areas [39].
Furthermore, infrastructure construction could not only directly affect the economy and
environment but also indirectly affect the urban smart development, living quality, and
low-carbon development through technological innovation [40], international trade [41],
industrial, and talents agglomeration [42,43]. For example, transportation infrastructure
could reduce trade costs and improve the access to the market, which strengthened the
driving force of technological innovation and productivity improvement through resource
importation and regional spillover effect [44,45], among which economic agglomeration
and market accessibility played a mediating role [46]. Additionally, the telecommunica-
tion development was conducive to breaking regional market restrictions and reducing
coordination costs of enterprises, which was crucial to regional integrated market con-
struction and beneficial to improving production efficiency through scale and intensive
economy [47]. Fully equipped telecommunication infrastructure could accelerate the evo-
lution of production structure through talent gathering and optimization of resources, thus
improving the scale and network effect of economic development and urban productiv-
ity level [48]. Moreover, due to the marketability of production elements, infrastructure
construction may also promote or inhibit the development of adjacent areas [49]. For
example, the transportation infrastructure would enhance urban accessibility and promote
the agglomeration of innovation elements, strengthen knowledge and technology spillover
effect, and, accordingly, the innovation structure among regions could be influenced [50,51].
Meanwhile, developed telecommunication infrastructure would facilitate technological
innovation and knowledge-based economy, thus forming spatial preference and agglomer-
ation characteristics by influencing the prospect of adjacent areas through spatial spillover
effect [52,53].

On the other hand, infrastructure construction requires a large input of energy and
other resources, which will cause consumption and pollution. Moreover, excessive infras-
tructure construction will also destroy environmental carrying capacity, which is harmful
to the sustainable development of the economy and society; therefore, the urban GSDL will
be restricted. Wang [54] adopted the GML index and threshold regression model to find
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that traditional energy consumption would have a negative impact on GTFP with both
too much and too low degree, which depended on whether the technology level of energy
transformation could meet the production requirements or not [55]. Kong et al. [56] also
found that the negative effect of energy infrastructure construction on the environment
was more prominent, and the large-scale production caused by the elements aggregation
was prone to result in resource monopoly, which resulted in the resource allocation dis-
tortion and inefficient utilization, and then vertically deepened the negative externality of
energy. Besides, by reducing logistics costs and promoting the marketability of elements,
transportation infrastructure also accelerated the flow of resources to big cities, resulting in
a “siphon effect” and deepening the degree of regional differentiation [57]. Furthermore,
the research even demonstrated such phenomena as “short-term effects” were superior to
“long-term effects” [58]. Sun et al. [59] noted that urban and rail transportation showed
positive effects on reducing air pollution, while the construction of rail transportation had a
negative short-term impact on air quality. In addition, the effect of infrastructure construc-
tion on GSDL would also be restricted by other factors, such as economic development
level, industrial structure, energy structure, and resource endowment [60]. Particularly,
the internal difference such as urban scale could also influence urban construction [61].
Jain and Tiwari [62] showed that improving bus and bicycle infrastructures could mini-
mize equivalent CO2 emissions, while different strategies should be taken based on the
urban scale.

In conclusion, the GTFP is an important criterion to evaluate the quality of economic
development. The existing research has provided many important ideas and research
methods, while green and smart elements are barely integrated into a unified analytical-
framework to measure the urban GSDL from the perspective of total factor productivity
(TFP), which could not reflect the two-wheel driving force of green and smart for urban
sustainable development. Research has paid more attention to the influence of infrastruc-
ture construction on regional innovation, economic development, TFP, and GTFP, while
few focused on the heterogeneous effects of infrastructure construction on the urban GSDL
from the perspective of their linear and nonlinear relationships. Furthermore, the threshold
effect of urban characteristics also needs to be deepened. Therefore, based on the panel
data of 223 prefecture-level cities from 2005 to 2018, this paper firstly adopts SBM–GML
index to evaluate the urban GSDL by considering the green and smart factors based on the
GTFP accounting framework. Secondly, the linear and nonlinear effects of infrastructure
construction on the urban GSDL are analyzed. Thirdly, heterogeneous effects of infrastruc-
ture construction on urban GSDL are explored from regional and temporal perspectives.
Finally, the threshold effects of urban scale are explained.

2. Materials and Methods

2.1. Measure of GSDL
2.1.1. Measure Model Construction

The SBM model is an improved DEA (data envelopment analysis) model, which is
developed to evaluate the efficiency of decision units with multiple input and output
indicators and eliminate the estimation bias caused by the difference in radial and angle se-
lection. Combined with the GML index, the SBM model could better describe the variation
of productivity [63]. The form of non-angular and non-radial SBM model containing the
unexpected output is as follows (Formula (1)):

minρ =
1− 1

m

m
∑

i=1
s−i /xi0

1+ 1
s1+s2

(
s1
∑

i=1
sg

r /yg
r0+

s2
∑

i=1
sb

r /zg
r0)

s.t. Xλ + s−i = xk, Ygλ − sg
r = yg

0, Zbλ + sb
r = zb

0
λ, s−i , sg

r , sb
r ≥ 0

(1)
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In Formula (1), ρ is the ratio of actual input–output relative to the average narrowing
and expansion of technological frontier; m, s1, s2 denote the quantity of input, expected and
unexpected output respectively, and s−, sg, sb are the corresponding relaxation variables.

The GML index from t to t + 1 is defined, and the specific Formula (2) is as follows:

GML t,t+1(xt, yt, bt, xt+1, yt+1, bt+1) = 1+DG(xt ,yt ,bt)
1+DG(xt+1,yt+1,bt+1)

× 1+Dt(xt ,yt ,bt)
1+Dt+1(xt+1,yt+1,bt+1)

× 1+DG(xt ,yt ,bt)
1+Dt(xt ,yt ,bt)

× 1+Dt+1(xt+1,yt+1,bt+1)
1+DG(xt+1,yt+1,bt+1)

(2)

In Formula (2), GMLt,t+1 represents the GSDL variations of units in period t to t +1.
When GMLt,t+1 > 1, it indicates that GSDL has been improved in the current period when
compared with that in previous period. The calculation Formula (3) is as follows:

GSDL2006 = GSDL2005 ∗ GML2006 (3)

2.1.2. Indicators of GSDL Measurement

According to Du et al. [22] and Lu et al. [64], this paper adopts the SBM–GML index
to measure the urban GSDL with the following indicators. The input indicators include
the fixed capital stock, labor, energy, and the fiscal expenditure of science, technology,
and education. The output indicators are comprised of four aspects including economic,
green, smart, and undesired environmental elements, among which regional GDP indicates
economic output, international internet users and patent application quantity indicate
smart output, the harmless disposal rate of domes-tic garbage, sewage treatment rate and
greenery coverage of urban area indicate green output, discharge of industrial wastewater,
industrial smoke, and dust emissions and SO2 emissions indicate undesired environmental
output. The specific indicators are shown in Table 1:

Table 1. Indicators of GSDL.

Indicator Variable Unit Computation Method

Input indicators

Fixed capital stock 100 million yuan Perpetual inventory method
Labor 10 thousand people The number of urban employees at the end of year

Electricity consumption 10 thousand kilowatts Total electricity consumption
Education and technology expenditure 10 thousand yuan Financial expenditure on science, technology, and education

Output indicators

Regional GDP 100 million yuan Regional GDP of the year
International internet users 10 thousand people The number of urban international Internet users
Patent application quantity Part The number of urban patent application

Harmless disposal rate of domestic garbage % Percentage of the disposal of harmless garbage
Sewage treatment rate % Percentage of sewage disposed

Greenery coverage of urban area % Greening coverage rate in built-up areas of the city
Discharge of industrial wastewater 10 thousand tons Industrial wastewater discharge volume of the city

Industrial smoke and dust emissions Tons Industrial smoke and dust emissions’ volume of the city
Industrial SO2 emissions Tons Industrial SO2 emissions’ volume of the city

In addition, the capital stock is measured by the perpetual inventory method according
to Zhang et al. [65]. Regional GDP is represented by the real GDP, which takes 2003 as the
base period. The entropy value method with the time variable is adopted to calculate the
expected pro-environmental output and unexpected pollution output.

2.2. Construction of Empirical Model

The construction of energy, transportation, and telecommunication infrastructure
has different functions and adoptions, which may result in differentiated impacts on the
urban GSDL. Therefore, this paper first tests the linear and nonlinear effects of energy,
transportation, and telecommunication infrastructure construction on the urban GSDL.
Then, the regional and temporal heterogeneity effects of infrastructures are further analyzed.
Finally, the threshold characteristics of urban scale are explored.
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2.2.1. Panel Regression Model

According to the research objectives, the static dynamic panel regression model is first
constructed as follow (Formula (4)):

GSDLit = β0 +
3

∑
n=1

αnin fnt +
4

∑
i=1

λiControlit + εit (4)

In Formula (4), inf n (n = 1, 2, 3) represents the infrastructure construction of energy,
transportation, and telecommunication, respectively. Controlit denotes economic develop-
ment level, industrial structure, human capital level, and government size, respectively.
The sum of αn and β1 are indicated as the regression coefficient, and εit is the random error.
Based on Formula (4), the first-order lag term of the explained variable is added to explore
the long-term influence between the explanatory variable and the explained variable, and
the dynamic panel regression model is obtained as follow (Formula (5)):

GSDLit = β0 + β1GSDLt−1 +
3

∑
n=1

αnin fnt +
4

∑
i=1

λiControlit + εit (5)

In Formula (5), GSDLt−1 is the first-order lag term of the explained variable (L.GSDLt).
In order to explore the nonlinear influence relationship between the core explanatory
variable and the explained variable, the square term of the explanatory variable is intro-
duced to Formula (5) to construct a nonlinear panel regression model which is as follow
(Formula (6)):

GSDLit = β0 + β1GSDLt−1 +
3

∑
n=1

αnin fnt +
3

∑
n=1

αnin f 2
nt +

4

∑
i=1

λiControlit + εit (6)

In Formula (6), infn2 (n = 1, 2, 3) represents the square term of energy, transportation,
and telecommunication infrastructure construction, respectively.

2.2.2. Threshold Regression Model

Previously, the dynamic panel regression model is constructed to test the influence
of core explanatory variables and control variables on the urban GSDL. However, it is
unable to describe the structural breakpoint of urban scale. Thus, this paper further
explores the threshold effect of urban scale by adopting threshold regression model, which
is constructed according to Hansen’s panel data regression theory as follow (Formula (7)):

GSDLit = ui + β1Xit · 1(qit ≤ λ) + β2Xit · 1(qit > λ) + εit (7)

In Formula (7), GSDL denotes the urban GSDL, Xit is the explanatory variable, qit is
the threshold variable, γ is the threshold value to be estimated, and εit is the random
disturbance term. On this basis, a double threshold regression model is constructed as
follow (Formula (8)):

GSDLit = ui + β1Xit · 1(qit ≤ γ1)+β2Xit · 1(γ1 < qit ≤ γ2)+β3Xit · 1(qit > γ2) (8)

In Formula (8), the threshold value meets the requirement of γ1 < γ2.

2.3. Variable Description

Explained variable: The urban GSDL, which is calculated by SBM–GML.
Explanatory variables: Referring to Yeaple and Golub [66], infrastructures are com-

prised of energy, transportation, and telecommunication. In this paper, energy infrastruc-
ture (lnENER) is measured by the total amount of gas supply, transportation infrastructure
(lnTRANS) is expressed by the length of urban highway, and telecommunication infras-
tructure (lnTELE) is represented by telecommunications revenue.
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Threshold variables: Urban scale is the embodiment of regional economic devel-
opment, which would aggregate resource elements and influence resource utilization
efficiency [67]. As such, it is supposed to restrict the impact of infrastructure construction
on the urban GSDL. The urban total population at the end of the year is applied to represent
the urban scale.

Other control variables: Based on the existing research, this paper adopts economic
development level (lnPGDP), industrial structure (STR), human capital level (HC), and
government size (GOVER) to control the influence of external factors on the urban GSDL.
Specifically, cities with high economic development levels will have greater support for
technological innovation and more investment for pro-environmental issues and infras-
tructure construction. As consequence, the urban GSDL would be enhanced. Furthermore,
industrial emissions are the main source of pollution, which directly restrict urban green
development; therefore, it is necessary to enhance the urban GSDL by innovation and
upgrading the industrial structure [68]. Then, the proportion of the tertiary industry is
adopted to evaluate the influence of infrastructure construction on the urban GSDL. Addi-
tionally, due to the optimization of human capital elements is conducive to accelerating
innovation and technology accumulation [69], this paper adopts the number of college
students to represent human capital level. Furthermore, the government scale is measured
by the ratio of government fiscal expenditure to GDP.

2.4. Data Source

The data of many urban patent applications before 2005 are missing and their caliber
is not consistent; as well, the data in 2019 was incomplete. This paper selected samples
from 2005 to 2018 to ensure the credibility of the research. Considering the integrity and
continuity of panel data, the samples of cities with more missing data were excluded, and
then 223 cities were selected as research samples, among which some missing data were
supplemented by the linear interpolation method. As such, the panel data of 223 cities in
China from 2005 to 2018 are obtained. The data of variables are mainly from “China Urban
Statistics Yearbook”, “Statistical Yearbook”, and” Science and Technology Yearbooks” from
2006 to 2019 and “Statistical Bulletin” from 2005 to 2018 of provinces and cities.

3. Results

3.1. Linear Regression Analysis

Before the regression analysis, the variance inflation factor test is carried out to avoid
estimation bias caused by collinearity. According to the literature, if the VIF of the test is
much less than 10, it indicates that there is no colinear problem among variables. In order to
overcome the influence of extreme data, all data are truncated by 1% before and after. The
regression results are shown in Table 2, where column (1) represents the regression without
the control variables, and column (2) to (5) represents the results after the step-by-step
addition of control variables, respectively.

According to the results in Table 2, the first-order lag term of the urban GSDL is
significantly positive at the 1% level, even adding the control variables, which indicates
that the urban GSDL varies dynamically and continuously with self-strengthening and
path-dependence effects. While the effect of lnENER on the urban GSDL has fluctuated
from positive to negative. The reason is that the traditional energy consumption is still
dominant, which would restrict the urban GSDL, even though China’s energy consumption
structure has been optimized in recent years. The results also show that the positive effect
of lnTRANS on the urban GSDL is continuously strengthened and significant at the 1%
level, as well as the positive effect of lnTELE is significantly positive at the 5% level. This is
mainly due to the role of traffic infrastructure in improving the flow velocity of elements
and resources shared among regions. Telecommunication infrastructure can facilitate
resource integration and technological innovation, which will inject the power source for
urban development.
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Table 2. Dynamic linear regression.

(1) (2) (3) (4) (5)

Urban
GSDL

Urban
GSDL

Urban
GSDL

Urban
GSDL

Urban
GSDL

L.GSDL 0.6251 ***
(0.0149)

0.5861 ***
(0.0149)

0.5571 ***
(0.0155)

0.5561 ***
(0.0155)

0.5557 ***
(0.0155)

lnENER 0.0533 ***
(0.0178)

−0.0693 ***
(0.0201)

−0.0830 ***
(0.0201)

−0.0832 ***
(0.0201)

−0.0838 ***
(0.0201)

lnTRANS 0.1088 ***
(0.0466)

0.1604 ***
(0.0199)

0.1604 ***
(0.0495)

0.1663 ***
(0.0496)

0.1655 ***
(0.0496)

lnTELE 0.0783 ***
(0.0145)

0.0232 **
(0.0148)

0.0233 **
(0.0147)

0.0229 ***
(0.0147)

0.0219 **
(0.0147)

lnPGDP 0.2409 ***
(0.0200)

0.2331 ***
(0.0199)

0.2233 ***
(0.0206)

0.2191 ***
(0.0211)

STR 0.1397 ***
(0.0227)

0.1350 ***
(0.0228)

0.1345 ***
(0.0228)

HC 0.0021 *
(0.0012)

0.0022 *
(0.0012)

GOVER 0. 0719
(0.0738)

CONS −5.0399 ***
(0.3568)

−2.9332 ***
(0.3892)

−2.7627 ***
(0.3875)

−2.7434 ***
(0.3875)

−2.6855 ***
(0.3920)

Note: The values in parentheses are standard deviations. *, **, *** indicate significance at 10%, 5%, and 1%
levels, respectively.

From the view of control variables, the lnPGDP and STR can strongly promote the
urban GSDL at the level of 1%. This indicates that China’s policy of developing economy
and adjusting the urban industrial structure is valid, which has effectively ensured the
growth of urban GSDL. However, the effect of HC on the urban GSDL is only significant at
the level of 10%, which shows limited influence and is not consistent with the expectation.
This may be because the human capital level may be inconsistent with the urban GSDL, such
as the contradiction between the structure and low equilibrium of talents possibly leading
to the dilemma of “excessive competition” or “curse of talents” [70]. Moreover, the impact
of GOVER on the urban GSDL is insignificant, indicating that the urban GSDL would be
increased by optimizing the structure and utilization efficiency of fiscal expenditure rather
than by simply expanding fiscal expenditure.

3.2. Nonlinear Regression Analysis

Based on the linear regression tested above, the explanatory variables of energy,
transportation, and telecommunication infrastructures’ square term are further adopted
into the dynamic regression equation to test the nonlinear impact of infrastructures on the
urban GSDL. The results are shown in Table 3.

Columns (1) to (3) represent the nonlinear relationship of energy, transportation, and
telecommunication infrastructure construction with urban GSDL, respectively. Table 3
shows that the coefficients of lnENER2, lnTRANS2, and lnTELE2 are all positive sig-
nificantly at the 1% level, which indicates that the long-term impact of infrastructure
construction on the urban GSDL has a U-shaped nonlinear effect with the trend of first in-
hibiting and then promoting. The reason for this is that infrastructure construction requires
long-term, large invest and resource consumption, which is usually at a low level in the
early stage and then reaches the inflection point after a large amount of resource input to
achieve scale effect and agglomeration effect. With the improvement of infrastructure con-
struction, network connection among regions, energy utilization, and transport efficiency,
communication sharing would be enhanced, and the cost of industrial structure transfor-
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mation and economic model transformation would be reduced. Eventually, innovation
and productivity will be increased, and the urban GSDL will be promoted accordingly.

Table 3. Nonlinear regression.

(1) (2) (3)

Urban GSDL Urban GSDL Urban GSDL

L.GSDL 0.5709 ***
(0.0150)

0.5540 ***
(0.0163)

0.5553 ***
(0.0155)

lnENER −1.6591 ***
(0.1882)

lnENER2 0.0589 ***
(0.0072)

lnTRANS −1.3411 ***
(0.3899)

lnTRANS2 0.0649 ***
(0.0220)

lnTELE −0.4372 **
(0.1893)

lnTELE2 0.0184 **
(0.0076)

lnPGDP 0.3601 ***
(0.0207)

0.3147 ***
(0.0203)

0.2556 ***
(0.0181)

STR 0.3722 ***
(0.0259)

0.3789 ***
(0.0257)

0.3849 ***
(0.0261)

HC 0.0003
(0.0013)

0.0029 **
(0.0013)

0.0020
(0.0013)

GOVER 0.1335
(0.0873)

0.1007
(0.0881)

0.0875
(0.0889)

CONS 8.4869 ***
(1.1943)

4.1780 **
(1.7588)

0.5696
(1.1481)

Note: The values in parentheses are standard deviations. **, *** indicate significance at 5% and 1% levels, respectively.

3.3. Heterogeneity Regression Analysis
3.3.1. Regional Heterogeneity Analysis

Due to the differences in developing speed and quality, the impacts of infrastructure
construction on different regions of urban GSDL are heterogeneous. Therefore, this paper
refers to the existing classification criteria and divides research samples into six regions to
explore the regional differences. The specific results are shown in Table 4.

As shown in Table 4, the relationship between the first-order lag GDSL and the urban
GSDL is significantly positive at the 1% level in all regions, which indicates that the urban
GSDL variations are consistent in time and path-dependent among regions. The lnENER
has no significant effect on the urban GSDL in central, southern, and southwest China
while showing obvious inhibitory effects in other regions. The possible reason is that
the resource curse phenomenon brought by the resource-based cities are mostly in north
China, the large proportion of manufacturing industry in the northeast of China, and
the imbalance of energy supply and demand caused by “light abandonment” and “wind
abandonment” are mainly in the western region. All these problems exert a negative
impact on the improvement of urban GSDL. The lnTRANS significantly improves urban
GSDL in east, southwest, and northwest China at the 1% level. By contrast, the lnTELE
only promotes urban GSDL in east, central, and southern China at the 5% level. This is
mainly because the east and center of China are highly developed regions in China, such
as Shanghai, Hangzhou, and Shenzhen, which have comparatively advanced technologies,
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a high level of innovation, and the strong radiation capacity to form strong motivation for
the development of urban GSDL.

Table 4. Regional heterogeneity regression.

North China Northeast China East China Central South Southwest China Northwest China

Urban GSDL Urban GSDL Urban GSDL Urban GSDL Urban GSDL Urban GSDL

L.GSDL 0.5385 ***
(0.0485)

0.5081 ***
(0.0536)

0.5255 ***
(0.0288)

0.5628 ***
(0.0296)

0.5153 ***
(0.0511)

0.5952 ***
(0.0553)

lnENER −0.1223 *
(0.0656)

−0.3265 ***
(0.0814)

−0.0877 **
(0.0431)

0.0119
(0.0370)

−0.1007
(0.0634)

−0.1085 **
(0.0468)

lnTRANS 0.1929
(0.2006)

0.1247
(0.2193)

0.2212 ***
(0.0768)

0.0878
(0.1026)

0.3315 ***
(0.1265)

0.3249 ***
(0.1552)

lnTELE −0.0018
(0.0623)

0.0487
(0.0589)

0.0331 **
(0.0278)

0.0192 **
(0.0221)

0.0604
(0.0447)

0.0605
(0.0481)

lnPGDP 0.2679 ***
(0.0900)

0.2350 ***
(0.0797)

0.1883 **
(0.0404)

0.1893 ***
(0.0370)

0.1090 ***
(0.0353)

0.1100 *
(0.0654)

STR −0.0003
(0.0023)

0.2590 ***
(0.0773)

0.2475 ***
(0.0588)

0.0598
(0.0451)

0.2112 ***
(0.1063)

0.1721 **
(0.0767)

HC −0.0009
(0.0036)

0.0180 **
(0.0070)

0.0022
(0.0025)

0.0038
(0.0021)

0.0119 ***
(0.0046)

−0.0004
(0.0024)

GOVER 0.2828
(0.8695)

0.3113
(0.6601)

0.1394
(0.0610)

0.1046
(0.2405)

−0.2219
(0.1697)

0.2303
(0.4910)

Note: The values in parentheses are standard deviations. *, **, *** indicate significance at 10%, 5%, and 1% levels, respectively.

The influence of control variables demonstrates regional differences, as well. The
lnPGDP always plays a significant role in promoting the urban GSDL, indicating that the
current green economic development mode and smart city construction could promote
the improvement of the ecological environment and urban operation efficiency in China.
Overall, the coefficients and significance of STR are in line with expectations, which
dramatically promote the urban GSDL, indicating that the function of industrial structure
adjustment in China is confirmed. The impact of HC on the urban GSDL only passes the
test at the 5% significance level in the northeast and southwest China. According to the
estimated coefficients, the urban GSDL will increase by 1.8% and 1.2% when HC increases
by 1% in northeast and southwest China, respectively. It could be attributed that adjacent
regions’ human capital encourages technological innovation, which requires more energy
input, resulting in more pollution emissions. The “rebound effect” induced by technology
offsets the improvement effect of human capital on the urban GSDL [71]. Additionally, the
role of GOVER is not significant, which may be related to the structure of fiscal expenditure.
The excessive government intervention is not conducive to guiding market elements flow
to the productive departments, consequently hindering the innovation of urban green
production technology and the construction of smart infrastructure.

3.3.2. Period Heterogeneity Analysis

The construction of low-carbon cities and smart cities launched in 2010 and 2012,
respectively, which intensified infrastructure construction consisting of energy, transporta-
tion, and telecommunication. Therefore, this paper takes 2012 as the time demarcation
point to study the different impacts of infrastructure construction during 2005–2012 and
2013–2018. Specific results are shown in Table 5.

According to the regression results in Table 5, the lnENER significantly inhibits urban
GSDL at the level of 1%, while the impact of lnTRANS and lnTELE on the urban GSDL is not
significant from 2005 to 2012. In contrast, the negative impact of lnENER on urban GSDL
is greatly reduced, while the positive impacts of lnTRANS and lnTELE are dramatically
enhanced from 2013 to 2018. Furthermore, the lnTRANS and lnTELE increase by 1%, and
the urban GSDL would be enhanced by 26.19% and 6.02%, respectively. The possible
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reason for this is that the economic crisis in 2008 brought a series of sequelae to China.
In order to stimulate economic vitality, the 4 trillion Yuan expansion plan “Ten Major
Industrial Revitalization Plan” was launched, which might result in the imbalance of
China’s economic structure [72]. Therefore, the effective role of infrastructure in promoting
capital, trade, and marginal productivity in this period was limited, and the efficiency of
the scale economy was low. Afterward, the low carbon cities and smart cities construction
policies were launched successively in 2010 and 2012, which further strengthened the
construction of green development and enhanced the technical level and investment
efficiency. As such, the innovation compensation and scale economy effect of infrastructure
construction on urban development were well enhanced, and the allocation efficiency of
resource elements was effectively consolidated, which all promoted the development of
urban GSDL.

Table 5. Time heterogeneity regression results.

Time
2005–2012

Urban GSDL
2013–2018

Urban GSDL

L.GSDL 0.3281 ***
(0.0242)

0.3845 ***
(0.0276)

lnENER −0.1152 ***
(0.0340)

−0.0590
(0.0375)

lnTRANS 0.0935
(0.0681)

0.2619 **
(0.1104)

lnTELE 0.0011
(0.0188)

0.0602 **
(0.0275)

lnPGDP 0.0946 **
(0.0371)

0.1867 ***
(0.0392)

STR 0.1080
(0.0728)

0.1485 ***
(0.0313)

HC 0.0066 ***
(0.0021)

0.0042 *
(0.0026)

GOVER 0.1776
(0.1453)

−0.0811
(0.1190)

CONS −0.0023
(0.5975)

−3.8485 ***
(1.1300)

Note: The values in parentheses are standard deviations. *, **, *** indicate significance at 10%, 5%, and 1%
levels, respectively.

3.4. Threshold Regression Analysis

The threshold test can not only explore the relationship among variables but also
depict breakpoint of the relationship. China has huge developing differences among
regions, and this urban scale is adopted for further analysis of threshold effect on the urban
GSDL, which can reflect urban characteristics to some extent. The threshold regression
results are shown in Table 6.

According to the results in Table 6, the p values of the single threshold are all less
than 0.1, while the p values of the double threshold are all more than 0.1, indicating that
only the single threshold effect is significant. Furthermore, the lnENER and lnTRANS
show a significantly negative impact on the urban GSDL both before and after crossing the
threshold, while their inhibitory effect weakens after crossing the threshold. This may be
due to the expansion of the urban scale, which is usually accompanied by the increase in
energy consumption and waste discharge. When the urban scale is smaller than 588, the
urban GSDL will decrease by 19.40% if the lnTRANS increases by 1%. While the urban scale
is beyond 588, the inhibitory effect of lnTRANS on the urban GSDL would be weakened
even still significant. When the urban scale is smaller than 588, the impact of lnTELE on
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the urban GSDL is not significant; however, the urban GSDL will increase by 5.04% for
every 1% increase of lnTELE when the urban scale is greater than 588. This is because
large cities are more likely to form low-lying areas where resource elements are prone to
be gathered; thus, more employment opportunities would be generated, the matching
efficiency of information resources under the digital economy would be improved, and,
finally, the urban GSDL would be promoted.

Table 6. Threshold effect test.

Single Threshold Double Threshold

Urban GSDL Urban GSDL Urban GSDL Urban GSDL Urban GSDL Urban GSDL

H0 No threshold Has single threshold
H1 Has single threshold Has double threshold

Threshold
value 588 588 588 198.43

588
198.43

588
198.43

588

F statistics 137.21 *** 136.84 *** 136.69 *** 125.44 *** 125.17 *** 124.01 ***

p value 0.023 0.026 0.036 0.2740 0.2870 0.3800

Th−0 −1.1414 ***
(0.0235)

−0.1940 ***
(0.0343)

0.0238
(0.0176)

−0.1697 ***
(0.0242)

−0.2584 ***
(0.0367)

−0.0143
(0.0120)

Th−1 −0.1162 ***
(0.0235)

−0.1194 ***
(0.0232)

0.049 ***
(0.0178)

−0.1375 ***
(0.0234)

−0.2018 ***
(0.0342)

0.0249
(0.0176)

Th−2 −0.1131 ***
(0.0234)

−0.1678 ***
(0.0343)

0.0504 ***
(0.0178)

Conclusion reject reject reject accept accept accept

lnENER −0.1361 ***
(0.0235)

−0.1360 ***
(0.0235)

−0.1378 ***
(0.0234)

−0.1364 ***
(0.0234)

lnTRANS −0.1852 ***
(0.0342)

−0.1851 ***
(0.0342)

−0.2015 ***
(0.0343)

−0.2113 ***
(0.0347)

lnTELE 0.0299 *
(0.0176)

0.0296 *
(0.0176)

0.0250
(0.0175)

0.0249
(0.0175)

lnPGDP 0.3783 ***
(0.0241)

0.3800 ***
(0.0241)

0.3794 ***
(0.0241)

0.3858 ***
(0.0241)

0.3873 ***
(0.0241)

0.3857 ***
(0.0241)

STR 0.3927 ***
(0.0257)

0.3929 ***
(0.0257)

0.3928 ***
(0.0257)

0.3880 ***
(0.0256)

0.3886 ***
(0.0256)

0.3877 ***
(0.0256)

HC 0.0026 **
(0.0013)

0.0026 **
(0.0013)

0.0026 **
(0.0013)

0.0026 **
(0.0013)

0.0025 *
(0.0013)

0.0030 **
(0.0013)

GOVER 0.1120
(0.0875)

0.1107
(0.0875)

0.1125
(0.0875)

0.1116
(0.0871)

0.1102
(0.0872)

0.1168
(0.0873)

Note: The values in parentheses are standard deviations. *, **, *** indicate significance at 10%, 5%, and 1% levels, respectively.

4. Discussion

Against the background of green and smart city construction in China, it is urgent
for cities to seize the opportunity and break through the shackles of the black economic
development model to enhance their urban GSDL and social governance quality. Therefore,
cities actively deploy energy, transportation, telecommunication, and other infrastructure
construction to provide circulation conditions and sharing platforms for the urban GSDL.
Based on this background, this paper develops the GTFP by adopting smart input–output
factors to evaluate the urban GSDL of 223 samples in China from 2005 to 2018 and explores
the linear and nonlinear effects of energy, transportation, and telecommunication infrastruc-
ture construction on the urban GSDL. The heterogeneous effects of spatial and temporal
are also analyzed, and the threshold characteristics are identified from the perspective of
urban scale.
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Firstly, in the part of empirical analysis, this paper considers the linear and nonlinear
relationships of infrastructures and adds the first-order lag term of explained variable
and the square term of explanatory variables to make the research results more consistent
with reality. The results show that the lnENER inhibits the urban GSDL in general, due
to the incomplete transformation of energy consumption structure and the insufficient
ability of energy industry technology [59]. The lnTRANS and lnTELE have significantly
positive effect on the urban GSDL, which is attributed to the improvement of elements
circulation and expansion of resource sharing brought by transportation infrastructure
construction, as well as the technical innovation and information sharing promoted by
telecommunication [73]. Secondly, this paper verifies the heterogeneous effects of infras-
tructure construction on the urban GSDL from spatial and temporal characteristics, which
could further the existing research and provide policy reference for the urban govern-
ment. Additionally, as the outbreak of COVID−19 becomes the biggest challenge of this
century by far, a safer and disaster-resilient public transport is required, which can also
meet the needs of private vehicle-owning individuals after the unprecedented disease [74].
In light of the background and these requirements, infrastructures are supposed to be
constructed appropriately advanced. Thirdly, the threshold regression effect provides a
new perspective for the government to take urban scale and other urban characteristics
into consideration during the construction of green and smart cities. Urbanization has
accelerated the movement of people to cities, with nearly half the world’s population now
living in urban settlements. However, rapid urban growth is mostly accompanied by envi-
ronmental degradation and traffic congestion, which outstrip urban service capacity [75].
Thus, the urban scale should be reasonably controlled to maximize the positive effect of
infrastructure construction.

In the future, how to effectively solve the endogenous problem of the empirical model
and the appropriate instrumental variables need to be further deepened. Additionally, the
influence mechanism of the spatial spillover effect is also conducive to further expanding
the depth of research. Finally, it is also meaningful to consider the long-term impact of
civilian infrastructure on urban development, such as medical care, culture, and education.

5. Conclusions

Based on the above elaboration, this paper evaluated the urban GSDL of 223 cities in
China from 2005 to 2018. Then, the dynamic impacts and temporal and spatial differences
of energy, transportation, and telecommunication infrastructure construction on the urban
GSDL were discussed, and the threshold effects of urban scale were tested. The main
research conclusions are as follows:

(1) Transportation and telecommunication infrastructures play significant roles in
promoting the urban GSDL, and the effects are further strengthened during 2013–2018,
while energy infrastructure shows an insignificant effect on the urban GSDL. From the
perspective of nonlinear relationships, the impact of infrastructures on the urban GSDL
shows a U shape.

(2) There are regional differences in the influence of the control variables on the urban
GSDL. Among them, the economic development level and industrial structure promote the
urban GSDL in general, while the positive relationship between the human capital level and
the urban GSDL is only significant in the northeast and southwest regions. Additionally,
the government scale shows an insignificant positive impact on the urban GSDL.

(3) From the perspective of the threshold effect, there is only a single threshold effect of
urban scale on the infrastructures. The impacts of energy and transportation infrastructures
on the urban GSDL remain consistent before and after the threshold, while the impact of
telecommunication infrastructure on the urban GSDL varies from having no significance to
being positive when crossing the threshold.

In view of the conclusions, this paper puts forward the following policy recommen-
dations. First, reasonable allocation of capital investment in infrastructure construction is
crucial to achieving the dislocation of regional development. Different measures should be

103



Land 2021, 10, 1015

taken according to urban conditions to promote the ordered and high-quality quantification
of infrastructure construction and form the integrated development power through the
construction of energy, transportation, and telecommunication infrastructure. Second, it is
obligatory to fully unleash the positive potential of elements and strengthen coordination
among regions. On the one hand, industrial structure adjustment, human capital level,
and urban scale should be integrated for the urban GDSL. On the other hand, the admin-
istrative barriers among regions should be broken, and those backward regions such as
the central and western regions and northeast China should be encouraged to cooperate
with the eastern regions through entrusted management and investment cooperation to
realize complementary advantages and mutual benefits. Finally, the urban scale should
be reasonably controlled, and cities can learn from the superblock model of Barcelona,
which reclaims public space for people, reduces motorized transport, and promotes sus-
tainable mobility and active lifestyles, and consequently achieve green development and
mitigate the effects of climate change [76]. Governments, enterprises, and scientists should
make more efforts to break through the technical difficulties of adopting renewable energy
and releasing the side-effects of energy demand caused by urban population and spatial
expansion. Moderate investment is also required to ensure the sustainability of new infras-
tructure investment and thus to avoid the low efficiency of financial investment caused by
large-scale government investment.
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Abstract: Estimating the non-market monetary values of urban amenities has become commonplace
in urban planning research, particularly following Rosen’s seminal article on hedonic theory in 1974.
As a revealed preference method, the hedonic approach decouples the market price of a house into
price components that are attributable to housing characteristics. Despite the potential contribution
of this theory in a planning context, three main limitations exist in the conventional applications:
(1) variable measurement issues, (2) model misspecification, and (3) the problematic common use
of global regression. These flaws problematically skew our understanding of the urban structure
and spatial distribution of amenities, leading to misinformed policy interventions and poor amenity
planning decisions. In this article, we propose a coherent conceptual framework that addresses
measurement, specification, and scale challenges to generate consistent economic estimates of local
amenities. Finally, we argue that, by paying greater attention to the spatial equity of amenity values,
governments can provide greater equality of opportunities in cities.

Keywords: urban amenity; house price; hedonic theory; urban planning; local regression

1. Introduction

The world is rapidly becoming urbanized, and it is forecast that by 2050, 68% of
people on earth will live in towns and metropolitan areas [1]. In both the developing and
developed world, city growth is putting unprecedented pressure on governments already
struggling to accommodate the demand for housing and to service residents with essential
amenities. These major challenges of urban expansion face all nations. In honoring their
spatial planning responsibilities, governments must continuously monitor the adequacy
of urban amenities, particularly in rapidly evolving metropolitan areas. The tracking of
amenity availability and amenity values can help planners identify the localities in need of
particular facilities and neighborhoods vulnerable to over-development.

The typical response to planning challenges has been to anticipate and plan for future
population growth. Thus, current planning methods primarily involve demographic
analysis and forecasting. This approach of planning for the future population takes account
of the expected future demand; however, it overlooks urban amenities in local areas and
the level of demand they attract. In contrast, any reliable information about the current
demand for amenities would be a good indicator of residents’ preferences and the value
attributable to the amenities in a particular city.

To address the acutely inequitable patterns of urban development [2], policymakers
and practitioners need sophisticated tools to measure and monitor existing as well as
emerging spatial patterns of demand for housing and access to amenities. Such tools may
greatly assist our understanding of the impact of policy, particularly at the local level.
Typically, the provision of amenities and services transpires at the state or council level but
with little systematic attention to the local impact of those services and amenities [3]. Thus,
without appropriate tools and monitoring, governments may fail to ensure that adequate
levels of amenities are available to residents in different parts of a city.
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This article puts forward a novel framework to assess the values that residents are
willing to ascribe to (and hence pay for) amenities in their local areas. By establishing the
theoretical interconnections between house prices, the amenity preferences of residents,
and urban planning, and building on innovative econometric techniques, we develop a
framework consisting of new analytical models capable of reliably identifying the values
of high-demand amenities in cities and, therefore, can serve as planning tools. While
addressing a significant theoretical and empirical gap, the proposed framework could
also inform planning policy by improving the capacity to identify localities well served
with amenities and services, thus providing a basis for policy action to enhance spatial
equality in cities. This article thereby contributes to a long tradition of planning scholarship,
arguing that developing new knowledge about the quality of life is critical for effective
urban planning [4].

This research sets out to advance the approaches to understanding the local demand
for and the values of amenities in urban locations. In terms of hedonic theory, house
prices embed the values that residents assign to nearby amenities. In this research, we
construct the analytical framework on the premise that these values can be calibrated
through modeling and fed into planning decisions on the optimal location of amenities
for the local population. Dissecting amenity values in this way constitutes a consumer
preference-based approach to urban amenity provision. The framework can shed light on
the ‘locational value’ of specific localities by analyzing the local differences of amenities
through the lens of house prices.

Specifically, the framework enables research questions such as the following to be
addressed: ‘What are the amenities most preferred by residents in different local areas in
the city?’ ‘Do transport nodes closer to homes have a positive or a negative impact?’ ‘How
does the positive effect of better schools vary geographically?’ ‘Is there a clear positive
impact of proximity to urban parks?’ As the model incorporates the structural attributes
of houses and the characteristics of the local neighborhood, it also enables preferences for
specific structural and neighborhood characteristics to be analyzed.

Section 2 of this article explores the theoretical interconnections between house prices,
the amenity preferences of residents and urban planning. Section 3 discusses the develop-
ment of a coherent analytical framework that addresses measurement, specification, and
scale challenges. The article concludes in Section 4 with a review of the main findings and
policy implications.

2. Theoretical Interconnections between House Prices, Amenity Preferences, and
Urban Planning

2.1. House Prices Reflect Amenity Preferences

Theories in urban economics, in particular urban amenities theory, provide a basis for
understanding the drivers of housing demand. Urban amenities theory posits that land
values predominantly explain house prices, and proximity to amenities, in turn, influences
land values. Amenity types shown to influence local house prices have included schools [5],
public parks and open spaces [6], transit access [7], scenic view [8], air quality [9], and
crime rates [10], among others. The urban economics literature also states that distance
from the city center influences house prices because city centers naturally offer a generous
bundle of economic opportunities, urban amenities, and other attractions [11,12].

The hedonic price method (HPM) is the central analytical tool typically employed
in empirical tests of the above theories. As an urban economics approach to evaluating
amenity values in cities, it recognizes that the value of a complex commodity (housing in
this context) is the sum of implicit values of its utility-bearing components, and the value (or
price) reveals the utility generated by the consumption of a house and the associated bundle
of amenities. The term ‘implicit values’ signifies the prices indirectly revealed through the
estimates of consumers’ willingness to pay for specific non-market characteristics of houses.
The HPM thus predicts that the overall value of a house, given its structural, locational,
and neighborhood characteristics, is determined by the consumer’s willingness to pay.
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Rosen [13] illustrated the theoretical underpinnings of the HPM by mapping out the
way hedonic prices represent the joint envelope of bids (demand) and offers (supply).
Housing is a multidimensional commodity, a ‘differentiated product’ in Rosen’s terminol-
ogy, and each household’s bid function for a particular housing characteristic is determined
by the utility generated through the consumption of some quantity of the characteristic,
and other variables that influence tastes and preferences, given a budget constraint (utility
optimization). On the other hand, each producer’s offer function represents the quantities
produced of each housing characteristic, subject to the costs associated with the production
process (profit maximization). The equilibrium price and quantity are determined based
on the bid price, quantity demanded, offer price, and quantity supplied.

The theoretical model Rosen specified has two stages. The first stage involves esti-
mating the hedonic equation to generate implicit prices by regressing the price of a house
according to its characteristics. The second stage evaluates the empirically derived implicit
price of each characteristic against a particular bundle of characteristics. Because the he-
donic price function is jointly derived from both the supply and the demand sides, Rosen
argued that the entire set of implied prices guides the location decisions of both consumers
and producers in a ‘characteristics space.’ Both the implicit prices and the demand and
supply parameters trace an inverse demand curve, that is, the marginal willingness to pay
function. In equilibrium, the household bid function is tangent to the hedonic price func-
tion [14]. Therefore, the vast majority of hedonic applications employ the standalone ‘first
stage,’ or ‘reduced form,’ hedonic equation [15]. These theoretical foundations are further
discussed in Rosen [13] and summarized in Sheppard [16] and Follain and Jimenez [17].

The hedonic model represents price as a function of housing characteristics thus:

Pi = β0 + ∑x
k=1 βkzik + εi i = 1, . . . , n (1)

where
Pi is the price of the ith house;
β0 is the intercept term parameter;
βk is the parameter of the kth variable;
x is the number of unknown parameters to be estimated;
zik is the kth housing characteristic associated with βk;
εi is an independently and identically distributed random error term; and
n is the number of observations.
The term zik captures a broad set of housing characteristics:

1. Structural characteristics, such as the number (and type) of rooms, floor area, dwelling
type, age, heating and cooling provision, and lift access in multistorey buildings;

2. Locational characteristics such as access to educational and health services, recre-
ational facilities and open spaces, and distance from the city center (as a proxy for the
amenity bundle in the CBD); and

3. Neighborhood characteristics, such as socioeconomic status, crime rate, and air and
noise pollution in the local neighborhood, i.e., suburb, postcode, or based on distance
from the house.

Hedonic studies often include a range of locational attributes to assess the effects of
these amenities on house prices. Policymakers are aware of locations and the distribution
of amenities in a city; however, what essentially matters in terms of resident wellbeing is
whether such provision is beneficial to them or ‘generates utility’ in an economic sense.
Some amenities may well be located in specific city locations with limited use by residents.
The coefficient estimates of the hedonic model reflect these positive and negative effects. In
fact, a long tradition of analyzing locational amenity values using the HPM has produced
a rich knowledge base. Table 1 summarizes a sample of recent hedonic analyses focusing
on specific amenities, the provision of which falls within the remit of the government.
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Table 1. A Sample of Recent Hedonic Analyses on Transport Access, Public Parks, and School Quality.

Amenity Study City
Property

Type
Period

Covered
Number of

Observations
Summary Findings

Transport
access

Higgins and
Kanaroglou [7]

Toronto,
Canada

Single-
detached

homes

2001–2003,
2010–2014 2000 (sales)

Transit-oriented development (TOD)
was capitalized into land values, though

the maximum amount and spatial
impact area of this capitalization differed

by the TOD context.

Mulley [18] Sydney,
Australia

Residential
housing 2006 1598 (sales)

Accessibility by car and accessibility to
employment along the transitway partly

determined property prices.
Accessibility effects varied significantly

over the geographical space.

Wang et al. [19] Cardiff,
Wales

Residential
housing 2000–2009 12,887 (sales)

The number of bus stops within walking
distance (300–1500 m) of property was

positively associated with the property’s
observed sale price. The properties with
higher market prices tended to benefit

more from spatial proximity to bus stop
locations compared with their

low-priced counterparts.

Wang et al. [20] Shanghai,
China

Two-
bedroom/one-

bathroom
apartments

2012–2013 2575 (average
asking rents)

A residential complex community’s
adjacency to the nearest Shanghai Metro

station tended to correlate positively
with its average asking rent.

Public
parks and

green areas
McCord et al. [6] Belfast,

Ireland
Residential

housing 2011 3854 (sales)

Urban green spaces had a significant
positive impact on nearby residential

properties’ sale prices for the terrace and
apartment sectors. Terrace and

apartment properties located closer to
public green spaces achieved increases in

their sale price of up to 49 percent
compared to otherwise similar

properties. Adjacency to green open
space produced significant property

value premiums in only two of the four
housing types analyzed, with limited

statistically significant proximate effects
evident for the detached and

semi-detached sectors.

Herath et al. [21] Vienna,
Austria Apartments 2009–2010 1651 (sales)

Base Model: the price of constant-quality
apartments declined by approximately
0.13–0.26% with every 1% increase in
distance from the greenbelt. Spatial
Model (SEM): The corresponding

decrease in price was 0.13%.

Franco and
Macdonald [22]

Lisbon,
Portugal

Two-
bedroom

apartments
2007 11,617 (listing

prices)

Residential apartment prices reflected
the effect of proximity to both large

urban forests and smaller neighborhood
parks. There was a positive value

associated with tree canopy coverage, in
that a 1 km2 increase in the relative size
of tree canopy was valued at 0.20% of
dwelling price, or approximately €400

per dwelling.

Belcher and
Chisholm [23] Singapore

Public
housing

apartments
2013–2014 15,962 (sales)

On average, managed, spontaneous, and
high conservation value vegetation had
positive effects on property selling price,

accounting for 3% of the average
property’s value, or a total of $179

million Singapore dollars for all public
housing apartments sold over 13 months.
These effects were almost entirely driven

by managed vegetation, which had
positive marginal effects on the price for

98.1% of properties.
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Table 1. Cont.

Amenity Study City
Property

Type
Period

Covered
Number of

Observations
Summary Findings

School
quality

Turnbull et al.
[5]

Orange
County,
Florida

Single-family
houses 2001–2012 127,120 (sales)

House prices reflected the effect of
school quality. Increasing the variance in

test scores by one standard deviation
reduced house prices by 0.7%. The
capitalization effects tended to be

stronger in higher-income
neighborhoods.

Chung [24] Seoul, South
Korea Apartments 2004–2012 28,182 (sales),

10,259 (rents)

School choice reform (allowing students
to choose high schools outside as well as

within their school districts) reduced
housing prices in a high-performing
school district relative to the housing

prices in a low-performing school
district by approximately 10–27%.

Sah et al. [25]
San Diego

County,
California

Residential
housing 2010–2011 20,000 (sales)

There was a school proximity penalty for
public elementary schools. Spatially

dividing the sample area into a coastal
and an inland region led to a delayed

proximity premium for the inland region
and a very strong proximity penalty

effect for the coastal region.

Wen et al. [26] Hangzhou,
China

Multi-layer
and

high-rise
housing

2011–2013 660 (average
prices)

Surrounding housing prices reflected the
quality of basic education in the

neighborhood. Primary and secondary
schools had significant school

district effects.

2.2. Amenity Preferences of Residents Inform Urban Planning Policy

Residents’ preferences for amenities are often unrecognized by planners and hence ig-
nored in prioritizing needs. However, scholars argue that prudently implemented evidence-
based practice could enrich the field of planning by linking research to practice [27,28]. As
discussed in Section 2.1, house price is a summary measure of the desirability of a location
based on a bundle of nearby amenities. By addressing the deficits of current methods for
assessing urban amenity values (discussed next in Section 3), such models can generate
new fine-grained information about the utility of amenities at the local level.

Research on amenity preferences suggests two areas of pertinence to urban plan-
ning: enabling evidence-informed planning (‘instrumental view’) [29] and enriching the
knowledge environment (‘enlightenment view’) [30].

Evidence-informed planning gains direct knowledge from research and analysis of
where different interventions are likely to be socially and economically effective. In a
planning context, the values ascribed to amenities change over time; hence, monitoring the
benefits becomes paramount in preserving the locational value. Three primary outcomes
using the improved tools derived from evidence-informed planning include precise identi-
fication of local areas well served by valuable amenities, identification of areas with poor
amenities, and assessment of the values of specific infrastructure projects. A promising
application to infrastructure is in the field of infrastructure funding and value capture.
The appropriate use of evidence-informed policy at the research and planning interface
can have far-reaching positive wellbeing outcomes for urban residents as cities develop
within a system of ongoing development processes. The experiential tools presented here
are particularly useful in a contemporary policy environment that favors evidence-based
planning [30] and quantitative evaluation methods [31].

The enlightenment view specifies that the development of accurate new data enriches
the knowledge environment within which planners make decisions. If the planning
environment is such that planners are not often influenced by new data but mainly by
political and financial considerations [32], the proposed framework could still contribute
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meaningfully by enlightening the planning environment. This viewpoint emphasizes the
need for developing a knowledge base of planning case studies and examples that provides
a deeper understanding of the conditions within which different interventions might be
useful. The positioning of research in this way improves the capacity to make use of the
available evidence. Such a knowledge base also enables a greater awareness amongst the
various stakeholders, including bureaucrats, planners, and the public. It informs broader
public debate, promoting an ‘enlightened society’ as a way of engaging the public in the
planning process. Planners can exploit this knowledge to prioritize and communicate
planning needs in localities and to negotiate consensus around their planning goals.

As a revealed preference method, the HPM has some traits that make it appropriate in
the quest for understanding amenity values based on both the ‘evidence-based planning’
and ‘enlightenment’ viewpoints [33]. Originally, the revealed preference theory was mo-
tivated by the unobservability of preferences [34]. For instance, in the alternative ‘stated
preference’ methods, the respondents may state their intentions about the worth of some
amenity. However, these are not the behaviors that are observed (or revealed) in actual
markets. This perceived divergence from market prices, known as ‘hypothetical bias,’ is
a result of the imaginary nature of stated preference experiments that do not entail the
respondents actually making the choices or executing the behaviors they state [35]. Often
the respondents are unable to predict their own actual market behavior accurately in a
hypothetical environment.

In contrast, the HPM generates more realistic resident preferences. The HPM estimates
the values of housing attributes, including location, using actual house prices in different
locations. In an urban planning context, the price premiums paid by residents of an area
themselves reveal the attractiveness of localities. One could thus view the HPM as an
innovative planning technology in the context of urban policymaking where stakeholder
engagement is indirectly incorporated. The application of a relatively objective empirical
method also makes the policymaking process more transparent.

Though standalone hedonic studies (see examples in Table 1) may be robust in their
own right, they do not provide a reliable and consistent basis for understanding the values
of locational amenities more broadly in an applied planning context. These inconsis-
tencies are primarily due to three main limitations in hedonic modeling: measurement,
specification, and scale issues.

3. Developing a Coherent Analytical Framework

Despite the potential contribution of the hedonic theory in a planning context, existing
modeling instruments investigating amenity values have three main limitations. This
section discusses the specifics of these limitations and develops a coherent analytical
framework incorporating several essential improvements.

3.1. Addressing Measurement Issues

The first limitation refers to the measurement issues in identifying and accurately cal-
culating locational variables. We highlight two specific respects in which the conventional
assumptions of the HPM are arguably flawed.

The first assumption is that a distance threshold of 400 m (known as ‘Ped-Shed’) is ap-
propriate for measuring the effects of proximity to transport nodes on house prices [36–38].
This assumption rests on the assertion that 400 m ‘represent a comfortable walk for most
people under normal conditions’ [39] (p. 322). A notable concern here is that it takes no
account of local geography. Thus, in areas lacking pavements or with steep gradients,
people are unlikely to walk as much as where paths are more ‘walkable.’ This practicality
means that conventional HPM applications are likely to produce misleading findings. For
instance, Herath [40] compared 100 m, 200 m, and 400 m distance thresholds from bus stops
in a study of Sydney with contrasting results. The proposed framework systematically
tests this particularly problematic assumption of the 400 m distance threshold commonly
used to measure the effect of proximity to transport nodes.
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The second questionable assumption is that a variable measuring ‘straight-line’ dis-
tance can capture the house price effects of distance from an amenity. For instance, house
price models employing variables measuring the distance from the CBD generally assume
straight-line distance. However, scholarly research conceptualizes distances between dif-
ferent points in space in three different ways [41–44]. First, straight-line distance computes
distance ‘as the crow flies,’ and disregards the actual road network in a city. Second, travel
distance, also termed ‘road-network distance,’ measures the distance between two locations
along the actual road network, generally considering the shortest path among available
routes. Third, overland distance reflects travel times or travel costs, yet again allowing for the
fastest or lowest-cost path between two points. Unless the model incorporates the most rep-
resentative and context-specific distance variable amongst these alternatives, this variable
may be statistically insignificant in the model, or the model may lack explanatory power.

3.2. Addressing Specification Issues

The second limitation is the assumption that a variable measuring linear distance from
the CBD can explain the structure of a city. Hedonic analyses regularly assume that
linear distance adequately captures the CBD’s influence on house prices [45], although an
alternative functional form suggests a quadratic function, which translates as an inverted
U-shaped curve [46]. The latter reflects an understanding that residents may want to reside
neither too close to the city center, because of negative externalities such as air pollution
and crime, nor too distant from it, as jobs are concentrated in the CBD. Therefore, empirical
assessments need to consider variants of the polynomial distance function, namely, linear,
quadratic, and cubic functions.

3.3. Applying to the Local Scale

The third key limitation discussed in this study is the recent proposition that modeling
house prices using ‘local’ regression methods is beneficial [47]. The ‘global’ model [48]
that focuses on modeling spatial dependence1 in the data is dominant within the empirical
literature2. Yet, the local model [49] that incorporates spatial heterogeneit3 is attracting in-
creasing interest [47,50]. The former derives inferences based on the entire data sample (i.e.,
aggregate study area), although the latter focuses on local data subsamples, uncovering
spatial relationships usually hidden in global models. If the global model produces a
significant effect for a characteristic, does that hold across all the local areas? Not neces-
sarily. Some local areas may exhibit a positive and significant effect, some a negative and
significant effect, and others an insignificant effect. Conversely, an insignificant effect for a
characteristic from a global model might also not hold across all local areas—some areas
might have a positive and significant effect, some might have a negative and significant
effect, while others might have an insignificant effect. In other words, the common use
of global regression models is problematic because they omit hidden yet important local
dynamics; local models provide a more pertinent modeling strategy capable of producing
useful information about the values of local amenities.

The geographically weighted regression (GWR) is a common technique for estimating
the local model. The GWR expands the above hedonic model (1) to a form that allows for
local variations in the parameter values, taking into account the coordinates of individual
regression points. If the dependent variable has the spatial coordinates (ui, vi), we can
rewrite the model (1) as the following GWR local model:

Pi (ui, vi) = β0(ui, vi) + ∑x
k=1 βk(ui, vi)zik + εi i = 1, . . . , n (2)

where
Pi(ui, vi) is the price of the ith house;
β0(ui, vi) is the location-specific intercept term parameter;
βk(ui, vi) is the location-specific parameter of the kth variable;
x is the number of unknown local parameters to be estimated;
zik is the kth housing characteristic associated with βk;
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εi is an independently and identically distributed random error term; and
n is the number of observations.
To analyze spatially varying relationships, the GWR model embodies spatial hetero-

geneity, presumed to be discontinuous or continuous. Parametric methods often achieve a
discontinuous demarcation of local areas with fixed bandwidth, a measure of local scale
for each conditional relationship. The use of a fixed bandwidth results in the simpler
moving-window regression model: the GWR moves a search window from one observa-
tion to the next, identifying all the observations within the window. A cross-validation
score, a method of reducing variability within sub-samples of data, determines the window
size. For local areas with uneven spacing, an adaptive bandwidth is appropriate [49]. In
this case, the bandwidth reflects a fixed local sample density instead of a fixed distance
across the entire sample, i.e., ‘an optimal bandwidth in an adaptive form’ [51]. Multiscale
GWR [52] relaxes GWR’s assumption of a single bandwidth constant across all conditional
relationships in the model. This is a further step towards local models that incorporate
local scales and dynamics. Multiscale GWR is demonstrated to be superior to GWR in
terms of producing more accurate estimates.

As GWR is a local model, relationships are estimated locally and mapped across
space. Before proceeding with mapping, a random distribution of residuals validates
the statistical robustness of the analysis. It is only worthwhile mapping the statistically
significant variables based on the typical t-value for hypothesis-testing (t > 2). A comparison
of the global and local models indicates statistical performance using R2 and Akaike’s
information criterion (AIC) values4.

The flaws of the house price models mentioned above—measurement, specification,
and scale issues—problematically skew our understanding of the urban structure and
spatial distribution of amenities [53]. Therefore, these analyses may result in misinformed
policy interventions and poor amenity planning decisions [31].

3.4. A Coherent Analytical Framework

The improved conceptual design presented in Figure 1 sets out a coherent analytical
framework. The first step is to identify the potential variables, i.e., housing values (proxied
by prices or rents) and housing characteristics (see Stage 1). The incorporation of structural
variables such as the number of bedrooms and dwelling type into the model specification
is relatively straightforward. Thereupon, based on the addresses of houses, their exact
locations in longitude and latitude (x, y) coordinates are generated using geographic
information software (GIS) (e.g., ArcGIS). These enable the calculation of location variables
in relation to various amenities in the city.

Notably, the proposed framework facilitates the identification of context-relevant
location variables, computed in the right measurement scales (Stage 2, a). It lays out the
need to simultaneously test and compare different model specifications to represent the
relationships accurately (Stage 2, b). Model diagnostics such as the statistical significance
of the variables and goodness of fit statistics (i.e., the overall performance of the models)
assist in choosing the most relevant variables. For the selection problem of locational
variables related to distance measurement (e.g., proximity to transport nodes, distance
to amenity), the simultaneous consideration of different candidate variables is required.
If different ordered tests result in divergent model specifications, the attributes of local
geography based on ground-truthing provide clues on context-relevant variables. The
proposed procedures improve the reliability and performance of the house price model
in a preliminary step by comparing the implications of different location variables on
findings. As such, this analytical framework overcomes the shortcomings discussed in
Sections 3.1 and 3.2 above by empirically testing and appropriately adjusting the traditional
assumptions related to the distance measurement of the locational variables.
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Figure 1. A Coherent Analytical Framework.

As discussed in Section 3.3, the framework also integrates house prices in a parallel
local regression model, i.e., estimated for local subsamples of data, as a more reliable method
to capture specific values of local amenities (Stage 2, c). This improvement is critical given
the models need to be consistent and appropriate for analyzing the local context from a
planning perspective. In addition, the two types of models implemented (i.e., global and
local) provide a sound framework for scrutinizing amenity values at both the aggregate
city level (city-wide patterns) and local level (local area trends). By comparing global
model and local model estimates side-by-side, interesting patterns at the local scale and
characteristics more appropriate at the broader study level would be revealed.

The framework thus helps generate information on a range of planning matters, in-
cluding investigating the values of particular locational amenities and socio-neighborhood
characteristics (Stage 3). Since these models incorporate spatial fixed effect variables, such
as districts, suburbs, or postcodes, they also indicate the relative values of localities deter-
mined by specific amenity values. This new knowledge provides the possibility to detect
desirable residential locations and low-value localities in different parts of a city (Stage 4).
Based on the findings, governments may direct residential developments into locations
with valuables bundles of amenities, or, if city density is becoming unmanageable, preserve
these areas from over-development through zoning, council rates, or other means. Overall,
this framework represents a comprehensive and innovative approach that challenges the
traditional assumptions of house price models, applies variants of the model to understand
city-wide and local housing market dynamics, and has the potential to empirically gen-
erate policy-significant information regarding the values of locational and neighborhood
amenities in cities.
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4. Conclusions and Policy Implications

Scholarly work over the last few decades has scrutinized the non-market monetary
values of urban amenities using the hedonic price method (HPM), including research with
significant planning implications. However, this research falls short of establishing the
theoretical interconnections between house prices, the amenity preferences of residents,
and urban planning. In this article, we put forward a framework termed a consumer
preference-based approach to urban amenity provision to map out how hedonic prices reveal
the values that residents ascribe to nearby amenities and how planners could incorporate
this information into their decision-making. This new framework is based on a house price
model typically used to explain the demand for, and the prices of, housing, and hence
generates incremental and transformative gains in the urban economics and urban planning
disciplines. The improvements in potential reliability of the model lead to incremental gains
within urban economics, and the application of a new and consistent hedonic approach for
local amenity planning results in transformative gains in the urban planning discipline.

As a revealed preference method, the HPM at first glance appears to be an appropriate
methodology to assess amenity values. However, several concerns need resolving to utilize
these applications appropriately in a planning context: (1) measurement issues associated
with identifying and accurately calculating locational variables, (2) model misspecification
issues, and (3) the problematic common use of global regression models. A robust, inte-
grated, transparent, and systematic analytical framework is needed to empirically test a
range of model assumptions and eventually improve the precision of the model.

This article aimed to advance existing approaches to understanding the value of urban
locations by focusing attention on amenities, particularly as they affect residential land
values at the local level. The proposed conceptual framework integrates hedonic price
theory and cutting-edge econometric tools but applies these as planning tools, demonstrat-
ing improved analytical models to reliably identify the values of high-demand amenities
in cities. Despite the long-standing practice of explaining local spatial disparities in the
housing markets based on global hedonic models, the framework further evaluates the
usefulness of local regression methods that are intuitively preferred when location-specific
information is required for housing and urban planning purposes. These improvements are
innovative in their ability to address deficits in current methods of assessing urban amenity
values and generate new local fine-grained information about the utility of such amenities.

This is the first paper to explicitly demonstrate the contribution of the separate the-
oretical field of urban economics to the planning literature and to lay out the conceptual
alignment between house prices, amenity preferences, and amenity provision (Section 2).
It also recognizes the important deficits that exist in the conventional hedonic applications
and specific improvements within an integrated framework (Section 3). Future research
will focus on an extended piece of work testing this framework using a case study, in-
cluding tests of different measurements and specifications, location and neighborhood
characteristics, and local and global model estimates.

In policy terms, the framework develops and tests an objective and data-driven mecha-
nism that assesses spatial equality in terms of urban amenities in smaller localities such as
suburbs. The creation of more accurate and dynamic data-driven prototypes could inform
a broad range of spatial planning and policy interventions to help governments address
the following key questions:

• In which areas should housing be provided (or zoned)? The proposed suite of models
can benchmark local area amenity availability against city-wide amenities. The im-
proved models could, therefore, facilitate precise identification of localities well served
by valuable amenities, with capacity and potential for increased housing. These more
reliable measurements of valuable amenities may indicate possible directions of urban
growth processes, enable more efficient use of existing urban amenities, encourage
development within existing urbanized areas, and minimize the environmental impact
of residential development.
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• In which areas should urban amenities be provided? Again, this proposed framework
could help identify low-value localities with poor amenities. The operation of the
housing market in major cities embeds inequality, and there seems little interest in
addressing these disparities. While some inequality is inherent in amenity provi-
sion, the integrated tools proposed here could reliably identify where investment in
amenities would pay off best, an essential element when the value for money is a
paramount concern. This new knowledge may facilitate the distribution of public
funds and target investment to improve amenities in areas identified as optimal from
an amenities point of view, improving residents’ wellbeing and enhancing spatial
connectivity. Identifying localities that lack amenities may also provide a substantial
incentive to the private sector to invest in transit-oriented development. As such,
the proposed tools offer another source of value, providing at least the potential of
an additional means of reducing urban inequality. It is also important to note that
improving the most vulnerable areas may have a negligible effect on house prices at
the aggregate city level.

• What is a community’s willingness to pay for specific infrastructure assets? The
improved models may assist in evaluating these assets and developing value capture
mechanisms through rates, levies, charges, or other means. They can explain the effects
of specific infrastructure on nearby property values and help assess associated urban
productivity outcomes related to amenity projects and value creation opportunities.

• What are the effects of adverse environmental characteristics? The suite of proposed models
could detect low-value undesirable localities with dis-amenities requiring intervention.

From a planning practice perspective, elements within this analytical framework could
be translated into a useful toolkit for urban planners to assist and inform urban planning
decision-making. An important area of application is in the provision of urban parks.
Production costs of urban parks are often known and easily measurable (costs of planting
trees, hedge cuts, etc.), but benefits are more difficult to assess. These models evaluate the
benefits of protecting existing urban green areas and providing new urban parks within
the planning processes to facilitate long-term urban development strategies. For instance, a
local council may assess how the benefits could change with different configurations of park
sizes. Mahmoudi et al. [54] estimated that an expansion of a pocket park from 0.4 ha to 1 ha
resulted in $0.9 M in private benefits being capitalized in property values. These values are
useful in cost-benefit analyses to determine the types of urban parks that are likely to yield
benefits. City planners could preserve or enhance housing values by considering the spatial
configuration and species composition of open space in residential neighborhoods [55].
By identifying forest land values of planned areas with consistently high visual amenity
values, planners could generate the highest potential return on investment for preservation
and reforestation [56]. In addition, the capitalized property values associated with key
environmental amenities could measure the contribution of local amenities to land tax [57].

The improved models would address a critical gap in the planning practice and
policy domains, introducing demand-side analytical tools to uncover local area demand
determinants. The information and maps generated could indicate the values of amenities
in localities, a piece of information vital for facilitating a more efficient distribution of
housing and amenities in cities. Hence, the proposed analytical framework could have a
significant and immediate policy and practice implications for creating and preserving a
city that is both equitable and sustainable. It is worth noting, however, that social wellbeing
motives alone do not determine amenity provision, and economic (e.g., provision of
amenities to attract businesses and promote tourism) and political reasons may influence
amenity provision to some extent.

Finally, this article contributes to an important area of research in the evaluation of
amenities and services in urban localities. While addressing a significant theoretical and
empirical gap in the planning literature, the proposed framework provides a potentially
robust methodological integration to deal with the shortcomings of present evaluation
methods. The framework could inform planning policy by improving the capacity to iden-
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tify localities well served with amenities and vice versa, thus providing a basis for policy
action to enhance spatial equality in cities. The empirical tools presented are particularly
suited to a policy environment that aligns with the new trend towards evidence-based
planning and quantitative evaluation methods. Due to its data-driven nature, the proposed
framework supports an objective assessment that can enhance economic efficiency, produc-
tivity, and spatial equity within cities. To that end, the proposed framework seeks greater
policy relevance by positioning the measurements in local planning realities.
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Notes

1 Spatial dependence is the interdependence of variable values—either prices, housing features or both—among nearby locations.
2 The Equation (1) above estimated for the entire study sample is a ‘global model’.
3 This refers to an uneven distribution of variable values within an area that originates from characteristics of demand, supply or

institutional barriers.
4 Akaike’s information criterion (AIC) is a measure of model fit (a lower value indicating a better model fit).
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Abstract: Strict policy control and real estate market downturn affects large-scale real estate en-
terprises performance. We surveyed large Chinese real estate enterprises and the internal factors
that affect their competitiveness. Verified by the hierarchical regression and structural equation
modelling approach, the results mainly show that profitability, capital ability, management and
operation ability, human resource ability, brand name, and innovation ability play positive roles
in the competitiveness of large real estate enterprises. Management and operation ability plays an
intermediary role between human resources and the improvement of competitiveness. Real estate
enterprises’ capital sources play an intermediary role between brand names and the improvement
of competitiveness. Moreover, landbank area and quality and sales are three major factors that
impact the competitiveness improvement of real estate enterprises, while the ability for marketing
innovation and the payment collection of enterprises has a relatively small impact. All in all, this
paper provides practical implications concerning factors that affect the competitiveness of large real
estate enterprises. The findings are helpful to improve the sustainable development of real estate
enterprises in the future. As research on factors that affect large-scale real estate enterprises is scarce,
this study aims to fill this gap.

Keywords: large real estate enterprise; comprehensive competitiveness; sustainable development;
structural equation model

1. Introduction

The real estate industry is an economic pillar industry in China [1]. In recent years, the
People’s Republic of China government has issued a series of real estate-related policies to
stabilize the real estate market. The government requires enterprises to adhere to “houses
are for accommodation, not for speculation” guidelines, and real estate should not be used
as a short-term means to stimulate the economy [2]. At the beginning of 2020, due to the
COVID-19 outbreak [3], the Chinese economy and real estate industry suffered, and real
estate sales showed a cliff-like decline [4]. At present, with the effective control of the
epidemic in China, the economy is recovering gradually. Still, the main policy direction of
“real estate is not for speculation” remains unchanged, and real estate companies’ finances
remain tight [2]. All these changes highlight the importance of enhancing enterprises’
competitiveness as a critical path for the sustainable development of the real estate industry.

The research objective of this paper is to study the factors that affect large-scale real
estate enterprises’ competitiveness. As shown in Table 1, the National Bureau of Statistics of
China defined large real estate enterprises in 2018 [5]. We define large real estate enterprises
according to the two indicators of operating income and total assets in the table.
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Table 1. Standards for the scale of real estate enterprises.

Indicator Name Unit (CNY) Large Medium Small Miniature

Operating income (Y) Ten thousand Y ≥ 200,000 1000 ≤ Y < 200,000 100 ≤ Y < 10,000 Y < 100
Total assets (Z) Ten thousand Z ≥ 10,000 5000 ≤ Z < 10,000 2000 ≤ Z < 5000 Z < 2000

Research on the competitive advantage and competitiveness of real estate enterprises
is relatively scarce in academia. Nevertheless, it is of high importance among real estate
business operators and entrepreneurs, government departments and industry associations
within the real estate industry [6–11]. In the report “Research on the Comprehensive Com-
petitiveness of Real Estate Enterprises” issued by the China Real Estate Association [12],
the comprehensive competitiveness of real estate enterprises is defined as market, quality
and brand; the core idea sheds light on an enterprise’s resource integration and innovation
ability. The connotations that correspond to the market include comprehensive market
research ability, ability to grasp home purchasers’ needs, rapid response to market needs
and resource integration. The connotations corresponding to quality include project man-
agement, planning and design, engineering, product culture and art quality assurance.
The brand name concerns the corporate, project product, corporate personnel images,
marketing and integrated communication ability and serviceability. The competitiveness
of the large real estate enterprises studied in this paper refers to the fact that a large real
estate enterprise has stronger survival and development ability and stronger market influ-
ence than its competitors. The comprehensive competitiveness is a dialectical relationship
between comprehensive competitiveness and its basic elements, both independent and
interrelated [13].

Regarding the basic factors that affect the comprehensive competitiveness of large
real estate enterprises, they can be divided into external and internal factors [14]. External
factors mainly refer to two aspects of market and policy. The market factors include
demand capacity, supply capability and market structure, and the policy factors include
land, financial and tax policies. Internal factors mainly refer to the enterprise’s factors,
which reflect the enterprise’s ability to face challenges, etc., and are the fundamental factors
that affect the likelihood of survival and development prospects. They are also the internal
driving force of an enterprise’s development [15]. Paying attention to the internal factors
allows internal adjustment easily, even if the external environment is uncontrollable. In
China, market and policy factors outside enterprises have a huge impact on real estate
enterprises [16,17]. While the influence of the external factors is uncontrollable, internal
factors that affect enterprises’ competitiveness can be under control by these enterprises.
Therefore, in this paper, we focus on the enterprise itself and find the internal factors that
affect the comprehensive competitiveness of large-scale real estate enterprises. We try
to find out the different effects of different internal factors that impact comprehensive
competitiveness and the importance of different factors, summarize them, and suggest
large-scale real estate enterprises in China.

In summary, the research question of this paper is to analyze the factors that affect the
comprehensive competitiveness of large real estate companies in China, especially from
the perspective of the future sustainable development of large-scale real estate enterprises.
We use the structural equation model method to study the internal factors affecting the
improvement of the comprehensive competitiveness of large real estate enterprises. In
Section 2, through literature research and analysis, we put forward research hypotheses.
In Sections 3 and 4, we use empirical research to verify the hypotheses. Finally, based
on research results, some suggestions are made for large-scale real estate enterprises to
improve their comprehensive competitiveness in the future.
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2. Theoretical Basis and Research Hypothesis

2.1. Direct Effect Hypothesis

The scale of large real estate enterprises is constantly expanding, and the real estate
industry faces a fiercer market environment and increased competition. The comprehensive
competitiveness of an enterprise can be reflected by its profitability. Both the enterprise’s
leaders and external professionals affect the development potential of an enterprise [18].
The high profitability of the real estate industry is an important reason for the continuous
increase in real estate businesses, and it is essential to real estate enterprises. It determines
whether investors want to invest in the enterprise and the project. Ample funds are the
prerequisite for the operation of an enterprise [19]. The stronger the profitability of an
enterprise, the stronger the comprehensive competitiveness [20,21]. Many factors can
reflect the profitability of a real estate enterprise.

Regarding enterprises’ factors that affect competitiveness, they mainly concern the
enterprise’s internal management system, long-term strategic development goals, the profit
model and the existing equity structure. This article mainly evaluates the profitability of
large real estate enterprises from the two most direct and important indicators, namely,
an enterprise’s annual sales and profit margin. Therefore, this research proposes the
following hypothesis:

Hypotheses 1 (H1). It is assumed that profitability plays a positive role in improving the compre-
hensive competitiveness of large real estate enterprises.

In China, land price is the main cost of the real estate business. Obtaining high-quality
and low-priced land has become the most critical issue for real estate enterprises [22]. As a
fund-intensive industry, the real estate industry is highly dependent on sources of funds.
At present, one major finance source is bank loans, which has aroused great concern among
economists and bankers. Some government requirements are set in different developmental
stages of the real estate market [23]. It is increasingly difficult for real estate enterprises
to obtain funds from various channels. The financial strength of enterprises determines
the entry threshold and is also a key factor in determining whether the enterprises can
remain competitive in the industry. Therefore, the land bank and financial sources are
very important to the comprehensive competitiveness of real estate enterprises [22]. In this
paper, we adopt the total assets, financing ability, land bank quality and area as the proxy
for capital ability of large real estate enterprises and propose the following hypothesis:

Hypotheses 2 (H2). It is assumed that capital ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises.

In recent years, with an increase in tightening the regulation of the real estate industry,
real estate enterprises are facing greater operating pressure. Enterprises pay more and
more attention to project development plans and costs and begin to focus more on the
internal management of project development plans and cost control [24]. In the context
of regulation, real estate enterprises are forced to slow down and spend more effort on
checking the gains and losses in operation and management. In addition, as the profit
margin of real estate enterprises has decreased, the trend of increasing costs has become
more and more prominent, and many real estate enterprises are more concerned with
internal management. Real estate enterprises’ management and operation ability is related
to whether the enterprises can have stronger internal sustainable development ability given
the fierce market competition and strict policy control. Thus, real estate enterprises must
pay more attention to their management and operation ability, and continuously enhance
effective operational management through organizational adjustment, process optimization
and information technology improvement [25]. The most critical operational indicators for
real estate enterprises are project payment cycle, delivery quality, and cost control level.
Large-scale real estate enterprises must reform and conform to their management and
internal control procedures. Therefore, we put forward the following hypothesis:
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Hypotheses 3 (H3). Management and operation ability play a positive role in improving the
comprehensive competitiveness of large real estate enterprises.

The real estate industry is characterized by strong requirements of professionalism,
a large amount of investment, a long investment return period and high investment risk.
Employees with solid professional knowledge, strong psychological quality and compre-
hensive practical ability are important means for real estate enterprises to gain competitive
market advantages [26]. At present, many enterprises have difficulties in retaining people.
Although enterprises are constantly recruiting employees, many employees resign. This
situation reflects poor human resource management. The mobility of talents is an obstacle
to the development of enterprises. Therefore, smart human resource managers should pay
more attention to retaining and educating employees than recruiting employees [27]. This
paper takes the employee turnover rate and the average education level of employees as
two evaluation indicators of human resource ability. The lower the employee turnover
rate, the higher the average educational level of employees and the higher the operation
level of enterprises. When the human resources of real estate enterprise is enhanced, the
operational level will be improved accordingly. We thus propose the following hypotheses:

Hypotheses 4 (H4). Human resource ability plays a positive role in improving large real estate
enterprises’ comprehensive competitiveness and management and operation ability.

Hypotheses 5 (H5). Human resource ability plays a positive role in improving large real estate
enterprises’ management and operation ability.

Peter F. Drucker [28] once said: “organizations in the 21st century can only rely on
brand competition because they have nothing else”. The competition in the real estate
industry is consistent with the ultimate fate of other industries, that is brand. Whoever
can seize the brand advantage will grasp the present and future of the Chinese real estate
industry [29]. Although consumers ultimately accept a brand name, a corporate brand
name often requires enterprises to comprehensively evaluate the comprehensive competi-
tiveness of the operators who provide products [30]. Given the increasingly fierce market
competition, branding has become a sharp weapon for enterprises and products to gain a
long-lasting competitive advantage. In recent years, brand building, management, market-
ing, and strategy have become the most widely spread concepts in the real estate industry.
In brand competition, real estate enterprises are not only selling houses but also emotion
and culture. The enterprises can obtain high added value and maximize profits through
brand dissemination and expansion [31]. The real estate enterprises without brands will
pay a heavy price for that and face pressure from stronger brands. The social image, cus-
tomer reputation and the number of benchmark projects of real estate enterprises can better
reflect enterprises’ brands. The stronger the brand name, the stronger the enterprises in the
capital market, and the difficulty of obtaining finance sources will be reduced. At the same
time, a brand name gives enterprises more opportunities to obtain more and higher-quality
land resources through the government and partners. Therefore, we hypothesize that:

Hypotheses 6 (H6). Brand name plays a positive role in improving the comprehensive competi-
tiveness of large real estate enterprises.

Hypotheses 7 (H7). Brand name plays a positive role in improving the financial ability of large
real estate enterprises.

After 40 years of development, the Chinese real estate industry has transformed from
quantity to quality. High-quality housing is a general trend gradually accepted by the
market. Large real estate enterprises have made strategic adjustments and changes [32].
With the support of government policies, real estate technology innovation is developing
rapidly, and technology is particularly closely integrated with the real estate industry.
From the software data service at the earliest complimentary stage, to the technology
empowerment service, and then to the Wework office and the app for the intermediary
services, they subvert the traditional service model. Technological innovation is the key
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driving force for real estate value growth, which is one of the core views in the 2020 China
Real Estate Innovation Conference [33]. In addition to technological innovation, product
innovation and marketing innovation of real estate enterprises are also very important.
Only by continuously catering to the needs of consumers to develop new products and
continuously enhancing the ability of marketing innovation can the comprehensive com-
petitiveness of real estate enterprises be improved. Technological innovation, product
innovation and marketing innovation have become the most important manifestations of
the innovation ability of real estate enterprises [34]. As an enterprise’s product innovation
ability increases, its products will be recognized by more consumers. If the marketing
innovation ability is constantly enhanced, the enterprise’s sales will be improved. With
the continuous enhancement of technological innovation ability, the project construction
cost will be significantly optimized, and the profit margin of the enterprise will also be
improved. Therefore, we propose the following hypotheses:

Hypotheses 8 (H8). Innovation ability plays a positive role in improving the comprehensive
competitiveness of large real estate enterprises.

Hypotheses 9 (H9). Innovation ability plays a positive role in improving the profitability of large
real estate enterprises.

2.2. Intermediary Effect Hypothesis

According to H3 and H5, the stronger the management and operation ability of large
real estate enterprises, the stronger the comprehensive competitiveness of the enterprises.
The stronger the human resource ability of enterprises, the stronger the management and
operation ability of the enterprises. Therefore, we put forward the following hypothesis
given the intermediary role of an enterprise’s management and operation ability:

Hypotheses 10 (H10). Management and operation ability play an intermediary role in human
resource ability and improving the comprehensive competitiveness of large real estate enterprises.

According to H1 and H9, the stronger the profitability of large real estate enter-
prises, the stronger the comprehensive competitiveness of the enterprises. The stronger
the innovation ability of enterprises, the stronger the profitability of the enterprises.
Therefore, we put forward the following hypothesis given the intermediary role of an
enterprise’s profitability:

Hypotheses 11 (H11). Profitability plays an intermediary role in innovation ability and the
improvement of the comprehensive competitiveness of large real estate enterprises.

According to H2 and H7, the stronger the capital ability of large real estate enterprises,
the stronger the comprehensive competitiveness of the enterprises. The stronger the
brand-ability of enterprises, the stronger the capital ability of the enterprises. Therefore,
we put forward the following hypothesis given the intermediary role of an enterprise’s
capital ability:

Hypotheses 12 (H12). Capital ability plays an intermediary role in brand-ability and improving
the comprehensive competitiveness of large real estate enterprises.

2.3. Summary of Research Hypothesis

Based on the above analysis, there are nine direct effect and three intermediary effect
hypotheses, as summarized in Table 2.
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Table 2. The summary of research hypotheses.

Effect Number The Content of Hypotheses

Direct effect

H1 Profitability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises.

H2 The capital ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises.

H3
The management and operation ability plays a positive role in
improving the comprehensive competitiveness of large real
estate enterprises.

H4
The human resource ability plays a positive role in improving
the comprehensive competitiveness of large real
estate enterprises.

H5 Human resource ability plays a positive role in improving large
real estate enterprises’ management and operation ability.

H6 Brand-ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises.

H7 Brand-ability plays a positive role in improving the capital
ability of large real estate enterprises.

H8 The innovation ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises.

H9 The innovation ability plays a positive role in improving the
profitability of large real estate enterprises.

Intermediary effect

H10
The management and operation ability plays an intermediary
role in human resource ability and improving the
comprehensive competitiveness of large real estate enterprises.

H11
Profitability plays an intermediary role in innovation ability
and the improvement of the comprehensive competitiveness of
large real estate enterprises.

H12
The capital ability plays an intermediary role in brand-ability
and improves the comprehensive competitiveness of large real
estate enterprises.

2.4. Conceptual Model

As shown in Figure 1, a conceptual model of the internal factors influencing the
comprehensive competitiveness of large real estate enterprises is established, which is in
line with the above research hypotheses.
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Figure 1. The conceptual model of the internal factors influencing the comprehensive competitiveness of large real
estate enterprises.

3. Research Design

3.1. Research Sample and Variable Measurement

In this research, we collected data through questionnaires to study the impact of the
17 observed variables (Figure 1) on improving the comprehensive competitiveness of large
real estate enterprises. Because personnel in different professions or functional depart-
ments have different perceptions of improvement of the comprehensive competitiveness
of large real estate companies in the future. To maintain the objectivity of the question-
naire, the respondents of the questionnaire are managers of large real estate enterprises
in China, with nine from each enterprise. They are the main responsible personnel of the
enterprise’s investment, finance, operations, human resources, cost and other departments.
The questionnaire results were collected and summarized through online and on-site filling.
In total, 260 questionnaires were collected, and 236 valid questionnaires were used for
further analysis after excluding some incomplete and invalid questionnaires. The basic
information statistics of the respondents are shown in Table 3.

To make the questionnaire meet the basic requirements of scientific research, according
to the basic procedures of the questionnaire survey and previous studies, the top ten
real estate enterprises in China in 2020 were selected for pre-survey before the formal
questionnaire survey [29]. Based on the pre-survey results, professionals and scholars in
this field are invited to formulate a formal questionnaire for this research. The questionnaire
of this paper is mainly composed of the following parts: the first part is the survey
introduction, which introduces the purpose and significance of this survey, as well as the
promise to guarantee the confidentiality of the personal information and questionnaire
information of the respondents; the second part is the instructions and guidelines for filling
in the questionnaire; the third part is the central part of the questionnaire, including the
basic information of the respondents and measurement of internal factors affecting the
improvement of the comprehensive competitiveness of large real estate enterprises.
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Table 3. The basic information of the respondents.

Sample Information Options
Proportion

(%)
Sample Information Options

Proportion
(%)

Age

25–30 28.39

Working years

1–5 21.41

31–35 30.93 6–10 33.9

36–40 20.76 11–15 24.58

41–45 11.44 15–20 11.02

46–50 8.47 More than 21 9.1

Gender
Male 72.46

Job category

Finance related 9.75

Female 27.54 Cost related 12.71

Educational
background

Junior college 5.08 Investment-related 25.42

Bachelor 68.64 Operation related 27.97

Master 25 Marketing related 27.97

Ph.D. 1.27 Engineering related 22.88

Human resources and
administration related 5.08

The questionnaire questions include various indicators such as the enterprise’s total
assets, land bank area, financing level, payment cycle and customer reputation. The
Likert scale [35,36] is used in the questionnaire, reflecting the degree of agreement among
respondents to the questions set in the questionnaire. Each question has a degree value of
1–5: 1 means “completely disagree”, 2 means “relatively disagree”, 3 means “neutral”, 4
means “relatively agree” and 5 means “completely agree”. The larger the value, the greater
the degree of agreement. On the other hand, the respondents need to rank the importance
of each factor in the mentioned questions [37]. Each question has A–E degree value: A
means “completely unimportant”, B means “relatively unimportant”, C means “generally
important”, D means “relatively important” and E means “particularly important”—that
is, the larger the value, the more important.

3.2. Reliability and Validity Test

The SPSS and AMOS statistical software was used for data analysis.

3.2.1. Reliability Test

We used the reliability test to evaluate the reliability of the questionnaire and the
stability and consistency of the questionnaire results [38]. The measurement index of the
reliability test is usually the reliability coefficient, Cronbach’s α coefficient. In the testing
process, the reliability coefficient first should be analyzed: if the reliability is higher than
0.8, the reliability is good; if it is between 0.6 and 0.8, the reliability is acceptable; if it
is less than 0.6, the reliability is poor. The second is to analyze the corrected item-total
correlation (CITC). If the CITC value is lower than 0.3, the item can be deleted. At last,
if the Cronbach’s α coefficient of the item deleted is significantly higher, the item can be
re-analyzed [39].

The reliability test of the questionnaire on internal factors affecting the improvement
of the comprehensive competitiveness of large real estate enterprises is shown in Table 4.
The reliability coefficient is 0.904, which is greater than 0.9. The CITC values are greater
than 0.3. For the Cronbach’s α coefficient, if an item is deleted, the reliability coefficient
will not increase much after any question items are deleted, so no item needs to be deleted.
In conclusion, the reliability of the questionnaire data is excellent and can be used for
further analysis.
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Table 4. Reliability test of the questionnaire.

Name CITC.
The Cronbach’s α

Coefficient if Item Deleted
Cronbach’s α Coefficient

Total assets 0.467 0.905

0.904

Land storage area 0.555 0.899
Land storage quality 0.435 0.902

Financing ability 0.382 0.906
Annual sales 0.491 0.901
Profit margin 0.537 0.900
Payment cycle 0.350 0.904

Cost control 0.437 0.903
Delivery quality 0.493 0.901

The average educational level of employees 0.371 0.903
The employee turnover rate 0.451 0.902

Social image 0.603 0.898
Customer reputation 0.483 0.901

The number of benchmark projects 0.696 0.896
Product innovation 0.723 0.896

Marketing innovation 0.609 0.898
Technological innovation 0.546 0.900

3.2.2. Validity Test

Validity analysis is used to study the design rationality of quantitative data, especially
attitude scale questions. Generally, the KMO, communality (common factor variance),
variance interpretation rate and factor loading coefficient are introduced to study whether
the item is reasonable and meaningful [40]. In the process of testing, the KMO value is
analyzed first to test the validity: if the value is higher than 0.8, it means that the validity
is high; if the value is between 0.6 and 0.8, the validity is acceptable; if the value is less
than 0.6, the validity is poor. The second is to analyze the communality value used to
exclude unreasonable research items and the variance interpretation rate value used to
indicate the level of information extraction. If the communality value corresponding to
an analysis item is lower than 0.4, the item can be deleted. If the cumulative variance
interpretation rate after rotation is greater than 50%, the amount of information on the
question items can be effectively extracted. Finally, some attention should be paid to the
corresponding relationship between the question items and the factor loading coefficient.
If the corresponding relationship is consistent with the psychological research expectation,
the validity is high [41].

From Table 5, we can see the validity test of the questionnaire on internal factors
affecting the improvement of the comprehensive competitiveness of large real estate en-
terprises. The KMO value is 0.936, greater than 0.6, indicating the validity of the data; the
communality values of all research items are higher than 0.4, indicating that the research
item information can be effectively extracted. The variance interpretation rate values of the
three factors are 27.927%, 21.289% and 12.403%, respectively. After rotation, the cumulative
variance interpretation rate is 61.619%, which is greater than 50%, indicating that the
amount of information in the research item is valid. Concurrently, all research items have
factor loading coefficients with an absolute value greater than 0.4, which means that the
items and factors have a corresponding relationship. The relationship is positive, which is
in line with expectations. In summary, the research data are highly valid and can be used
for further analysis.
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Table 5. Validity test of the questionnaire.

Name
Factor Loading Coefficient

Communality
Factor 1 Factor 2 Factor 3

Total assets 0.163 0.640 0.326 0.542

Land storage area 0.219 0.734 0.313 0.685

Land storage quality 0.272 0.782 0.071 0.690

Financing ability 0.263 0.684 0.109 0.549

Annual sales 0.240 0.615 0.345 0.555

Profit margin 0.513 0.503 0.002 0.517

Payment cycle 0.552 0.560 0.140 0.638

Cost control 0.579 0.372 0.164 0.501

Delivery quality 0.676 0.248 0.342 0.635

The average educational level
of employees 0.376 0.280 0.595 0.574

The employee turnover rate 0.154 0.125 0.805 0.688

Social image 0.593 0.244 0.546 0.710

Customer reputation 0.685 0.253 0.297 0.622

The number of benchmark projects 0.655 0.287 0.359 0.641

Product innovation 0.802 0.194 0.135 0.700

Marketing innovation 0.672 0.237 0.206 0.550

Technological innovation 0.774 0.232 0.164 0.680

Eigen value (Unrotated) 8.161 1.270 1.043

Variance interpretation
rate % (Unrotated) 48.009% 7.473% 6.138%

Cumulative variance interpretation
rate % (Unrotated) 48.009% 55.482% 61.619%

Eigen value (Rotated) 4.748 3.619 2.109

Variance interpretation rate % (Rotated) 27.927% 21.289% 12.403%

Cumulative variance interpretation
rate % (Rotated) 27.927% 49.216% 61.619%

KMO 0.936

4. Research Results

4.1. Descriptive Statistics and Correlation Analysis of Variables

The structural equation model constructs the relationship between each potential
variable and its observed variable [42–45]. It shows the influence degree of each observed
variable on other variables. The specific and intuitive influence coefficients can be obtained
after modelling analysis and data processing through Amos, as shown in Table 6.

First, the observed variables of capital ability are total assets, land storage area, land
storage quality and financing ability of enterprises. It can be seen from Table 6 that the
area of the land bank has the greatest impact on the improvement of the comprehensive
competitiveness of large real estate enterprises (0.994), followed by the landbank quality
(0.939); the level of financing ability and total assets are ranked last. Overall, the capital
ability has a noticeable influence on improving the comprehensive competitiveness of
an enterprise, which belongs to the first gradient level among several potential variables.
Therefore, large real estate enterprises must pay attention to landbank area and quality
indicators, and then financing ability and total assets. These affect real estate enterprises’
comprehensive competitiveness and will affect the long-term development of enterprises.
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Table 6. The influence coefficients between the potential variable and the observed variable.

Potential Variable Observed Variable Standardized Coefficient

Capital ability

Total assets 0.845

Land storage area 0.994

Land storage quality 0.939

Financing ability 0.860

Profitability
Annual sales 0.981

Profit margin 0.845

Management and operation ability

Payment cycle 0.723

Cost control 0.854

Delivery quality 0.828

Human resource ability
The average educational level of employees 0.685

The employee turnover rate 0.881

Brand-ability

Social image 0.736

Customer reputation 0.841

The number of benchmark projects 0.809

Innovation ability

Product innovation 0.818

Marketing innovation 0.648

Technological innovation 0.788

Second, the observed variables of profitability are corporate annual sales and profit
margin. Compared with a profit margin (0.845), annual sales have a greater impact on the
comprehensive competitiveness of large real estate enterprises (0.981), which also reflects
why real estate enterprises want to engage in large-scale business today—after the increase
in sales, the comprehensive competitiveness of enterprises will be improved. Many real
estate enterprises are struggling to reach CNY 100 billion and CNY 200 billion in sales. At
the same time, some real estate enterprises prefer to sacrifice profits and obtain larger sales
by acquiring more land.

Third, the observable variables of operational ability are the payment cycle, delivery
quality and cost control. Among the three variables, the payment cycle has the most
negligible impact on the comprehensive competitiveness of large real estate enterprises
(0.723), and the impact of delivery quality (0.828) and cost control (0.854) is comparable.
At present, many scholars have pointed out that the future development of the real estate
industry will test enterprises’ operational ability. The management and operation ability
also play a significant role in enhancing the comprehensive competitiveness of enterprises.
Take China Overseas Land and Investment Ltd. as an example—although it is a state-
owned enterprise, it has a rigorous cost control level which is well-known in the industry,
and this lays the foundation for its comprehensive competitiveness in the top ten Chinese
real estate enterprises.

Fourth, human resource ability refers to the average educational level of employees
and employee turnover rate. Compared with the average educational level of employees
(0.685), the employee turnover rate has a greater influence on the comprehensive competi-
tiveness of large real estate enterprises (0.881). This reflects that employees’ experiences
are more important to the enterprise than their educational background. The importance
of employee turnover rate to enterprises is self-evident, and enterprises with too high an
employee turnover rate will certainly not be too competitive. Among the top 30 real estate
enterprises in China, the employee turnover rates of Poly Developments and Holdings
Co., Ltd. and Longfor Group Holding Co., Ltd. are relatively low, and they have strong
comprehensive competitiveness in the industry.
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Fifth, the observed variables of brand-ability are corporate social image, customer
reputation and the number of benchmark projects. Customer reputation has the most
apparent impact on improving the comprehensive competitiveness of large real estate
enterprises (0.841), followed by the number of benchmark projects (0.809). This reflects the
importance of customer reputation to the comprehensive competitiveness of enterprises.
A house is essentially a commodity. Buyers have an intuitive feeling about the quality
of the commodity after moving in, and this feeling will affect the real estate enterprises’
reputation in the end. Only by continuous accumulation in good customer reputation
can the enterprise’s brand-ability be established, and then the enterprise’s comprehensive
competitiveness will be enhanced. This also explains well that the first factor for many
buyers in choosing a house is to look at the enterprise’s reputation because people believe
that the quality of products made by a company with a good reputation can be guaranteed.
Meanwhile, the number of benchmark projects is also very important because brand-ability
is promoted by creating multiple benchmarking projects in many cases. In the Chinese real
estate industry, enterprises such as Vanke Co., Ltd. and Greentown China Holdings Ltd.
have very strong brand-ability. People recognize the products of these companies, so their
comprehensive competitiveness in the industry is very strong.

Sixth, the observed variables of innovation ability are product innovation, marketing
innovation and technological innovation. In contrast to product innovation and tech-
nological innovation, marketing innovation has the least impact on the comprehensive
competitiveness of large real estate enterprises (0.648), and marketing innovation is also
the variable with the least impact among the 17 observed variables. On the one hand,
the marketing model of the real estate industry has been very mature, and it is relatively
challenging to innovate. On the other hand, no matter how innovative the marketing
method is, it is impossible to ultimately decide whether the buyers choose to buy the enter-
prise’s products. However, there are some differences between product innovation and
technological innovation. Real estate enterprises must constantly polish their development
technology and product design, and constantly strengthen product innovation and techno-
logical innovation, to better cater to the demands of buyers in the market. In addition, the
requirements of the government for energy conservation, environmental protection, green
buildings, sustainable development and other concepts should also comply.

4.2. Structural Model

The influence of the 17 observed variables shown in Figure 1 on the improvement of
the comprehensive competitiveness of large real estate companies was obtained through
the questionnaire. Then, the reliability of the questionnaire and the stability and consistency
of the questionnaire results were verified (Section 3.2). Finally, the structural equation
model was used to construct the calculation process, and the influence coefficients shown
in Table 6 were obtained after modelling analysis and data processing through the Amos
software (Section 4.1). Next, Figure 2 summarizes the structural equation model results for
the internal factors influencing the improvement of the comprehensive competitiveness of
large real estate companies shown in Table 6.

The validity of the 12 hypotheses mentioned above can be tested through the model.
Among them, capital ability, profitability, management and operation ability, human
resource ability, brand-ability and innovation ability have positive effects on the compre-
hensive competitiveness of large real estate enterprises. Meanwhile, management and
operation ability play an intermediary role between human resource ability and the compre-
hensive competitiveness of large real estate enterprises. Profitability plays an intermediary
role between innovation ability and the improvement of the comprehensive competitive-
ness of large real estate enterprises. Capital capability plays an intermediary role between
brand-ability and the comprehensive competitiveness of large real estate enterprises.
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The comprehensive 
competitiveness of large 

real estate enterprises

Capital ability

Profitability

Operation ability

Human resource ability

Brand ability

Innovation ability
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Project payment cycle
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0.445
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0.841

0.788

0.818
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0.723

0.854

0.828

Figure 2. Results of structural equation model for internal factors affecting the comprehensive competitiveness improvement
of large real estate enterprises.

4.3. Hypothesis Test
4.3.1. Analysis of the Direct Effect

Based on the results in Figure 2, we can draw the following conclusion:
The standardized coefficients of annual sales and profit margin on improving the com-

prehensive competitiveness of large real estate enterprises are 0.981 and 0.845, respectively,
indicating that corporate profitability has a significant positive effect on improving the
comprehensive competitiveness of large real estate enterprises. Thus, H1 is confirmed.

The standardized coefficients of the total assets, land storage area, land storage quality
and financing ability on the improvement of the comprehensive competitiveness of large
real estate enterprises are 0.845, 0.994, 0.939 and 0.860, respectively, indicating that corporate
capital ability has a significant positive effect on the improvement of the comprehensive
competitiveness of large real estate enterprises. Thus, H2 is also confirmed.

The project delivery quality, cost control and payment cycle have standardized coeffi-
cients of 0.828, 0.854 and 0.723 for the improvement of the comprehensive competitiveness
of large real estate enterprises, respectively, indicating that corporate management and
operation ability has a significant positive effect on the improvement of the comprehensive
competitiveness of large real estate enterprises. Therefore, H3 has been confirmed.

The standardized coefficients of the average educational level of employees and the
employee turnover rate for the improvement of the comprehensive competitiveness of large
real estate enterprises are 0.685 and 0.881, respectively, indicating that corporate human
resource ability has a significant positive effect on the improvement of the comprehensive
competitiveness of large real estate enterprises. As such, H4 is confirmed.

The number of benchmark projects, social image and customer reputation have stan-
dardized coefficients of 0.809, 0.736 and 0.841 for the improvement of the comprehensive
competitiveness of large real estate enterprises, respectively, indicating that corporate
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brand-ability have a significant positive effect on the improvement of the comprehensive
competitiveness of large real estate enterprises. Therefore, H5 has been verified.

The standardized coefficients of product innovation, marketing innovation and tech-
nological innovation for the improvement of the comprehensive competitiveness of large
real estate enterprises are 0.818, 0.648 and 0.788, respectively, indicating that corporate in-
novation ability has a significant positive effect on the improvement of the comprehensive
competitiveness of large real estate enterprises. Consequently, H6 has been verified.

The standardized coefficient of brand-ability for capital ability is 0.760, indicating that
brand-ability has a significant positive effect on the improvement of capital ability. H7 has
been confirmed.

The standardized coefficient of innovation ability for profitability is 0.736, indicating
that innovation ability has a significant positive effect on the improvement of profitability.
H8 has been confirmed.

The standardization coefficient of human resource ability for management and opera-
tion ability is 0.810, indicating that human resource ability has a significant positive effect
on the improvement of management and operation ability. H9 has been confirmed.

4.3.2. Analysis of the Intermediary Effect

The intermediary variable is the third variable compared to the independent variable
and dependent variable. When considering the influence of independent variable X on
dependent variable Y, if variable X affects Y by influencing variable M, then the variable M
is the intermediary variable [46]. This paper uses the three-part intermediary test method
proposed by Wen et al. [47] to test the intermediary relationship. The specific steps are as
follows. Firstly, the correlation between the independent variable X and the intermediary
variable M is obtained through regression analysis to verify the significant correlation
between the two variables. Secondly, the correlation between the independent variable X
and the dependent variable Y is obtained by regression analysis to verify the significant
correlation between the two variables. Finally, the intermediate variable M is added to
the second step of the regression analysis, and the verification result is obtained. Suppose
the standardized regression coefficient of variable X to variable Y in the third step is
smaller than the coefficient of variable X to variable Y in the second step, and variable M is
significantly correlated with variable Y. In that case, there is an intermediary relationship
among the three variables. In the third step of the test, if variable X has no significant effect
on variable Y, then variable M plays a completely intermediary role; if variable X has a
significant effect on variable Y, variable M plays a partially intermediary role.

The enterprise’s management and operation ability are intermediary variables, the
employee turnover rate and average educational level of employees are the independent
variables, and the improvement of the comprehensive competitiveness of large real estate
enterprises is the dependent variable. According to the previous analysis, there is a
significant positive correlation between the variables, which meets the first and second
steps of the three-step test. After adding the intermediary variable, the intermediary effect
test is shown in Table 7.

After adding management and operation ability as the intermediary variable, we
obtain the following conclusions: the standardized regression coefficient of the human
resource ability on the improvement of the comprehensive competitiveness of large real
estate enterprises has decreased. However, it is still significant (0.701 < 0.881, p < 0.001).
Moreover, as an intermediary variable, management and operation ability still has a signifi-
cant effect on improving the comprehensive competitiveness of large real estate enterprises.
This shows that management and operation ability play a partially intermediary role be-
tween human resource ability and the comprehensive competitiveness of large real estate
enterprises. Accordingly, H10 is verified.
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Table 7. Test results of the intermediary effect of management and operation ability.

Intermediary Variable Management and Operation Ability

Dependent variable The improvement of the comprehensive competitiveness of
large real estate enterprises

Independent variable Employee turnover rate The average educational level
of employees

Step 1: Direct influence effect

Independent variable 0.881 0.685

Adjusted R2 0.747 0.653

Step 2: Intermediary influence effect

Independent variable 0.701 0.657

Intermediary variable 0.582 0.433

Total R2 0.658 0.613

ΔR2 0.089 0.040

Corporate profitability is used as an intermediary variable; product innovation, mar-
keting innovation and technological innovation are the independent variables; and the
improvement of the comprehensive competitiveness of large real estate enterprises is the
dependent variable. According to the previous analysis, there is a significant positive cor-
relation between the variables, which meets the first and second steps of the three-step test.
After adding the intermediary variable, the intermediary effect test is shown in Table 8.

Table 8. Test results of the intermediary effect of profitability.

Intermediary Variable Profitability

Dependent variable The improvement of the comprehensive competitiveness of large
real estate enterprises

Independent variable Product
innovation Marketing innovation Technological

innovation

Step 1: Direct influence effect

Independent variable 0.818 0.648 0.788

Adjusted R2 0.723 0.611 0.701

Step 2: Intermediary influence effect

Independent variable 0.823 0.657 0.801

Intermediary variable 0.682 0.565 0.726

Total R2 0.645 0.509 0.694

ΔR2 0.078 0.102 0.007

After adding profitability as the intermediary variable, the following conclusions
can be drawn: the standardized regression coefficient of innovation ability on improv-
ing the comprehensive competitiveness of large real estate enterprises has risen; it is no
longer significant (0.823 > 0.818, p < 0.001). This shows that profitability cannot play an
intermediary role between the innovation ability and the improvement of comprehensive
competitiveness of large real estate enterprises. Therefore, H11 is not tenable.

According to the same method, it can be verified that H12 is established, that is, capital
ability plays a partial intermediary role between brand-ability and the improvement of
comprehensive competitiveness of large real estate enterprises.
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4.3.3. Summary of Hypothesis Test Results

Through empirical research and analysis, we found that the improvement of compre-
hensive competitiveness of large real estate enterprises is affected by profitability, capital
ability, management and operation ability, human resource ability, brand-ability and inno-
vation ability. This study’s main purpose is to clarify further the logical relationship and
influence mechanism between these variables. Based on the 236 valid samples obtained
from the formal investigation, all the hypotheses of this study were tested by statistical
analysis methods commonly used in empirical research. The test results are shown in
Table 9.

Table 9. The summary of hypothesis test results.

Effect Number The Content of Hypotheses Test Results

Direct effect

H1 Profitability plays a positive role in improving the comprehensive
competitiveness of large real estate enterprises. Confirmed

H2 The capital ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises. Confirmed

H3
The management and operation ability plays a positive role in

improving the comprehensive competitiveness of large real
estate enterprises.

Confirmed

H4 The human resource ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises. Confirmed

H5 Human resource ability plays a positive role in improving large
real estate enterprises’ management and operation ability. Confirmed

H6 Brand-ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises. Confirmed

H7 Brand-ability plays a positive role in improving the capital ability
of large real estate enterprises. Confirmed

H8 The innovation ability plays a positive role in improving the
comprehensive competitiveness of large real estate enterprises. Confirmed

H9 The innovation ability plays a positive role in improving the
profitability of large real estate enterprises. Confirmed

Intermediary effect

H10
The management and operation ability plays an intermediary

role in human resource ability and the improvement of the
comprehensive competitiveness of large real estate enterprises.

Partial Confirmed

H11
Profitability plays an intermediary role in innovation ability and
the improvement of the comprehensive competitiveness of large

real estate enterprises.
Not support

H12
The capital ability plays an intermediary role in brand-ability and
the improvement of the comprehensive competitiveness of large

real estate enterprises.
PartialConfirmed

5. Conclusions

With this paper, we attempted to study the internal factors influencing the compre-
hensive competitiveness of China’s large real estate companies in the future. We conducted
a questionnaire survey on Chinese large real estate enterprises. The Amos structural equa-
tion method was used for modelling analysis and data processing. Then, the hierarchical
regression analysis method was introduced to verify 12 research hypotheses, of which nine
hypotheses were established, two were partially established, and one was invalid. Based
on our study, the following suggestions are proposed for large real estate enterprises to
enhance their comprehensive competitiveness in the future.

First, land resources integration should be improved, which means the increase in
the land storage area and the improvement of land storage quality. Land resources are an
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essential core competitive resource for real estate enterprises, and whether land resources
are adequate or not will directly affect the development of enterprises. Reserving a large
amount of high-quality land can effectively increase the scale of development projects,
achieve economies of scale and reduce development costs. For a real estate enterprise,
only by carrying out proper land resource reserves can it lay the foundation for future
development. Therefore, real estate enterprises must continuously improve their ability to
integrate land resources.

Second, some importance should be attached to human resource management. Land
resources and capital resources are important to core competition resources for real estate
enterprises, but they are only necessary conditions for cultivating the core competitiveness
of enterprises. Combined with the impact of human resources, the development of enter-
prises will be improved. Real estate enterprises belong to an industry with a wide range of
business categories, which involves planning, design, building construction, supervision,
garden landscape, enterprise management, cost accounting, marketing planning, evalu-
ation, etc. At present, what real estate enterprises urgently need are compound talents
with “one specialization and multiple abilities”. In the new economic era, the competition
between enterprises is the competition of talents. If real estate enterprises want to win in
the fierce market competition, they must invest in the development of human resources
and improve the ability of human resources integration. Moreover, they must maintain
the team’s stability and lower the employee turnover rate, thereby improving the overall
competitiveness of the enterprises.

Third, brand-building should be paid attention to. The competition in the real estate
industry has changed from the competition of scale advantages, the competition of special-
ization, and technology to the competition of corporate brands. Branding is an intangible
force, playing a decisive role in improving the comprehensive competitiveness of real estate
enterprises, and it is an important manifestation of whether real estate enterprises form
core competitiveness. In the fierce competition of the real estate market, the brand has
an increasing influence on consumers’ house purchase decisions, and it will take a more
critical role in the competition of real estate enterprises.

Fourth, corporate financing ability and management and operation ability should
be enhanced. Enhancing financing capacity is an essential guarantee for improving the
comprehensive competitiveness of enterprises. In contrast to enterprises in other industries,
real estate enterprises are highly capital-intensive operators. Since most of the completed
real estate projects are mainly held, cash can be recovered through rents, mortgages and
other income, which leads to a more extended recovery period of capital and higher
requirements for the operation of the capital chain. Therefore, a strong financing ability is
an important guarantee for enhancing the competitiveness of real estate companies. On the
other hand, improving the management and operation ability of an enterprise means that
all enterprise links are required to be in a state of efficient operation, which is an expression
of the comprehensive competitiveness of the enterprise.

In terms of the management field, the improvement of comprehensive competitiveness
of large real estate enterprises is affected by the profitability, capital, operation, human
resource, brand and innovation ability. The hypothetical research results proposed in this
paper clarify the logical relationship and influence mechanism between these variables.
The research results of this paper provide practical enlightenment for enhancing the
competitiveness of large-scale real estate enterprises. It is helpful to improve the sustainable
development of the real estate industry in the future to a certain extent.

In terms of academic contribution, as research on factors that affect large-scale real
estate enterprises is scarce, this work aims to fill this gap. Compared with previous
studies on the improvement of the comprehensive competitiveness of large real estate
enterprises, this paper attempts to quantify the internal factors affecting the improvement
of comprehensive competitiveness by using the structural equation model for the first
time. It provides theoretical support for the sustainable development research of large real
estate enterprises.
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There are still some works to be completed in the future, considering some limitations
of this paper. Although we focus on the internal influencing factors of comprehensive com-
petitiveness, large real estate enterprises in China are faced with complex external factors
such as market and policy. Improving the comprehensive competitiveness of real estate
enterprises in the complex external environment still requires more research in the future.
In addition, this paper only discusses the one-way relationship between the profitability,
capital ability, management and operation ability, human resource ability, brand-ability,
innovation ability of the enterprises and the improvement of the comprehensive com-
petitiveness of large real estate enterprises. However, there actually may be a complex
two-way relationship between them. Exploring the reverse impact of the improvement
of comprehensive competitiveness on these abilities may increase the objectivity of the
research results and provide another avenue for future research.
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Abstract: Increasingly independent fields of specialization, civil engineering, and urban design find
themselves practicing in isolation on the same urban issues. The result surfaces on the relative
qualities of public spaces: projects that are functionally successful but spatially poor, and vice versa
This is critical in the global south, where infrastructure is prioritized, and politicized, as the key driver
of change but often heedless of spatial consequences. The present study explores the dynamics of
integration between logics arising from technical and spatial fields, and the planning processes under
which such integration is feasible. An urban design/infrastructural project in Argentina, stalled for
more than two decades under regulatory policies, was selected as a case study. An overview and
background of the adopted planning/design methodologies are followed by a structural/spatial
analysis, focusing on type, logistics, and construction on the one hand, and on indicators of successful
public spaces on the other: access, uses, comfort and image. Aspects that a priori appeared as
inevitable compromises found a common, but the critically logical ground in which urban and
structural thinking complemented each other. More than a functional asset, infrastructure presents
an opportunity to re-think the future of the built environment as a typology that could be conceived,
designed and evaluated, on the same terms as successful public spaces.

Keywords: integrated spatial planning; urban infrastructure; structural design; urban design

1. Introduction

There is a tendency to conceive of projects in terms of very distinct and often sepa-
rated phases. This is especially true of urban infrastructure projects. While this may assist
to demarcate the role of various professionals involved, it also tends to create a silo ap-
proach [1] and an unhealthy separation of issues related to spatial design on the one hand
and technical considerations on the other. Such a separation has often adversely influenced
the quality of the built environment and the potential for quality of life in cities. This article
focuses on the role of integrated spatial planning and design to align the contributions
from different professional fields and move towards more integrated urbanism with a
stronger sense of place. This is illustrated through an urban design/infrastructural project
in Argentina developed by the Municipality of Villa Carlos Paz. The objective was to bridge
the development divide between the two central precincts (east and west) separated by
the San Antonio River. The project presents an attempt to integrate urban and structural
design as part of a simultaneous process and not distinct stages of development. This
process is discussed through an introduction of the project context and planning/design
process, followed by a detailed discussion of the choice and nature of the structure and
the spatial solutions. The paper argues for a trans-disciplinary perspective towards infras-
tructure and advocates that structural and spatial considerations should not be mutually
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exclusive but should be aligned to enhance both the efficiency and the experience of urban
infrastructure projects.

1.1. A Spatial or Functional Approach: Mutually Exclusive?

The current ‘infrastructure turn’, where emerging global infrastructure practices are
supported by a new set of discursive, political, and technical arrangements, tends to dis-
place and override spatial planning practice [2]. In addition, fragmented knowledge of
infrastructure across different disciplines compromises the development of robust planning
strategies [3]. Even when the bond between infrastructures and cities is tight as ever, the re-
lationship between planning/urban design and infrastructure remains noncomprehensive
and nonstrategic [4]. Part of the problem lies in that infrastructure is often framed as an
abstraction [5], prioritized—and politicized—as an essential driver of change, but heedless
of spatial implications.

The institutional and epistemological gaps between spatial and technical disciplines
often reflect on regulatory planning approaches, and consequently in the quality of the
urban experience itself. On the one hand, the planning and urban design professions’
interest in infrastructure has declined in deference to specialists [4], leaving key roles to
professions mostly concerned with efficiencies, such as engineers, financers, managers,
and public work officials. On the other hand, infrastructures’ technical and organizational
aspects are unappealing to the architect, as they require a “different habit of mind about
design” [6] (p. 264). Thus, architects and urban designers have focused overwhelmingly
on the design of spaces within envelopes rather than the networked infrastructures that
bind and configure them [7] (p. 18), giving rise to infrastructural urbanism [8], where
reductionist spatial engineering asserts itself.

While planning tends to deal more with the two-dimensional spatial organization
and regulation of the city, urban design focuses on the three-dimensional quality and
organization of the built environment. Integrated planning, or what we refer to as inclusive
planning, presents an alternative defined by horizontal and vertical integration of gover-
nance levels. As opposed to regulatory planning, integrated planning relies on appropriate
methodologies, management, public involvement, and coordination that respond and
adapt to local conditions [9]. This necessitates planners to move beyond their traditional
functions to a more communicating and mediating role [10]; or to what has been called
participatory design [11] or co-design [12]. These approaches emphasize the role of the
planner/urban designer in working with relevant stakeholders to encourage a more posi-
tive and sustainable outcome. Although participatory planning has shown to be beneficial,
developers and planners often neglect this and fail to involve all the stakeholders [13].
At the same time, it reflects the increasing focus in urban design theory and practice to
acknowledge urban design as both product and process [14–16], where it is recognized that
the process plays a very important part to create quality places. Four process dimensions,
namely design, development, space in use, and management play an important role to
shape place over time [15].

Due to logistical challenges, however, these processes are not exempt from risks:
Holden [17] warns that preconditions for integration must be present across normative di-
mensions. Similarly, the ‘tree planning approach’ [18] proves to be a barrier to institutional
integration. In addition, there is often not enough time spent in the planning or design
phase, as projects need to be delivered very rapidly [19]. Another concern relates to the
measurement of design outcomes or performance measurement [19,20]. Some of these
challenges are evident in developing countries such as South Africa, where there is a lack
of integration between various departments and levels of governance [21].

South America also struggles with these challenges, resulting primarily from dis-
jointed management and less so from professional capacity [22]. Urban governance is
a major challenge in itself [23], characterized by an abundance of overlapping author-
ities, competing departments, and uncoordinated efforts and policies. The absence of
proper reviewing mechanisms, like design review in the UK [24], further contributes to
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the ‘end product oriented’ approach. Additionally, urban design, and its potential coor-
dinating role [25], remain a weak discipline in Argentina, often associated with exclusive
developments [26], or in cases seen as a luxury [27].

In the selected case, an approach that focused on participation among departments and
stakeholders was used as an alternative to hitherto unfruitful proposals under regulatory
approaches. Admittedly, “negotiation, as much as collaboration, was expected” [28].
This analysis illustrates the dynamics of a process where urban design and structural
engineering found a common ground, and the benefits of a broad base professional/public
forum that ultimately defined a feasible proposal.

1.2. Project Background

The project is located in the town of Villa Carlos Paz (population 90,000), Córdoba province,
Argentina (Figure 1). This town is the second most touristic place in the country, with occupan-
cies often reaching as many as 1 million visitors during the high season (January and February).
The layout of the town can be described as two similar-sized urban areas divided by the San
Roque Dam and the San Antonio River. The river delineates the two halves of the downtown
area, connected by the 1889 bridge (‘old bride’) (Figures 2 and 3). The downtown area was
originally established on the west bank, but over the years expanded to the east bank, where it
thrived, overshadowing the former west-central precinct.

Figure 1. Location maps. (a) Argentina and Cordoba Province. (b) Villa Carlos Paz, the San Roque
Dam, and the Downtown area on both sides of the San Antonio River.
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Figure 2. The existing 1889 bridge, its supporting piles account for 45% of the drainage section. (Credit: Reproduced with
permission from the author, Eng. Gerónimo Cáffaro).

Figure 3. Aerial view taken from the east precinct, showing the San Antonio River and the 1889 bridge. Mixed-use, mostly
retail and residential, occurs in low to medium densities.

The general objective of this project was to bridge the increasingly marked develop-
ment divide between the two central precincts. The need was identified during the 90s
when the town grew rapidly in popularity. Although several proposals were developed
in the subsequent years, they did not meet enough political/financial traction, or public
acceptance [28]. Additionally, these proposals focused on replacing the existing old bridge
with wider and modern structures. Even when the old bridge has proven structurally
unsound and hydraulically problematic, its replacement remains a sensitive heritage issue.
These aspects compounded, resulting in the project stalling for more than two decades.

1.3. Planning Methodology

From 2014, the municipal planning department managed an integrated process. The
methodology aligns to some degree with that proposed by Yigitcanlar and Teriman [10],
consisting of a series of re-evaluative steps that belong to two distinct phases: definition
and confirmation (Figure 4). In the definition phase, the integration places particular
emphasis on ‘participatory design’ as an extension of participatory mapping techniques.
A neutral-role format was employed for a series of design workshops that culminated in the
urban vision and later on the design parameters of the two proposed bridges, promenades,
and public spaces. The rationale behind focused on removing the boundaries among the
three main stages of regulatory planning (Figure 5), and the boundaries of professional
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fields. In this manner, the identification of the issue, the ‘what-to-do part’ of the process,
benefited from a broader perspective in which the wealth of local knowledge formed a
key contribution.

Figure 4. The integrated model was employed, placing particular emphasis on the definition.

Figure 5. Three main stages of regulatory planning are typically assigned to specific departments. The many variables make
it difficult, if not impossible, to expect a resulting integrated proposal.

The first three planning steps of definition, comprised of a series of information
and design workshops, where public officials, private consultants, and the public, in
general, took part. The focus was on reframing the project from an engineering issue
(conceived and developed by specialists) to an urban design issue (conceived by many).
Stakeholders also included urbanists, project managers, architects, landscape architects,
engineers (traffic, civil, and hydraulic), politicians, and historians. Subsequently, during
the confirmation phase, the focus was specifically on urban and structural design, the
‘how-to-do-it’ part of the process. Facilitators encouraged participation in all aspects of
design solutions: engineers were encouraged to design, and share ideas with the ‘designers’
(urban designers/architects), in turn, designers were prompted to conceive and participate
in technical solutions. The exchange of ideas was at the core of the process, and an
experimental element, which in regulatory terms is considered a risk, was embraced
with motivation.

2. Methods

A case study research approach was employed, together with a documentary data
collection method. An overview of the project and a background of the adopted plan-
ning/design methodologies places the process within integrated planning boundaries.
To establish the relationship between technical efficiency and spatial considerations, the
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main structural features (type, geometry, and implemented solutions) were analyzed with
criteria of successful public spaces and a range of spatial methodologies for understanding
public space and the performance of the built environment. There has been extensive re-
search on what constitutes successful public spaces or precincts. For example, Montgomery
notes that the components contributing to a sense of place relate to activity (including
access, diversity, vitality, use, etc.), form (including permeability, landscaping, and scale),
and image (including symbolism and memory) [29]. The Project for Public Spaces’ Place
Diagram highlights five key qualities, namely sociability, uses and activities, access and
linkages, comfort, and image [30]. Carmona identified 10 aspects of successful spaces:
evolving, diverse, free, delineated, engaging, meaningful, social, balanced, comfortable,
and robust [15]. These were reduced to four main indicators for the consideration of spatial
quality, namely accessibility, uses, comfort, and image.

The evaluation of proposals/alternatives centered on structural and spatial quali-
ties, followed in order of importance by management/logistical aspects, and lastly by
financial considerations. Comparative charts were used as an indicative tool to evaluate
and compare these aspects (Figure 6). The intention was to identify and combine the
benefits of alternatives. In this simple tool, the criteria for structural design and the desired
spatial qualities were outlined. Budget played no significant role, which resulted in de-
sign flexibility, variety, and choice. This approach was possible since budget allocations
to (small) municipalities are irrespective of specific cost estimates but dependent on the
project’s relevance.

Figure 6. Comparative charts were used to evaluate alternatives, as an indicative tool only.

Accessibility was measured through pedestrian counting recorded on January 2018,
2019, and 2020, during the most popular weekend of the high season. Comfort and
image were recorded through a documentary data collection method in which publications
concerning the project (broadcast, online publications, paper publications) were analyzed
for the same period. Finally, direct observations attempted to connect the various uses
to key structural/spatial features. This reflects the importance of trying to measure the
performance of the built environment in various ways [20,31], despite the difficulties
associated with such performance measurements [32].

3. Results

3.1. Urban Vision

The first collective outcome defined the urban vision: a staged construction plan in
which the old bridge was not affected in principle. The sequence entitled: (1) building
of a pedestrian bridge (completed), (2) building of a mixed bridge of four traffic lanes,
and (3) removing of the old bridge. The advantages of this plan are numerous: first, the
three phases are independent, secondly, the decision to remove the old bridge—a sensitive
point—could be delayed until consensus is reached or be left untouched, and lastly, the
funding procurement model resulted in better chances of adjudication. The vision for the
area involves significant public space reconfiguration (roads, green spaces, promenades,
and sidewalks), leading to a more pedestrian-friendly environment (Figure 7).
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Figure 7. (a) The downtown area connected by the existing bridge of 1889. (b) The urban vision
shows substantial public space reconfiguration, a proposed mixed bridge (bottom), and the imple-
mented pedestrian bridge (top). (Credit: Provided by the planning department of Villa Carlos Paz
(public domain)).

3.2. Pedestrian Bridge

The first project set for implementation, the pedestrian bridge, was envisioned as a
public space across the San Antonio River. Yet the site constraints, seismic and flooding
conditions, and the restrictions imposed on the geometric envelope presented a consider-
able engineering challenge that risked overriding key spatial considerations. The design
premises were defined as a set of conditions:

• A comfortable pedestrian deck of 6 m of minimum width;
• A maximum height of 12.5 m above the 100-year flood line;
• A maximum of two intermediate supports (3 spans);
• An attractive, contextual, and memorable architectural language;
• A lookout point to the surroundings.

3.2.1. Bridge Typology

The San Antonio River is prone to flooding for 6 months of the year. Its drainage
section on the location of the bridge, measured at 100-year flood recurrence (2100 m3/s), is
72 m. The metamorphic bedrock sits at ±6 m below shifting layers of alluvial boulders,
gravels, and sands. These two aspects challenged the practicalities of building intermediate
supports. Thus, two options presented themselves: to build two intermediate supports of
efficient hydrodynamic profiles (for a 3-span deck), or a single 72 m span. The construction
of intermediate supports offset any apparent savings derived from the simplicity of the
superstructure while adding a series of constructive and hydraulic constraints. A single
72 m span avoids interference with water flow while establishing the lowest possible level
for the deck above the 100-year flood line (Figure 8). In terms of accessibility, it provides a
smoother transition, allowing the use of frontal ramps instead of stairs due to the reduced
depth of the deck.
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Figure 8. Top: early 3-span proposal: accesses were uninviting as ramps could only occur laterally.
Bottom: selected single-span cable-stayed typology, together with new public spaces and road
reconfigurations for friendlier accesses.

3.2.2. Structure

The bridge’s substructure consists of concrete pile foundations and abutment walls,
integral concrete masts, and deep active rock anchorages for backstays. The superstructure
consists of a metallic web of fixed longitudinal and transversal beams coinciding with the
stays’ attachments (Figure 9). All stay cables are composed of parallel tendons of 7, 12
(deck), and 19 strands (backstays). Due to the very low angle of the central cables (15◦) and
to seismic deformations, fork anchorages at both ends were preferred to minimize fatigue
at the terminal. It was therefore decided, for consistency, to utilize these attachments in
all cables in what was dubbed ‘honest engineering’. The bridge was modeled using the
FEA system SAP2000 (V.16), considering the AASHTO LRFD Bridge Design Specification
norm [33].

Figure 9. 3D BIM model of the structure.

3.3. Spatial Experience

The deck was to create a lookout point free of structural interference. To accentuate
this premise, the central structural modules stretched from 6 m to 8 m. This small change
enlarges the lookout zone from 18 m to 23 m (measured at eye level), which on a 72 m
crossing represents just under a third of the total (Figure 10). Structurally, the larger
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modules coincide with the lighter zone of the deck; the modules are longer but narrower.
The area is further celebrated by the 1m longitudinal bulge that confers a sense of mastery
over the environment while preventing debris impacts during floods.

Figure 10. The central lookout area, higher and clear of visual interference for almost a third of
the crossing.

The deck’s width, first defined at 6mts, offered a generous crossing but created a blunt
transition to the access public spaces. To address this point, the entry areas widened to
11.4 m, in this way, the deck ‘opens’ to the city together with the outward leaning masts.
This geometry creates zones within the deck in which users can linger without interfering
with the central flow. A variety of activities is then encouraged in line with diverse public
spaces. Structurally, the extra mass of the enlarged deck coincides with the more efficient
stays of greater vertical components; the logic of the load diagram matches the geometry
of the deck (Figures 11 and 12).

Figure 11. Top: the deck geometry in the plan widens from 6mts at the center to 11.4 m at the entry
points. Bottom: the load diagram places most of the mass closer to the abutments and onto the more
efficient stays.

Figure 12. Deck’s cross-sections at different instances: from left to right, entry points, quarter of span,
and at the center.

The concrete masts lean backward (29◦) and outwards (18◦) in permanent flexion.
They are integral to the abutments and blend in geometrically with the adjacent stone
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retaining walls. The failure of one backstay/anchorage was modelled as a worst-case
scenario; in such an event, the leaning concrete mass of each mast (42.5 metric tons) plays
an important balancing role. These aspects align to open the entry areas: the masts, with
their upward and outward gesture resemble ‘open arms’ (Figures 13 and 14). This also
highlights the importance of spatial experience and symbolic interpretation of the structure.

Figure 13. (a) Exposed stay attachments as ‘honest’ engineering themes. (b) Various activities were
observed in the wider areas of the deck, without interfering with the central pedestrian flow.

Figure 14. (a) Masts raising upwards and outwards resemble welcoming ‘open arms’. (b) Masts,
abutment walls, and foundations form an integral element.

3.3.1. Usage, Access, Comfort, and Image

Usage was registered through a comparative pedestrian counting (full crossings)
during the most popular weekend of the high season; first in January 2018, then in January
2019, and finally in January 2020 (January 2021 was omitted due to lockdown). The high
season was selected since a requirement of the project was to become an ‘attraction’. We
employed two assistants per abutment: 4 in 2018 and 2019 (old bridge), and 8 in 2020 (both
bridges), discreetly stationed on each sidewalk/side, counting only exiting pedestrians.
The counting took place from 7:00 a.m. until 12:00 a.m. for three consecutive days using a
mobile counting application. All nine days’ results are shown in Figure 15.
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Figure 15. Periods of activity relate to summer temperatures, decreasing during the hot afternoons and increasing during
the nights, and well into the next day.

Pedestrian activity increased for 2020, peaking consistently on Fridays and Saturdays,
except for the year 2018 (Saturday) due to unstable weather (drizzling but pleasant temper-
ature). Interestingly, not all users crossed the bridge; many would enter, take photographs,
observe, linger and return. We then employed one assistant per abutment to discount
“visitors” from “crossers”; therefore, more people than counted visited the immediacy of
the project.

3.3.2. Documentary Data

Reporting of the project in public media was classified as negative, neutral, and
positive. On the negative aspect, the project was criticized for not being an essential priority
in a town that lacks basic services in some areas [18], and for traffic and services disruptions
spanning two years [34,35] (Figure 16). The negative phase moved into the expectation
phase before completion, where reporting shifted to the nature of the project, its scale,
and its meaning. Imminent inauguration, coinciding with the high season, created some
positive coverage of the political dimension [36,37] (Figure 17). Finally, once inaugurated,
an element of novelty took place. Neutral reports that indirectly included the project as
a referential place started to appear, and several events and small rites were observed:
engagements, wedding photography, lovelocks, T.V. interviews, promotions, and a public
protest (Figure 18).
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Figure 16. (left to right) Road disruption during construction: the main source of negative reporting,
affecting pedestrian and bicycle traffic as well as key trunk services for almost two years. (Credit:
Left: From public television broadcast (Cordoba Governance); Centre and Right: reproduced with
permission from the author Mr. Mario Rojas (Centedario digital publication)).

Figure 17. (left) Political promotion during the inauguration ceremony. (center and right)
The bridge is used more as a public space. (Credit: Left: From public television broadcast
(Cordoba Governance)).

Figure 18. The project as a democratic venue: (left) Hairdressers’ marathon (charity event). (center)
Public protest on water management. (right) T.V. interviews using the bridge as a referential place.
(Credit: Left and Center: reproduced with permission from the author, Mr. Mario Rojas; Right: Still
from public television broadcast (Cordoba Governance)).

3.4. Fusing Structural and Spatial Considerations

Almost in all cases, the preferred structural solutions were also the higher scoring ones in
terms of spatial considerations. Good structural solutions tended to be financially reasonable: a
minor extra cost represented a significant increase in spatial value. This point is particularly clear
on the new public spaces: they play key roles in calming traffic, in defining a safe pedestrian
area, and in protecting the backstays against potential impacts. These spaces cannot be separated
from the bridge: they are part of the structure (Figure 19). The same logic extends to material
selection: the green islands’ edges are designed as continuous benches, but they are constructed
as reinforced concrete barriers.
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Figure 19. Pedestrian view looking towards the east precinct from 1
4 of the span.

This common ground between urban and structural design presented itself on each
composing aspect, from major features to the detail of smaller parts. Similarly, the larger area
of the project, which involved the design of promenades, parking bays, a bus stop, road/traffic
reconfigurations, light fittings, and green spaces, responded—and was guided—by the same
spatial/functional premise (Figures 20 and 21). It, therefore, represents a fusion of spatial and
structural considerations to become more than just a bridge but a place of encounter, crossing,
and reflection.

Figure 20. Ancillary works included traffic reconfiguration, parking, pedestrian crossings, public spaces, and promenades.
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Figure 21. The completed project was inaugurated in 2020, with the ‘old bridge’ partially visible
behind (upstream).

4. Discussion

4.1. Towards a Mutually Inclusive Approach to Infrastructure Planning and Design

Despite its short normal operational lifespan, essentially less than 3 months before
the COVID-19 lockdown, several interesting events occurred in and around the project. At
the same time, increased pedestrian traffic aligns with the main intention of equalizing
both halves of the central precinct: to bring life to the west bank. Two logics needed to be
fulfilled: the logic of urban design as manifested in successful public spaces and the logic
of efficient structural engineering. In this project, these arguments have proven to be the
same, suggesting that at no point does any design aspect reflect a trade-off or a compromise.
Sound structural solutions tended to be superior spatial solutions. This approach in which
infrastructure is public space requires a shift in perceptions: it implies that public space,
instead of infrastructure [38], is the medium that binds the city together, defined by the
constant combination of multiple components, including infrastructure. Therefore, the
importance of aligning and fusing structural efficiency and spatial considerations should
benefit under the more detailed understanding of urban design.

In the present case, the importance of coordination at the Municipal level, where
professional, scientific, and educational institutions participate, was central [9]. Secondly,
participatory design [10] became the vehicle through which design professionals sourced
contextual creative material. This also highlights the value of participatory design; both as
a means to give voice to the users of space but also as a reflective practice [11]. It also echoes
the importance of working with the place to find the value-adding role of each element
and member of the system towards evolutionary sustainability [39]. Lastly, due to the
self-evaluating possibilities embedded within the process, changes and reconsiderations
were possible, even during construction, which emphasizes the important role of adaptive
planning and design to enhance the quality of the built environment.

4.2. Aligning Technical and Spatial Thinking

For decades, authors have noted that creativity in the instruction of engineering is not
encouraged [40–43]. Leonhardt [44] suggested that the profession only attracted “persons
who have a talent for rationalism and logical thinking, but no sensitive feeling”. However,
the experience of this process tells otherwise: engineers are highly creative in technical
terms and resourceful when discussing various alternatives, which is often during the early
stages of project development and precisely when their participation is typically absent.
Creativity is thus not only limited during training as part of a critical foundation but also
systemically avoided during regulatory practice. As Christian Menn [45] points out, “The
most challenging aspect of a bridge engineer’s work is conceptual design”. If engineers are
not exposed to an ambit conducive to creative challenges, their work is relegated to the
‘engineering’ of a given project.
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On the other hand, urban designers considered themselves designers, mostly due to
their architectural backgrounds, but admittedly not trained—or interested—n technical
aspects of functional typologies. As opposed to engineers, their intuition for form and
balance is only superficially related to technical considerations, as it is not conceptualized
from such sources. Instead, designers are particularly good at identifying avenues of
creative thinking within the multiple issues touching urban projects, even political or
financial for instance. In this case, designers asked the ‘right’ questions, which triggered
engineers’ creativity with multiple answers/solutions. Thus, the combination of designer
and engineer is not merely a partnership set up to build; it is a method for interpreting
public and political interests to their ultimate physical solution. Arguably, this project
moved from being an engineering issue to an urban design one. It found no clear direction
as long as it was framed within technical boundaries. Only when considered from a wider
urban design perspective the appropriate answers start to present themselves; an approach
to design that is “not always about meeting the exact standards and having the right
answer” [46] (p. 265), but working with the story of the place and conscious interventions
in the right place to create system-wide effects [39].

This reiterates the importance of not only focussing on the product of urban design
but also the process. Focussing on the process has the potential to add significant value
in the Global South to acknowledge the specific context through the various dimensions
of placemaking, namely the spatial, procedural, and psychological dimensions [47]. The
spatial dimension was reiterated through the strong visual qualities of the structure and the
places created around the bridge. The procedural dimension was addressed through the
participatory design process. Finally, the psychological dimension has been acknowledged
through the positive responses by the users of the space. This allowed for the nuances of
language to allow meaning to be relayed in particular ways unique to the context, a way to
address the specific context of the Global South [48].

4.3. Key Considerations for Infrastructure

Whether the infrastructure is different from other types of urbanization has been
questioned [2]. The relation between its engineering nature and the spatial implications on
urban form, regions, or even countries, defines the concept of ‘infrastructure space’ [46].
This connection cannot be isolated because infrastructure is not an end in itself, nor is a
spatial vision possible without its supporting networks. Yet in South America, infrastruc-
ture represents primarily provision, prioritized, and politicized at all costs above other
components of the urban and natural environment. The implications, when understood,
are regrettably accepted as a fact-of-life, in which “one person’s infrastructure is another’s
person difficulty” [49]. Public space becomes an increasingly contested arena, where com-
ponents deriving from different disciplines find little coordination and coherence, or no
place at all.

It is, therefore, necessary to review infrastructural projects under the urban design
concern. This premise underlies the present case: the structural type promotes the diversity
of spatial features, but the type responds to a greater urban strategy. Such alignment
between structure and space suggests that professional specialization and regulatory
planning retain the underlying logic between these fields. After all, a bridge is a particular
case whose landmark significances, both figurative and literal, have not changed over the
years. Other typologies that had a structuring presence in the past, like water provision
and distribution, are now largely backgrounded. Conversely, underground stormwater
networks are surfacing with a strong image and structuring capacity. These types of
interventions highlight the potential of using infrastructure to increase a sense of place and
sustainability. A recent report by Cambridge University [50] (p. 13) emphasizes the role
that infrastructure can play towards place-making and greater sustainability: an example
from Cape Town is presented in which hard infrastructure (Bus Rapid Transit) is combined
with the creation of public spaces and facilities. At another level, a greater focus on green
infrastructure in cities can also support both the goals of sustainability and a sense of
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place [51]. If a balanced approach to public space design prevails, one in which all its
intrinsic components are encouraged to be in dialogue, we can expect to be on the right
track to a more meaningful urban environment.

5. Conclusions

Infrastructure planning tends to focus too much on function at the expense of spatial
quality. On the other hand, the planning professions tend to focus too much on regulation,
while urban designers are often only fixated on the product and its aesthetic qualities. This
article examined a specific urban design/infrastructure project in Argentina developed
by the Municipality of Villa Carlos Paz. The project involved the building of a pedestrian
bridge to address the divide between two central precincts in the city. The discussion
indicated that the project did not only connect the two parts of the city but also bridged
the gap between urban and structural design through the planning process, design, and
implementation of a project that was, under regulatory policies, unprovable. It also
illustrated the possibilities of achieving good results when the barriers of communication
and coordination—a key challenge of the Global South-are displaced to create space
for dialogue and collaboration: through a process-oriented approach based on inclusive
planning. This involves inclusivity at three levels: (1) including a focus on both the
product and process of urban design, (2) involving all the relevant professionals of the
built environment in all phases of the project to allow co-design, and (3) working with
municipalities, communities and the relevant stakeholders to enable a participatory design
that would address the context-specific issues towards appropriate placemaking in the
Global South. Restricted funding and fewer projects make it even more important than
the money spent on placemaking projects in the Global South should be able to create
accessible, useful, comfortable, and meaningful places.

The main role of inclusive planning centers on facilitating the alignment of design
logic arising from different professional fields and on guaranteeing a positive degree of
contextualization. At the same time, this approach to planning promoted the articulation
of the many voices’ concerns and ideas into genuine sources of creative thinking. The
fusion of urban and structural design shows the potential to increase the sense of place and
contribute to greater urban sustainability. What is promising, therefore, is the possibility of
integrated typologies that challenge the idea of infrastructure and public space as separate
components of the urban experience. Critical for the future of the built environment, such
an approach could also revitalize the declining relevance of the traditional public space
by attaching its design principles to the infrastructures of daily life. Given the increased
importance and multiple demands placed upon urban infrastructure, integrated spatial
planning represents an alternative for conceiving, developing, and enhancing projects both
functionally and spatially.
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Abstract: In the past decade, resilient cities (RCs) have gained extensive attention in academic and
political debates as a vision of urban futures. In particular, with the support of the Rockefeller
Foundation’s Resilient City 100 Program (RC100), a number of cities worldwide have pushed this
concept forward from theory to practice through their RC plans/strategies. However, there is
widespread doubt regarding how much this holistic idea of the future built environment contributes
to urban practice. After developing a scoring evaluation matrix based on the synthesis of existing
RC assessment frameworks, this review scrutinizes the plans, reports, city leaders’ speeches, official
websites and academic reviews of five representative resilient cities and investigates their motivations,
planning and achievements. The results demonstrate a huge theoretical and practical gap in RC: while
RC plans attempt to expand as comprehensively as possible from cities’ initially narrow motivations,
their achievements in implementation are limited. Although RC provides more holistic solutions
to the cities, the limited resources mean that cities have to prioritize their urgent issues in their
everyday practice. This paper calls for designating more feasible and specific features in RC visions
and maintaining regular alignments from planning to actions in future RC practice.

Keywords: resilient city; theory and practice; planning practice; future built environment; scoring
evaluation matrix; assessment framework; urban resilience; RC100

1. Introduction

With the increasing proportion of cities in human settlements, the giant and complex
system of cities has encountered increasing uncertainties and risks [1,2]. In the past two
decades, terrorist attacks, extreme weather, financial crises, global warming and other
crises have significantly impacted our vision of the future built environment. In the face of
various natural and human disasters, the vulnerability of cities has become a major problem
impeding sustainable urban development [3]. Resilient city (RC), a fashionable concept in
urban planning, emerged as an attempt to resolve this problem. Scholars aim to use this
concept to improve the resistance, recovery and adaptability of complex urban systems and
to enhance the predictability and guidance for urban planning [3–6]. Furthermore, after
years of advocacy and debates, cities have gradually adopted and translated RC into their
master plans, strategic plans and community plans [7–9]. In particular, with the support
of the Rockefeller Foundation’s Resilient City 100 Program (RC100) since 2013, a large
number of cities worldwide have pushed this concept forward from theory to practice
through their RC plans/strategies [10–13].

However, while many city authorities increasingly use the RC concept in envisioning
the future built environment, some scholars have questioned how much content of RC
can be implemented in reality and are concerned about the gap between its theory and
practice [14–17]. In contrast to the heated theoretical discussions, RC practice still has not
demonstrated convincing models. Some scholars have warned that RC may become an-
other fuzzy concept such as “sustainable development” in the hands of policymakers who
change RC policy standards flexibly according to different situations [18–20]. Empirical
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data also demonstrate that the same plan or urban policies can be interpreted selectively in
the implementation stage by different government agencies [9,20]. In essence, RC, as a sys-
tematic concept for future cities, can only have a positive impact on the built environment
if its multiple and integrated dimensions are considered. The limited achievements mean
that the initial comprehensive RC plans may not perform as well in reality as expected in
the planning.

Therefore, this research aims to explore the gap between the planning and imple-
mentation of RC through an analysis of the empirical data of five representative RC cities.
Although some individual RC cases have been critically reviewed and assessed [9,12,21–25],
the uniqueness of each city means that a systematic and comparative review of RC planning
and implementation is still needed. To fill this gap, this research compares the RC planning
and implementation of five cities using a newly synthesized scoring matrix evaluation
framework and detailed narratives of each city’s RC trajectory. This research attempts to
answer how the RC concept lands in urban practice on a global scale.

In the next sections, this paper first reviews the development of resilience in the
academic circles, particularly on its trajectory associated with cities. This is the theoretical
foundation for understanding the changes and mismatches of RC in theory and practice.
Second, five representative RC cities are selected as the resources of the empirical data. They
are analyzed through a comprehensive scoring evaluation matrix of 26 indicators in seven
clusters developed based on the grounded analysis of existing assessment frameworks.
The scored results are accompanied by the narratives of each case to demonstrate the
differences among the motivations, planning and achievements of representative RC
cities. This reveals that, although authorities usually make their RC plans inclusive and
comprehensive, the implementation is limited to easy or urgent parts. Through an in-depth
analysis of the relationship among motivations, planning and achievement, this study
demonstrates the contribution and constraints of RC for urban practice and suggests future
development directions.

2. Expanding Dimensions of the Resilient City

The concept of resilience first appeared in ecological scholarship in 1973, when C. S.
Holling used the term “resilience” to describe the ability of ecological systems to resist
and/or adapt to a particular disturbance and recover its normal functioning or state of
balance, which may set the initial baseline or a new situation [26]. This concept challenged
the then-dominant stable equilibrium theory in ecology, with an emphasis on non-linear
dynamics and uncertainty. It later extended to social systems to describe the interaction
between disturbance and reorganization in social-ecological synergies [27,28].

The concept of resilience was then introduced to the built environment, focusing on
the relationship between ecological systems in the city [29] and cities’ responses to natural
disasters [3,6]. The development of social resilience has motivated urban scholars to regard
cities as giant social-ecological systems, emphasizing integrated feedback of urban systems
and cross-scale dynamic interaction of urban elements [30]. RC research began to focus on
how the urban system achieves a new balance through the utilization, preservation, release
and reorganization of social cycles [31]. Along with public awareness shifting to financial
austerity, class conflicts and populist movements after the 2008 financial crisis, more schol-
ars have begun associating the RC concept with sociology, political science and economics
to seek new urban solutions related to social equality, political empowerment and economic
optimization [13,32,33]. Resilience’s connotation with dynamics, co-evolution and elasticity
makes this concept an ideal concept for dealing with unpredictable changes in the future
built environment. Considering the increasing corpulent content of RC, some scholars have
attempted to organize them into coherent frameworks [4,5,34]. For instance, Desouza and
Flanery proposed a resilient urban evolution mechanism based on a complex adaptive sys-
tem by simplifying the model of the interactive relationship between the urban system and
the agent as the two-element attributes of “materiality” and “sociality” [4]. However, these
attempts have not prevented the continuous expansion of the RC theory, particularly after
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the involvement of the wheeling-out power of NGOs, including the United Nations Office
for Disaster Risk Reduction, the World Bank and the Rockefeller’s Foundation [35,36]. A
recent review shows that the scope of RC is still continuously shifting and expanding in
academic discourse [37], tending to cover increasingly important aspects of the economy,
infrastructure, society and ecology for the future built environment.

3. Materials and Methods

3.1. Case Selection and Data Resources

This research selects five cities as empirical data to analyze the gap between the plan-
ning and implementation of RC, according to cities’ planning activities, data accessibility
and regional representativeness. First, each selected city has either specific RC plans or
at least a substantial part influenced by the RC concept in the city’s master or strategic
plans. As the concept of “resilience” is becoming increasingly popular in urban planning
and management, many city plans contain “resilient” content. For this research, at least a
designated section is needed to be regarded as a planning action for RC. Although almost
all RC100 cities contain a comprehensive RC plan as required in their RC100 participation,
this selection attempts to extend beyond the RC100 inventory to represent a more diverse
scope. Therefore, every selected city has at least one RC plan other than its RC100 plan.

Second, sufficient data can be retrieved to assess representative cities’ RC implemen-
tation. This part is more critical for this selection procedure, as implementation data are
usually more fragmented than planning documents. Four types of resources were retrieved
and synthesized for this assessment: cities’ official websites on their RC actions and achieve-
ments, recent academic reviews on specific cities’ RC practice, city leaders’ recent speeches
or interviews on RC and cities’ own review reports. News reports are generally excluded in
this assessment, as our preliminary study discovered that their links with resilience heavily
depend on journalists’ own interpretations. Admittedly, languages are a constraint in this
selection process, but the authors have tried their best to obtain access to all available data
with the help of Google Translate’s website translation service. The assessed documents
span from 2010 to September 2021, with a focus on the past three years.

As a result, the selected cities are London, Addis Ababa, Rotterdam, New York and
Surat (Table 1). This selection covers cities in different continents (Europe, North America,
Asia and Africa) and different developing stages (developed and developing countries).
It should be noted that only (at least regionally) large cities were selected because of the
scarcity of open data of smaller cities for this analysis.

Table 1. Representative RC Cities and Their Practice Data Resources.

City Planning Documents Implementation Data 1

London London Resilience Partnership Strategy 2020
London City Resilience Strategy 2020 (RC 100)

City Official Website: https://www.london.gov.uk/
Academic Reviews: [8,38]
City Leaders’ Speech: Deputy Mayor for Environment &
Energy Shirley Rodrigues’s Speech to Resilience First, 13
January 2021 [39]

Addis Ababa
Addis Ababa, Enhancing Urban Resilience
2015
Addis Ababa Resilience Strategy 2020 (RC 100)

City Official Website: https://resilientaddis.org/
Academic Reviews: [40–47]
City Leaders’ Interview: An interview with Chief Resilience
Officer [48]

Rotterdam Rotterdam Climate Change Adaptation 2013
Rotterdam Resilience Strategy 2016 (RC 100)

City Official Website: https://www.resilientrotterdam.nl;
https://www.rotterdam.nl
Academic Reviews: [9,12,24,49]
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Table 1. Cont.

City Planning Documents Implementation Data 1

New York

One NYC—A Stronger, more resilient New
York 2013
One NYC—The Plan for a Strong and Just City
2015 (RC 100)

City Official Website: https://www1.nyc.gov;
https://nyc-oem.maps.arcgis.com/
Academic Reviews: [25,50]

Surat Surat City Resilience Strategy 2011
Surat Resilience Strategy 2017 (RC 100)

City Official Website: https://www.suratmunicipal.gov.in/
Academic Reviews: [51–53]
Governmental Reviews: [54]

1 The accessing details of city official websites are available in Supplement S1.

3.2. Assessment Framework

To analyze the gap between the planning and implementation of RC, this research
establishes an assessment framework based on the comparison and synthesis of existing
assessment methods. Although relevant to and inspiring for the RC concept, current
assessment frameworks on similar concepts, such as “Goal 11 (sustainable cities and com-
munities) of the Sustainable Development Goals” [55] and “Disaster Resilience Scorecard
for Cities” [56], have different priorities and coverage for cities. Therefore, this research
principally focuses on the current assessment methods directly named after “resilient city”
or “city/urban resilience” to avoid further expansion of this research target.

Existing RC assessment frameworks primarily focus on two interactive directions:
process and content. The process framework focuses on the different stages of urban
resilience and usually uses flow maps to demonstrate the relationships between differ-
ent components [4,5,29,34]. This direction typically closely represents the nature of the
RC’s complexity, diversification, dynamic decision-making and uncertainty. However, its
complexity and ambiguity make it difficult to measure the empirical data. Second, content-
based frameworks include different ideas that can be associated with the enhancement of
urban resilience. This direction is usually summarized in an indexed evaluation system that
attempts to quantify each indicator that represents an idea. Through the standardization
and weighting of the index data, the results of the superimposed index data are used
as the standard for evaluating urban resilience [57]. However, it is difficult to reach a
consensus on how to determine the weights of indicators within a complex system. In
particular, different cities encounter different environmental challenges, which hinders
unified standardization and weighting to adapt to different environments. Instead of
standardization within predetermined structures, this research uses a grounded approach
to build an RC assessment framework based on the synthesis of existing content-based
assessment frameworks [58,59]. This enables this research to assemble a comprehensive
framework to cover as many aspects of RC-related contents as possible.

The analyzed resources cover the most cited literature on RC assessment in academic
databases (Web of Science, Scopus and Google Scholar) as well as the widely applied
assessment methods in city plans. It should be noted that two types of assessment literature
were excluded from this synthesis but used as supplementary references. The first type
includes assessment frameworks that focus only on specific aspects of RC, e.g., community
disaster mitigation [60] and the relationship between ecology and planning [29]. The
second is the frameworks’ scope that is too broad to assess the RC practice. Acknowledging
that many indicators (e.g., GDP per capita, employment rate and crime rate) can be
linked to RC assessment, this research contends that it is still difficult to determine their
exact contribution to RC practice. As a result, this research selects and compares five
representative assessment frameworks [3,5,61–63] and lists their contents pertaining to RC
in detail (Table A1).

After combining similar ideas, a 26-indicator table is created as the evaluation matrix
to assess different aspects of the planning and implementation of RC (Table 2). Further-
more, a grounding method [64] is used to categorize the indicators into seven sections:
public participation, social service, robust economics, hazard management, institutional
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optimization, physical/engineering and natural enhancement. Instead of dividing RC into
equally balanced aspects (e.g., social-physical [4] or economic, environmental, security,
social and political [63]), this categorization aims to provide groups of ideas pertaining
to RC for easier understanding in the later analysis. Therefore, clustering is loosely gath-
ered depending on the closeness and commonality of the listed indicators. The matrix of
indicators represents a broad but assessable scope of RC for envisioning the future built
environment. This summary lays the foundation for the analysis of selected RC cases.

Table 2. RC Assessment Framework.

Clusters Indicators

Public Participation (PP)

1. Educate developers and the public about hazard
mitigation
2. Encourage community involvement and citizen
participation
3. Collective learning process from past urban hazards

Social Service (SS)

4. Enforce security and laws to reduce crimes
5. Set ensured human security for providing basic living
needs
6. Assist vulnerable neighborhoods and populations
(increase social equity)
7. Enhance robust public health systems and emergency
medical care

Robust Economics (RE)

8. Diversify livelihoods that can mitigate business
interruption impacts
9. Adopt sustainable economic initiatives
10. Use/facilitate alternative energy (e.g., solar and wind to
reduce greenhouse gas emission)

Hazard Management (HM)

11. Identify, monitor and assess hazards and vulnerability
12. Land use and planning management for natural
hazard-prone areas
13. Enhance building hazard resistance by appropriate
construction regulations
14. Build effective emergency response services/initiatives

Institutional Optimization (IO)

15. Increase capacity of governmental institutions through
wide collaboration
16. Adopt a flexible planning system and adaptive design
process
17. Employ agile city management for uncertainty and
challenges
18. Effective coordination with other government bodies

Physical/Engineering (PE)

19. Set robust protective infrastructure with regular
maintenance
20. Build/optimize a distributed or decentralized hazard
mitigation system
21. Build/enhance reliable ICT infrastructure
(communication network)
22. Use/optimize a sustainable urban form
23. Optimize diverse, effective, affordable, sustainable
transport

Natural Enhancement (NE)

24. Conserve, manage and protect ecosystems
25. Optimize urban blue-green ecological networks within
compact cities
26. Maintain diversity in biological systems

This assessment framework uses a scoring system to measure each indicator in later
analysis: 3 indicates that this point is well elaborated in planning or largely put into city
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actions; 2 indicates that this idea is partially included in planning proposals or practiced to
some extent; 1 indicates that only a limited part of this point is mentioned in the planning
stage or very little is realized in terms of implementation; 0 denotes that this point is not
mentioned or achieved at all. Compared with its existing counterparts, this assessment
framework not only has a wider coverage of most aspects that cities have planned and
practiced pertaining to RC but also demonstrates a relatively feasible approach to measure
each indicator in the framework.

3.3. Comparison and Narratives of Empirical Data

For the analysis of each city, this research focuses on the comparison of three aspects:
motivations, planning and achievements. First, early-stage documents are traced to reveal
the initial motivations for adopting the RC concept or participating in the RC100. This
part aims to answer why this city started to use the concept of resilience in its city plan-
ning and management, particularly before the formal names of the plans included the
term resilience. Second, this research uses the assessment framework to determine the
content coverage of two selected RC plans for each city (the planning documents column
in Table 1). This section aims to discover what is envisioned in cities’ plans when the RC
concept is introduced as well as their priorities in these strategies compared with earlier
motivations. Thirdly, achievements are summarized in the same framework using synthe-
sized information resources. Admittedly, it is difficult to check every detail of the city’s
achievements. The synthesis of multiple data (the achievement data column in Table 1)
can at least identify the key areas that selected cities have achieved under the RC concept.
To make the cross-city data comparable, this research set the same standard for assessing
achievement data for each city: only the ideas that have been translated into projects,
policies, funds or programs with real actions and named after or described as “resilient”
are accounted as the achievements. Besides, implementation actions before the RC plans
can still be regarded as achievements if they are officially associated with the RC concepts.

It should be noted that this scoring criteria principally focuses on the scope that the
RC practice has covered but cannot quantify to what extent one specific idea has been
realized. Some large gaps in the degree of implementation are discussed as narratives of
each city’s RC journey to additionally support conclusions. Furthermore, this research
briefly compares the narratives of each city from initial motivations to implementation and
highlights some controversial indicators.

4. Results

This research employs the scoring evaluation matrix developed in Section 3.2 to assess
every indicator in the most representative RC plan, RC 100 plan and planning achievements
of each city. The detailed scoring basis is available in Supplement S1 for each number. This
resulting matrix (Table 3) provides comparable and computable data between planning and
achievements, as well as among different cities, as the foundation to analyze RC planning
and achievements.

165



Land 2021, 10, 1319

T
a

b
le

3
.

Sc
or

in
g

re
su

lt
s

of
re

pr
es

en
ta

ti
ve

ci
ti

es
’R

C
pl

an
ni

ng
an

d
ac

hi
ev

em
en

ts
.

Clusters

No.

Indicators

L
o

n
d

o
n

A
d

d
is

A
b

a
b

a
R

o
tt

e
rd

a
m

N
e

w
Y

o
rk

S
u

ra
t

AverageScore

ScoreStandardDeviation

LondonResiliencePartnershipStrategy2020

LondonCityResilienceStrategy2020(RC100)

LondonRCAchievements

AddisAbaba,EnhancingUrbanResilience2015

AddisAbabaResilienceStrategy2020(RC100)

AddisAbabaRCAchievements

RotterdamClimateChangeAdaptation2013

RotterdamResilienceStrategy2016(RC100)

RotterdamRCAchievements

OneNYC-AStronger,MoreResilientNewYork2013

OneNYC-ThePlanforaStrongandJustCity2015(RC100)

NewYorkRCAchievements

SuratCityResilienceStrategy2011

SuratResilienceStrategy2017(RC100)

SuratRCAchievements

PP

1
Ed

uc
at

e
de

ve
lo

pe
rs

an
d

th
e

pu
bl

ic
ab

ou
th

az
ar

d
m

it
ig

at
io

n
3

3
0

2
3

1
2

2
3

0
2

3
2

2
2

2.
00

0.
97

2
En

co
ur

ag
e

co
m

m
un

it
y

in
vo

lv
em

en
ta

nd
ci

ti
ze

n
pa

rt
ic

ip
at

io
n

3
3

2
2

3
1

3
3

3
3

3
2

1
2

2
2.

40
0.

71

3
Le

ar
n

co
lle

ct
iv

el
y

fr
om

pa
st

ur
ba

n
ha

za
rd

s
1

0
2

2
1

2
2

0
0

0
0

0
3

3
1

1.
13

1.
09

SS

4
En

fo
rc

e
se

cu
ri

ty
an

d
la

w
s

to
re

du
ce

cr
im

es
0

1
1

1
0

1
0

3
0

0
0

0
0

1
2

0.
67

0.
87

5
Se

te
ns

ur
ed

hu
m

an
se

cu
ri

ty
fo

r
pr

ov
id

in
g

ba
si

c
liv

in
g

ne
ed

s
0

1
1

2
3

1
0

0
0

1
2

0
1

2
0

0.
93

0.
93

6
A

ss
is

tv
ul

ne
ra

bl
e

ne
ig

hb
or

ho
od

s
an

d
po

pu
la

ti
on

s
(i

nc
re

as
e

so
ci

al
eq

ui
ty

)
0

1
0

0
1

0
1

0
1

2
2

1
1

2
0

0.
80

0.
75

7
En

ha
nc

e
ro

bu
st

pu
bl

ic
he

al
th

sy
st

em
s

an
d

em
er

ge
nc

y
m

ed
ic

al
ca

re
0

0
0

1
3

2
1

2
0

3
1

0
2

2
2

1.
27

1.
06

R
E

8
D

iv
er

si
fy

liv
el

ih
oo

ds
th

at
ca

n
m

it
ig

at
e

bu
si

ne
ss

in
te

rr
up

ti
on

im
pa

ct
s

0
2

2
0

2
1

0
2

1
1

2
2

0
2

0
1.

13
0.

88

9
A

do
pt

su
st

ai
na

bl
e

ec
on

om
ic

in
it

ia
ti

ve
s

0
0

3
2

3
2

3
3

0
1

0
0

0
0

2
1.

27
1.

29

10
U

se
/f

ac
ili

ta
te

al
te

rn
at

iv
e

en
er

gy
(s

ol
ar

,w
in

d,
et

c.
to

re
du

ce
gr

ee
nh

ou
se

ga
s

em
is

si
on

)
0

1
1

3
3

2
0

3
3

1
0

0
3

2
0

1.
47

1.
26

166



Land 2021, 10, 1319

T
a

b
le

3
.

C
on

t.

Clusters

No.

Indicators

L
o

n
d

o
n

A
d

d
is

A
b

a
b

a
R

o
tt

e
rd

a
m

N
e

w
Y

o
rk

S
u

ra
t

AverageScore

ScoreStandardDeviation

LondonResiliencePartnershipStrategy2020

LondonCityResilienceStrategy2020(RC100)

LondonRCAchievements

AddisAbaba,EnhancingUrbanResilience2015

AddisAbabaResilienceStrategy2020(RC100)

AddisAbabaRCAchievements

RotterdamClimateChangeAdaptation2013

RotterdamResilienceStrategy2016(RC100)

RotterdamRCAchievements

OneNYC-AStronger,MoreResilientNewYork2013

OneNYC-ThePlanforaStrongandJustCity2015(RC100)

NewYorkRCAchievements

SuratCityResilienceStrategy2011

SuratResilienceStrategy2017(RC100)

SuratRCAchievements

H
M

11
Id

en
ti

fy
,m

on
it

or
,a

nd
as

se
ss

ha
za

rd
s

an
d

vu
ln

er
ab

ili
ty

3
3

3
3

3
2

3
2

2
2

1
2

3
3

2
2.

47
0.

62

12
Bu

ild
ef

fe
ct

iv
e

em
er

ge
nc

y
re

sp
on

se
se

rv
ic

es
/i

ni
ti

at
iv

es
3

1
3

3
3

2
1

1
0

3
1

2
0

0
2

1.
67

1.
14

13
En

ha
nc

e
bu

ild
in

g
ha

za
rd

re
si

st
an

ce
by

ap
pr

op
ri

at
e

co
ns

tr
uc

ti
on

re
gu

la
ti

on
s

1
3

2
1

3
0

3
2

2
3

3
3

1
2

0
1.

93
1.

06

14
La

nd
us

e
an

d
pl

an
ni

ng
m

an
ag

em
en

tf
or

na
tu

ra
l

ha
za

rd
pr

on
e

ar
ea

s
0

0
0

2
1

0
0

0
1

3
1

2
3

0
2

1.
00

1.
10

IO

15
In

cr
ea

se
ca

pa
ci

ty
of

go
ve

rn
m

en
ta

li
ns

ti
tu

ti
on

s
by

w
id

e
co

lla
bo

ra
ti

on
3

0
2

2
2

2
3

3
3

3
1

2
2

1
0

1.
93

1.
00

16
A

do
pt

a
fle

xi
bl

e
pl

an
ni

ng
sy

st
em

an
d

ad
ap

ti
ve

de
si

gn
pr

oc
es

s
0

3
1

1
1

0
2

1
0

2
1

0
0

0
0

0.
80

0.
91

17
Em

pl
oy

ag
ile

ci
ty

m
an

ag
em

en
tf

or
un

ce
rt

ai
nt

y
an

d
ch

al
le

ng
es

2
3

0
1

1
1

3
2

1
0

0
1

0
0

0
1.

00
1.

03

18
Ef

fe
ct

iv
e

co
or

di
na

ti
on

w
it

h
ot

he
r

go
ve

rn
m

en
t

bo
di

es
3

3
0

2
2

2
3

3
3

2
1

2
2

1
0

1.
93

1.
00

PE

19
Se

tr
ob

us
tp

ro
te

ct
iv

e
in

fr
as

tr
uc

tu
re

w
it

h
re

gu
la

r
m

ai
nt

en
an

ce
0

3
2

2
2

2
3

3
2

3
3

3
3

3
3

2.
47

0.
81

20
Bu

ild
/o

pt
im

iz
e

di
st

ri
bu

te
d

or
de

ce
nt

ra
liz

ed
ha

za
rd

m
it

ig
at

io
n

sy
st

em
2

3
2

0
0

0
0

0
1

2
2

2
1

2
1

1.
20

0.
98

167



Land 2021, 10, 1319

T
a

b
le

3
.

C
on

t.

Clusters

No.

Indicators

L
o

n
d

o
n

A
d

d
is

A
b

a
b

a
R

o
tt

e
rd

a
m

N
e

w
Y

o
rk

S
u

ra
t

AverageScore

ScoreStandardDeviation

LondonResiliencePartnershipStrategy2020

LondonCityResilienceStrategy2020(RC100)

LondonRCAchievements

AddisAbaba,EnhancingUrbanResilience2015

AddisAbabaResilienceStrategy2020(RC100)

AddisAbabaRCAchievements

RotterdamClimateChangeAdaptation2013

RotterdamResilienceStrategy2016(RC100)

RotterdamRCAchievements

OneNYC-AStronger,MoreResilientNewYork2013

OneNYC-ThePlanforaStrongandJustCity2015(RC100)

NewYorkRCAchievements

SuratCityResilienceStrategy2011

SuratResilienceStrategy2017(RC100)

SuratRCAchievements

21
En

ha
nc

e
re

lia
bl

e
IC

T
in

fr
as

tr
uc

tu
re

(c
om

m
un

ic
at

io
n

ne
tw

or
k)

1
1

1
0

3
2

2
3

3
3

0
0

0
0

0
1.

27
1.

24

22
O

pt
im

iz
e

su
st

ai
na

bl
e

ur
ba

n
fo

rm
0

1
0

0
2

2
3

2
0

0
0

0
2

1
0

0.
87

1.
02

23
Pr

ov
id

e
di

ve
rs

e,
ef

fe
ct

iv
e,

af
fo

rd
ab

le
,s

us
ta

in
ab

le
tr

an
sp

or
t

0
0

1
3

3
3

0
0

0
3

1
1

3
3

2
1.

53
1.

31

N
E

24
C

on
se

rv
e,

m
an

ag
e,

an
d

pr
ot

ec
te

co
sy

st
em

s
0

0
0

1
3

2
0

3
1

2
0

1
0

3
1

1.
13

1.
15

25
O

pt
im

iz
e

ur
ba

n
bl

ue
-g

re
en

ec
ol

og
ic

al
ne

tw
or

ks
w

it
hi

n
co

m
pa

ct
ci

ti
es

0
2

2
0

2
2

3
3

0
2

1
2

2
2

1
1.

60
0.

95

26
M

ai
nt

ai
n

di
ve

rs
it

y
in

bi
ol

og
ic

al
sy

st
em

s
0

0
1

0
2

0
1

1
2

0
0

0
0

0
0

0.
47

0.
72

Sc
or

in
g

C
ri

te
ri

a:
3

=
W

el
le

la
bo

ra
te

d
/

p
ra

ct
ic

ed
;2

=
P

ar
ti

al
ly

in
cl

u
d

ed
/

p
ra

ct
ic

ed
;1

=
M

en
ti

on
ed

/
p

ra
ct

ic
ed

to
a

lim
it

ed
ex

te
nt

;0
=

N
ot

m
en

ti
on

ed
or

p
ra

ct
ic

ed
at

al
l.

Fo
r

a
be

tt
er

vi
su

al
iz

at
io

n,
th

e
ce

ll
w

it
h

th
e

hi
gh

er
va

lu
e

is
as

si
gn

ed
w

it
h

da
rk

er
co

lo
r.

168



Land 2021, 10, 1319

4.1. Different Focuses

The assessment results of five representative RC cities (Table 1) demonstrate that
indicators are not equally treated in RC planning and implementation. Furthermore, cities
also focus on what is more urgent and necessary for their urban development.

First, different indicators were weighed variously in the planning and implementation
procedures. The diverse average scores of each indicator in Table 1 show that the ideas
that scholars associate with the RC concept are treated drastically differently in the five
cities. The high average scores and low standard deviation of some indicators in Table 3
mean some ideas have reached wide consensus in both RC planning and implementation,
such as No. 2 “Encourage community involvement and citizen participation”, No. 11
“Identify, monitor, and assess hazards and vulnerability” and No. 19 “Set robust protective
infrastructure with regular maintenance”. These ideas are widely accepted in almost
every RC-related plan and are implemented widely in practice. In contrast, some widely
discussed ideas are largely ignored in cities’ actions. To illustrate, No. 4 “Enforce security
and laws to reduce crimes” is only elaborated in Rotterdam’s RC100 plan but is surprisingly
not mentioned at all in its RC plan or its implementation. Furthermore, No. 16 “Adopt
flexible planning system and adaptive design process” is an important approach to realize
London’ resilience but is almost entirely ignored elsewhere. In addition, No. 26 “Maintain
diversity in biological systems” has been widely discussed in academic discourse and in
the policymaking of RC [61,65] but has been ignored in practice. Although some ideas
have been eagerly included as part of the RC concept in academic circles, cities do not
have much interest in linking them with resilience. For instance, enhancing biodiversity is
a critical component in London metropolitan planning and governance policies through
London plans and various urban greening guides and funds [66,67], but it is not included
in any of London’s RC plans at all.

Second, even regarding the same idea, five cities have different approaches toward
including them as a part of their RC trajectory. Since the random allocation of the 0–1–
2–3 scoring numbers has a standard deviation of 1.12, the high score standard deviation
numbers (>1.2 in the column of standard deviation in Table 3) indicate that these indicators
are highly polarized in urban practice. Addis Ababa and Surat elaborated No. 23. “Provide
diverse, effective, affordable, sustainable transport” in their plans and take real actions
in their urban development (relatively high achievement score in Table 3). In contrast,
Rotterdam never associates its excellent public transportation system with the RC concept
in an official tone [68]. This huge divergence between cities is also observed regarding
No. 9 “Adopt sustainable economic initiatives”, No 10 “Use/facilitate alternative energy
(e.g., solar and wind to reduce greenhouse gas emission)” and No. 21 “Enhance reliable
ICT infrastructure (communication network)”. Because cities are in different development
stages, every city encounters distinctive urgent problems related to the next step of urban
development. For instance, globally top cities (London and New York) merely interpret the
RC concept in their own ways for urban practice and keep this concept slim in their city
plans, while cities in developing countries (Addis Ababa and Surat) made ambitious plans
to seize the opportunities for urban development. This means it is an impossible task to
build a universal consensus for RC practice.

4.2. Broader Scope in Encounter with the RC100 Program

Comparing the two plans on RC, the RC100 plans generally have a wider scope than
the city’s own RC plans. Figure 1 graphically illustrates and presents the average scores of
each cluster in the planning and implementation of five cities and shows the comparison
among different cities and within the same city. This shows that the scope of planning has
expanded with the intervention of the RC100 program. The only exception is New York,
whose RC plan developed immediately after 2012 Hurricane Sandy has a wider scope than
its 2015 plan. As the most prosperous and powerful metropolitan in the world, New York
does not care for sponsorship from the RC100 program. Although linked to RC100’s official
website as a key example, “One New York: The Plan for a Strong and Just City” seems like
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a perfunctory submission for the Rockefeller’s Foundation since it is the only plan without
any indication of its RC100 participation.

Figure 1. Clusters of focus in five representative cities. (The scores are the average scores for each cluster of each city based
on the data in Table 3).

All of the other four RC plans have expanded their scopes, particularly regarding
the Robust Economics cluster and the Natural Enhancement cluster (Figure 1). Rotterdam
and Addis Ababa included the term resilience in their plans’ names years before the RC
concept emerged for its water-centered climate change policies and economic re-orientation,
respectively [9,69]. However, the RC100 program accelerated its original trajectory to a
wider coverage [12,70,71]. While Rotterdam’s own RC plan in 2013 focused on the analysis
of and potential solutions to five typical hazards, its RC 100 plan in 2016 extended to an all-
encompassing plan that attempted to solve wide social, economic and ecological problems.
The most comprehensive plan (highest average score of 2.15)—Addis Ababa Resilience
Strategy 2020—puts forward three pillars, 13 goals and 48 actions to build a “thriving,
safe, intelligent, green and healthy resilient city” [70]. Similarly, when the RC100 program
came to London, both the LRF and Mayor’s Office for Policing and Crime (MOPAC)
proposed different plans [8]. The MOPAC proposal to tackle cyber-crime and emerging
digital threats was selected by political authorities in 2014 [72]. However, the lengthy
preparation of London’s RC plan has changed its initial narrow goal to a much broader
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scope: traditional disaster mitigation and management have been gradually expanded
by a more encompassing vision of climate-change adjustment; MOPAC’s cyber-security
issues have been expanded to more general social services; and some ideas on flexible
planning and design processes and infrastructure maintenance were added. Plans on the
encouragement of the RC100 program have become increasingly comprehensive with the
ambition to solve more problems.

4.3. Gap between Planning and Implementation

The scope of implementation in reality is usually lower than the content of planning
in both city-level (Figure 1) and indicators’ comparison (Figure 2). Because this assessment
only measures the scopes of RC planning and implementation, the real gap in achievements
may be even wider. Figure 2 shows that the scope of most indicators is lower in implemen-
tation, particularly for two clusters: Social Service and Institutional Optimization (marked
with dotted boxes in Figure 2). Three indicators in Social Service—No. 5 “Set ensured
human security for providing basic living needs”, No. 6 “Assist vulnerable neighborhoods
and populations (increase social equity)” and No. 7 “Enhance robust public health systems
and emergency medical care”—represent the ideas that are easy to claim but difficult to im-
plement in reality. Although everyone knows that they are important for the whole society
and can significantly boost urban resilience, they require a long-term effort with sufficient
financial and labor resources. Similarly, for the three points in Institutional Optimization, it
is not easy to change the existing planning, design and governance systems within a short
period as RC achievements.

Figure 2. Comparison between the planning and achievements of each indicator. (The average scores are calculated based
on the ten RC plans and five cities’ achievements for each indicator of the data in Table 3).

Another reason for this gap is that cities prioritize their urgent problems. For instance,
both the 2003–2013 structure plan and the 2015 resilient strategy of Addis Ababa allocated
a large area of swampy land for flood retention and urban agriculture as an important
RC action. However, a so-called “master plan reconciliation” committee of the city ad-
ministration decided to use the same land for condominium houses. Open areas in the
catchment now mainly consist of “residential green space”, which implies that they were
occupied by informal residents [45]. In the short term, Addis Ababa’s housing problem
is more urgent than disaster mitigation issues for city authorities. On the one hand, the
RC concept helps cities to identify various uncertain risks that cities may encounter by
building a complete evaluation structure to prevent blind spots in urban development;
on the other hand, municipal authorities must choose the priority of urban development
under such a broad plan when resources are limited. Therefore, as shown in Table 3, the
implementation content often corresponds to the more urgent parts of cities’ needs.
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5. Discussion: What RC Brings for Urban Practice?

The assessment results show that RC, as a changing and expanding concept in aca-
demic discourse, may not have as considerable of an impact on innovative urban practice
as has been claimed. This section critically reflects on the positive features that RC brings
to practice and the constraints that prevent good ideas of RC from translating into the
improvement of the built environment.

There is no doubt that the RC concept creates a platform for different stakeholders
in cities to communicate regarding topics related to resilience [8,73]. In all cases, the
journey of making RC plans is a process of building networked governance on strategic
mapping of a clear policy and, therefore, setting a clearer agenda with various stakeholders.
The forums, workshops and consulting meetings for RC plans are shared platforms to
collectively consider the future mode of the built environment in the age of uncertainty.
Practitioners benefit from using the RC concept because it empowers the local level to act
horizontally against top-down actions. Furthermore, powerful international organizations
facilitate intercity sharing for effective and feasible actions on a global scale with financially
stimulating initiatives. The RC concept provides a framework for holistically assessing
the vulnerability of cities, gaining an opportunity to gather fragmented bureaus and
departments to respond to urban challenges together and generating an imaginary knotting
point for the future built environment for the general public.

Another noticeable feature of RC is city branding. For many cities, the adoption
of RC practice represents a political commitment of city municipalities to post-disaster
recovery [50] or is featured in their advertisements for attracting foreign investments and
tourists [73,74], regardless of whether the actions have been successfully implemented in
reality. The post-Sandy political pressure forced New York to use “resilience” to name its
new governance framework, which creatively recalibrated its new and old elements [50].
Ironically, when the most emergency post-storm time passed, New York sought new
fashionable labels to substitute the old branding, and RC became a merely specific term for
hazard management and flood-related infrastructure (see Supplement S1). Furthermore,
for many well-performing cities, RC is a new way to enshrine their advancements among
cities and to brand them in a new manner to the general public. For instance, many
of Rotterdam’s iconic RC achievements (e.g., green roof and water plaza) have been
completed or were at least in good progress before the RC concept was introduced to
its city plans [24,49]. Similarly, in London, the RC concept has been mainly used for
assembling and extolling a number of existing programs instead of bringing new ideas to
change the current city planning and development trajectory. Furthermore, RC plans can
be an ambitious agenda beyond urban development, such as seeking geopolitical impacts
in Addis Ababa. Mayor Diriba Kuma asserted in establishing its RC office [48]: “We want
the city to be a model for the region. Addis has already been a leader in promoting climate
resilience and green economy and holds a track record of championing resilient initiatives
. . . ” Its Resilient City Office became a propaganda agency to spread the city’s achievements
that can be linked with RC. Critics argue that the active planning actions in Addis Ababa,
including RC plans, represent a propaganda model by the federal government to pursue
its geopolitical ambition and influence other countries in the Horn of Africa [75]. Some
indicators’ wider scopes in implementation compared to planning in Table 1 show that
five cities are enthusiastic in advertising some specific resilient-related achievements for
city-branding purposes.

However, the shared platform inevitably broadens the scope of the RC concept in
practice, as stakeholders tend to input their understanding into RC plans. Furthermore,
city branding narratives often ignore the many nuances that RC research initially aims to
achieve and merely focus on the positive image for the general public, regardless of its
feasibility and effectiveness [73]. Similar to many concepts in planning, the RC concept has
become increasingly vague and broad in practice and can be interpreted and implemented
differently for stakeholder needs [76]. More precisely, the five cities started their journey
of resilience from a relatively small scope of urgent and local problems such as sudden
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natural disasters or recognized long-term threats (see more details in Supplement S1).
New York and Surat responded with their planning actions to the 2012 Hurricane Sandy
and the devastating 2006 Surat flood, respectively [50,77]. Rotterdam’s location in the
low delta area motivates its preparation for climate change, particularly for the sea-level
rise [9]. Metropolitan complexity drives London to form the London Resilience Forum
(LRF), a network of public and private partners, to prepare for natural hazards and critical
infrastructure failure [8]. These motivations have been gradually expanded in the planning
stage when more stakeholders were involved and more visions were included, particularly
with the intervention of the RC100 program. The meaning and vision of resilience for cities
will continue to morph in urban practice, especially as practitioners incorporate their own
interpretations and imagination along the way [78]. Although scope expansion itself is not
a problem, it amplifies the gap between planning and implementation, as demonstrated in
Figure 1.

Therefore, there are concerns that the concept of RC will become an empty signifier in
the discourse of the future built environment, as like what happened to “sustainable city”,
“creative city”, and “smart city” [18,79–81]. As Therrien et al. observed in London practice,
the “diversity of issues makes it difficult to develop a clear set of interconnected priorities
on resilience that reflects a convergence of interests among organizational stakeholders” [8]
(p. 7). All claims in the name of RC seem to be an all-winning process, but in many cases,
there is an unbalanced consequence that needs to identify winners and losers or those who
obtain more privileges in the resilience actions. It would definitely be disappointing if RC
is only an umbrella word that merely builds a holistic image of cities and gains wider social
support instead of real inspirations for practice. Our assessment results demonstrate that
the RC practice actions that are implemented in reality are closely associated with cities’
urgent problems rather than how resilient these actions can be for the cities.

6. Conclusions

With the help of the scoring evaluation matrix, this study assessed and analyzed five
representative cities’ practices from planning to implementation. The results demonstrate
that the RC concept is usually interpreted with different focuses depending on the city’s
own needs when it lands on practice. Although cities’ initial motivations for resilience were
usually narrow, the shared platform that this concept entails and the city branding trend in
practice easily triggers plans to expand as comprehensively as possible, particularly with
the intervention of the RC100 Program. The holistic solutions that the RC concept aims
to offer to cities always encounter difficulties in the implementation process because the
limited resources, particularly in the post-2008 austerity governance, mean that cities can
only prioritize their urgent issues in their everyday practice.

Therefore, this paper calls for scholars to pay more attention to researching feasible
and specific features of RC that can optimize our future built environment. Instead of
adding more content or mapping complex networks of a large collection of components
in the name of RC, it is more important to elucidate the contribution of specific features
to building our urban futures in the grand narrative of RC. In urban practice, regular
alignments from planning to implementation are more important in RC practice than
proposing one or another unachievable city-branding plan. If the destination of RC is not
clear enough, the deleterious dimension of resilience may secretly do the evil rather than
bounce back after disturbance, as expected in reality [15,38].
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.3390/land10121319/s1, Supplement S1: RC Assessment Raw Data for five representative cities.
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Abstract: Cities nowadays are the most significant source of environmental degradation threatening
local and global ecosystems. Interestingly, many ancient settlements present excellent lessons and
inspiration for addressing our current urban predicaments, given their environmental stewardship.
This research explores how the ecologically embedded settlement patterns, building configurations,
urban agriculture and home gardening, and water conservation of the Maya-built environment can
offer insights about mitigating contemporary urban sustainability challenges. Mayans’ respect for
nature not only guaranteed sustainable habitats but also engendered one of the most remarkable
civilizations in a region that did not offer generous support for human accommodation. The Mayan
world view promoted the idea of one spirit dwelling in all humans and other-than-human entities in
an environment, making everything sacred and kin to everything else. The regional climate was kept
under control by protecting the vegetation that also provided other ecological benefits. Land use
was mixed, and residences were constructed with native and recyclable materials utilizing natural
light and ventilation. The Mayan civilization inspires us to manage and protect plants, not cut them
down; conserve water, not waste it; listen to the environmental feedback, not reject it; and, most
importantly, it begs us to embrace nature as our own mother, not disown it as something dispensable.
These principles have significant implications on urban land-use planning and policies today.

Keywords: ecological embeddedness; environmental sustainability; cities; home gardens; Maya;
settlement pattern; urban agriculture; water conservation

1. Introduction

The literature strongly suggests that cities today are the major cause of adverse envi-
ronmental impacts globally, which negatively affect them and the wider landscapes [1–4].
Cities are expected to account for 68% of the global population by 2050, with land consump-
tion outpacing population growth by as much as 50% [5]. This sprawling development
pattern has deleterious impacts on the ecosystem, especially biodiversity. The ecological
dis-embeddedness of cities, which has divorced people and their activities from the local
and regional environments, is among the causes of environmental degradation [6–10]. This
has left many societies without concrete guidance that could be drawn from the context of
which they are a part. Many scholars have studied this grave situation regarding modern
cities and proposed the idea of a different and a better kind of habitat [11–15]. It is now
becoming evident that healthy habitats can only be reformulated through developing
respect for nature, which can be accomplished by learning lessons from the ecological
embeddedness of ancient settlements [16–18].

To explore the past with an intention to seek inspiration for current and future cities,
this paper surveys the Mayan built environment, investigating how the settlement pattern,
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building configurations, urban agriculture and home gardening, and water conserva-
tion were ecologically embedded. The paper then discusses some important lessons for
contemporary-built environments to help mitigate their environmental sustainability chal-
lenges. Can we look at the past to reconceive our present and future cities? While some
scholars, such as Campbell [13], argue that it would be less relevant, several others opine
that exemplary instances of ecological embeddedness and sustainable practices regarding
the built environment can be found in past civilizations for us to think about and possibly
adapt for the benefit of the present and future generations [6,7,19,20].

Ecological embeddedness is the concept of identifying with the ecosystem of any given
region and adhering to the principles of conservation, respect, and reciprocity implemented
for the betterment of all stakeholders [21]. The concept consists of an evolving knowledge
that is “transgenerational, transcultural, trans-philosophical, and transdisciplinary”, gath-
ered through experimentation with and monitoring of ecosystems [22]; it is much more
than just a ‘know-how’ [17]. This understanding of the intricate relationships between the
different components of an environment and their effects over longer periods is vital for
taking effective sustainability decisions [23]. Turner et al. [24] enumerate six principles of
ecological embeddedness: (a) interconnecting and rotating all entities in an environment;
(b) environmental feedback and sustainable resource harvesting and reuse; (c) knowledge
accumulation and transfer; (d) respectful and collaborative approaches to human activities;
(e) associating oneself as a part of one’s ancestral land; and (f) acknowledging spirituality
in nature.

Dis-embeddedness, on the other hand, is a short-term gains (mainly economic) over
long-term benefits (sustainability) approach, discounting the multiplicity of perspectives,
looking at humans and nature as a binary, and ignoring spirituality and the call for meaning
behind life [10]. The drive towards limitless material accumulation and the disregard for
the environment is informed by the idea that humans and other-than-human stakeholders
do not need to co-evolve. This fact is exemplified by the current situation in which cities,
which cover less than 2% of the earth’s surface, consume 78% of the energy generated and
produce 60% of greenhouse gas (GHG) emissions [5]. Buildings alone consume over 40% of
generated energy and contribute nearly one-third of GHG emissions in most countries [3].
Consequently, this situation has led not only to environmental degradation, but also to de-
contextualization and ecological dis-embeddedness of contemporary cities. The following
are among the major environmental sustainability challenges faced by contemporary cities.

Air pollution and GHG emissions from buildings, the transportation sector, and in-
dustries are important factors undermining urban sustainability. The release of GHG
emissions links directly to poor air quality with attendant health risks [3,5]. Likewise,
over-dependence on unsustainable fossil-based energy and technologies contributes to
environmental pollution. Burning fossil fuels releases carbon dioxide and other greenhouse
gases, contributing to global warming and climate change [2,14]. Urban heat islands,
formed due to increased energy consumption from buildings, hard structures, and concen-
trated pavements, threaten the sustainable development of urban communities. Moreover,
the lack of blue-green infrastructure leads to higher temperatures and undesired climate
change [25,26].

Similarly, sprawling development away from the city center leads to a serious chal-
lenge of increased mobility, congestion, environmental pollution, and accidents. In addition,
the increasing scale of contemporary cities changes the dynamic of the carbon cycle and
earth radiation and leads to high infrastructure demands and capital costs. Habitat frag-
mentation is another prominent issue of extensive urban development that weakens the
ecosystem [4,15,25]. Furthermore, unsustainable resource consumption and lifestyles are
increasingly exerting pressure on the environment, leading to the loss of prime agricultural
land, biodiversity, and water resources [1,9,27,28], and unsustainable solid and liquid waste
management practices and rising urbanization levels lead to water and land contamina-
tion [29,30]. Moreover, urban floods are triggered by ineffective land-use patterns and
rainfall management [31,32].
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Additionally, segregated and mono-functional land uses are sustainability challenges
that encourage mobility to other zones for urban activities and discourage street-level
socioeconomic interactions due to a lack of diversity in land-use planning and overreliance
on cars for mobility [11]. Moreover, inequality and poverty are widespread in contemporary
cities. These socioeconomic challenges have arisen due to unemployment and spatial
mismatch, because of the detachment of homes from workplaces [13,16]. Lastly, urban
development in most cities is devoid of public participation, and cities lack public realm
and a sense of community, which results in feelings of alienation from the land and
community [31].

A review of similar literature indicates that there is dearth of studies on lessons Mayan
settlements can offer to help with addressing these urban sustainability challenges. For
example, Akbar et al. [16] investigated how the ecological wisdom of Asian traditional
settlements can help foster environmental sustainability by addressing contemporary urban
challenges, such as disassociation with the land, overcrowding, over dependence on fossil-
based energy and technology, GHG emissions, costly and resources-intensive projects,
import of foreign ideas and materials, mono-functional urbanism, one-size-fits-all designs,
flooding, and the urban heat island (UHI) effect. Possible solutions to these problems can
be found in the ecological embeddedness of the Mayan-built environment. For instance,
Ashmore [33] studied physically and spiritually meaningful site-planning concepts and
principles among the ancient Maya. Munson and Pinzón [34] researched the way early
Mayans constructed environmentally sustainable buildings. Murtha [35] demonstrated
how low-urban density fostered sustainability in the Mayan-built environment. While
Davis-Salazar [36] studied the Mayan-built environment’s drainage and flood control,
Dine et al. [37] explored the modern lessons of Mayan agriculture towards food security.
So far, the present study is the first to extract the ecological embeddedness of Mayans and
their settlements and apply their principles toward fostering environmental sustainability
in contemporary cities.

This study can help cities mainstream ecological considerations into land-use planning
and policymaking. It can also improve our knowledge of the evolving body of literature
about the role of and lessons to be learned from the ecological wisdom of ancient-built
environment in addressing urban sustainability challenges facing cities today.

2. Materials and Methods

2.1. Maya Background

The Maya occupied the region which is currently El Salvador, Belize, Guatemala,
Honduras, and the southern part of Mexico [38]. This region lies in the tropics, 23.5 degrees
north of the equator within the Meso-American region (Figure 1). The ecological under-
standing of the Maya is well documented. Their civilization faced many challenges, such
as unpredictable drought, excessive rainfall, high humidity, a profusion of pests, a shortage
of potable water, the inadequacy of irrigation systems, unfavorable karst land [39–41], and
a lack of metals during the Classic era [42]. Despite these daunting challenges, the Maya
still effectively utilized opportunities present in their land through close observation of
and association with nature [43,44].

Large expanses of land occupied by the Maya comprised southern highlands, central
tropical lowlands, and less-vegetated northern areas (Figure 1). These are noted by scholars
as centers of influence during the great Mayan eras. The highlands, lowlands, and northern
areas correspond to the Pre-Classic (1200 BC–250 AD), Classic (250–950 AD), and Post-
Classic (950–1500 AD) ages, respectively [45]. A considerable population settled in the
Maya region during the Late Pre-Classic Period (400 BC–250 AD), requiring them to adapt
to the topographic variation as well as the microclimate. Most of the populations were
employed in agriculture. By applying a trial-and-error method over years, people were able
to modify the landscape to achieve exceptional agricultural production while enhancing
the natural carrying capacity of their land at the same time.
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Figure 1. Location of the land occupied by the Maya (inside green boundary) within the Meso-American region [21]
[Akbar, 2021].

Time and its passage were significant for the Maya. The movement of heavenly
bodies over time indicated when farming and rituals should take place [46]. For this, city
elevations and vertical markers in the built environment played a key role. These aligned
with certain movements and locations of various stars, which signified important turns in
the temporal dimension. The observation of the heavens also designated proper time for
crop plantation [47], failure to do so would affect agricultural yield.

The Maya were a society with complex urban systems and activities, as signified
by their house mounds, agricultural terraces, raised fields, home gardens, and water
reservoirs. Their cities were also places for public gatherings, specialized labor, recreation,
and water conservation (especially the lowland locations) for the benefit of urban and rural
populations [48]. The kings controlled the water that was available in limited amounts [49].
The urbanites were supported by their rural neighbors, who supplied them with food and
various natural resources. Due to this reciprocation, a top-down and bottom-up balance
was achieved in decision making regarding resource management and environmental
conservation [50,51].

Urbanism has not been thought of as a feature of the Pre-Columbian New World,
which is a trend in need of reconsideration. This is attributed to the focus of research on
religion, leaving out other factors such as economy, politics, environment, and settlement
patterns. While Aztec settlements such as Teotihuacan and Tenochtitlan have been termed
urban centers, it is surprising to see that smaller and dispersed Mayan settlements, such
as Tikal, Chan Chan, Calakmul, Cahokia, Tiwanaku, and Paquime, are left out as not
satisfying the general definition of ‘urbanism’ according to some scholars. The Mayan-built
environment can be considered as urban based on the social and spatial heterogeneity of its
settlements, as well as its economic activities, not to mention its complex water conservation
systems [52,53]. Furthermore, a multidisciplinary, multivariable, comparative, and cross-
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cultural study may bring out the characteristics of urbanism in Mayan environments and
society further [54].

The functionality of the Mayan-built environment conforms to the people’s religious
thoughts. Even heavenly bodies and their spiritual and physical impacts on earth are
part of this conformity. Mayans regarded the earth as a god where plants, animals, land,
caves, and mountains were considered sacred and invaluable [55] That is why many Maya
settlements were placed around Cenotes (underground water bodies) and caves, providing
a meaningful link between people, land, and water. This level of connectedness can provide
rich lessons for contemporary settlements threatened by a lack of spirituality and varied
sustainability challenges. The following are the main reasons for choosing to study Maya
culture: first, Mayan-occupied land appears to be one of the most intriguing historical
regions, with ecological wisdom that survives to the present; second, the Mayan-built
environment has often been likened to the ‘Garden Cities’, which remain famous amongst
the public, scholars, and planners today; and lastly, significant literature, published over
several decades of research and archaeological works, is available to carry out this research.

2.2. Data Collection and Analysis

This study employs the desktop research method of reviewing relevant literature to
achieve its aim. The method consists of three iterative phases: the problem definition,
literature survey, and data analysis [16]. The first phase consisted of identifying and
defining the research problem to be investigated. In this study, the focus is on how
lessons from the ecological embeddedness of the Mayan-built environment can help to
mitigate sustainability challenges facing contemporary cities. The second phase consisted of
surveying and gathering relevant literature and secondary data. Using the Web of Science,
Scopus, and Google Scholar search engines (globally recognized comprehensive databases),
literature related to the study domain were manually selected and downloaded. The
identified relevant literature included published articles and books (academic literature) as
well as official reports, statistics, urban plans, and maps (grey literature).

Table 1 shows an example of search terms used to identify and download resources
using Google Scholar on 10 November 2021. Documents that satisfied the following four
inclusion criteria were used. It should be (a) written in the English language; (b) full text;
(c) related to the objective of the study; and (d) published after 1990, which was the time
when interest in the legacy of Mayan settlements became heightened. After removing
duplicates, 86 documents met the criteria and were included in the study.

Table 1. Result of manual search for relevant literature.

Search Terms
No. of Papers

Identified
No. of Papers
Downloaded

“Maya built environment” 170 32
“Sustainable architecture in Maya” 7 5

“Maya water management” 324 27
“Maya ecology” 66 24

“Maya home gardens” 66 13
“Maya + forest” 73 8

“ancient Maya settlement patterns” 245 52
Maya urban form 7 2

“Agriculture + Maya” 89 17
“Maya home gardens” 11 6
“Ancient Maya roads” 15 7

The last phase of the analysis involved organizing the gathered documents based on
similarity to the topics set out in Table 1, albeit with some document belonging to more
than one group. After this, each document was thoroughly analyzed to extract themes
related to the Mayan-built environment that satisfied at least one of the six principles of
ecological embeddedness identified earlier [24] or uncovered new ones. The extracted
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themes were finally collated, synthesized, and harmonized, which resulted in four cate-
gories: settlement pattern, building configuration, urban agriculture and home gardening,
and water conservation. The analysis also involved extracting some quantitative data,
such as building floor area and spacing, road width, and the ratio of the built-up areas to
green areas from city maps. The quantitative data can help determine the environmental
sustainability of settlement patterns. Literature review research has been employed in
several studies due to the availability of secondary data online, its low costs, and suitability
in exploratory research [16,29].

3. Results and Discussion

This section presents and discusses the study findings, divided along the ecological
embeddedness of the Mayan-built environment according to the four themes that emerged
from data analyses: (1) settlement pattern, (2) building configuration and construction,
(3) urban agriculture and home gardening, and (4) water conservation. The paper then
discusses some important lessons for contemporary-built environments to help alleviate
their environmental sustainability challenges.

3.1. Settlement Patterns in Maya

Mayan settlements are famous for their residential clusters, home gardens, ritual and
regal centers, and socioeconomic and political activities. Based on this, a city acquired an
identity according to its dominant features [56]. It took Maya continuous and intensive
procedures of agronomy and landscape treatment to adapt various locations for habita-
tion [44]. As a result, adequate urban characteristics seem to emerge from these habitats
such as refined construction, residential clusters [57], home gardens [38,58,59], land-use
variation [60], neighborhoods, districts, complex institutions [15,61], market exchanges [62],
and developed land and water resource management systems [63]. Often, even small
settlements such as Joya de Ceren exhibited the civic and social order found in large
settlements [64].

The Mayan world view was manifest in the design and arrangement of their habi-
tat [65]. Their built environment was a patchwork of different and scattered agro-systems.
Their land use included terraces, raised fields, kitchen gardens, orchids, slash-and-burn
agriculture areas, and natural and created forests. Although land was cleared for urban
developments, complete deforestation is not evidenced [43]. As shown in Table 2, only
approximately 32% of central Tikkal was covered by buildings while the remaining 68%
was open spaces and green areas. In contrast, central Chunchucmil is denser with 42%
of the area occupied by buildings. In both settlements, building-floor areas ranged from
300–360 m2 with 0.27–1.38 dwelling units per hectare, while major roads were 60–70 m
wide and minor roads measured around 20–40 m wide, which compares well with many
contemporary cities.

Table 2. Average road width, development density, and building floor area and spacing in central Tikal and Chunchucmil.

Settlement
Size (Hectare) Buildings Road Width (m)

Developed
Green and

Open Areas
Total Floor Area Spacing Total Units

Density
(Units/Total Area)

Major Road Minor Road

Tikal city center
(Figure 2b)

240 ha
(32%)

510 ha
(68%) 750 ha 360 m2 60–100 m 200 0.27 units/ha 60 m 20–30 m

Chunchucmil center
(Figure 3a)

62 ha
(42%)

83 ha
(58%) 145 ha 300 m2 40–60 m 187 1.38 units/ha 60–70 m 30–40 m

Mayan settlements did not display use of a grid, but this does not mean the dispersed
layout was unplanned. Buildings were arranged to align with natural topography and con-
tours, which enhanced the visual aesthetics of the landscape, increased access to sunlight
and ventilation, minimized the need for excavation and hence was cost saving, reduced
the risk of erosion, and supported protection of biodiversity. Runoff was dammed by

187



Land 2021, 10, 1360

causeways and canals and diverted towards low-lying areas for irrigation purposes where
the landscape was marked with all kinds of natural and human-made reservoirs [40].
(a) Spatial Logic of Mayan Settlements

Urban form refers to the organization of all functional features of an urban area,
including streets, buildings, open spaces, and natural areas. The arrangement of these
features in Mayan-built areas was shaped by Mayan belief systems and daily activities
that in turn transformed and influenced settlement structures [16]. According to Mayan
cosmology, the earth is surrounded by supernatural worlds, which can be accessed through
the mountains above (arboreal ecosystem), water bodies below the earth’s surface (aquatic
ecosystem), and the land in between (terrestrial ecosystem). In this respect, the Maya spe-
cially regarded the Ceiba tree as symbolizing this 3-part division of the cosmos, representing
the underworld, earth, and heavens through its deep roots, high trunk, and spread-out
branches, respectively, bringing these worlds together [46]. In other words, the Ceiba tree
also represents the unity and interdependence of different ecological systems that make
life possible.

Given the importance of cardinal directions, buildings were oriented to maximize
the use of sunlight and natural ventilation and sacred buildings were located in such
a way as to be visible to the general public [66]. Since north is believed to be where
the ancestors and their wisdom reside, important structures are found in the northern
zone that was not only suitable for sustainable habitation but also most visible to the
surrounding commoner residences [67]. A good example of this orientation is the Twin
Pyramid Complex in Tikal (Figure 2a) where the structures are north-south oriented. Mayan
settlements displayed the above-mentioned characteristics to create a built environment
with the highest level of harmonized living, interconnectivity of all entities with the
environment, and acknowledgment of spirituality in nature.

 
(a) 

Figure 2. Cont.
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(b) 

Figure 2. (a) Twin Pyramid Complex (group 4E-4) at Tikal (Guatemala) having cardinal placement (adapted from Ash-
more [33] (p. 201)); (b) Cardinal alignment of the city center acting as an axis mundi connecting spread-out residential units
with the underworld as well as the heavens at Tikal, Guatemala (adapted from Ashmore [33] (p. 204)).
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(a) 

Figure 3. Cont.
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(b) 

Figure 3. (a) Sacbeob (marked as a colored grey area) in the center of Chunchucmil connecting house-lots (adapted from
Hutson et al., 2007 [68] (p. 466)). (b) Sacbeob in Seibal (adapted from Ashmore & Sabloff [69] (p. 209)).

The forms of Maya settlements could be informal, but they largely display sensitive
harmonization of patio groups (residential and home garden areas), agricultural terraces,
raised fields, streets, open spaces, standardization of features according to the locale,
mixed and diverse functions, shared interests, and communal uses of facilities which
promoted substantial face-to-face interactions [64]. The functional features of a settlement
were incorporated into the public realm, including arenas, courts, and accessible markets,
thereby fostering inclusion, and increasing social cohesion [61]. In Sayil, for instance, the
settlement pattern is more nucleated than some other Maya settlements. Agricultural
terraces follow the existing topography while raised fields are an appropriate adaptation of
the human habitat under the climatic and geological conditions. The neighborhood open
spaces and streets nurture a great sense of community. Since most production, consumption,
and recycling took place within or close to the home, walkability is pronounced in Mayan-
built environments.

The Maya practiced living, working, trading, and gardening within the same locale,
giving rise to a better empathy with the environment. Their work and social lives were
intertwined with the surrounding nature. Based on the logic discussed above, settlements
were modelled as multi-layered (the sky, the earth, and the underworld), connected through
time (as represented by movement cycle of Venus, the moon, and the sun), supported
by a vertical axis (axis mundi represented by the Ceiba tree-trunk), and divided into four
cardinal parts (with an emphasis on a north-south orientation (Figure 2b).
(b) Street Networks

Various buildings in a Mayan city were connected through Sacbeob which were ele-
vated streets constructed for many transportation-related and socio-economic purposes
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(Figure 4a,b). Three types of Sacbeob are commonly found: local, intra-site, and inter-site.
Most Sacbeob were roughly between 500 m and 20 km long, indicating human-scale and
enhanced walkability of a city [70]. Earlier designs did not include parapets, but they
were later adopted in various Sacbeob. Their structure was similar to the foundation of
any Mayan building, comprising large stones on the edges and grading to smaller gravel
towards the upper surface which was finished with powdered limestone. Depending on
the location and availability, the backfill for Sacbeob contained organic materials such as
snail shells, which highlights waste recycling in Mayan societies.

 (a) 

 

(b) 

Figure 4. (a) Schematic drawings for three types of structure clusters in Mayan settlements; dots are house-lots surrounding
the religious settlement center (axis mundi) (adapted from Smith [61] (p. 56)). (b) Mayan patio groups showing open patios
within built up residences (adapted from Smith [61] (p. 56)).
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Sacbeob served many functions, such as transporting people, animals, and goods. They
promoted commerce, multi-level interaction, and processions representing political, socio-
economic, and religious significance [71] through the architectural spaces. Sacbeob also
formed the water-retaining edges of reservoirs, directing runoff away from inhabited areas
towards natural water collection ponds [70]. By virtue of these Sacbeob and their orientation,
a city center acquired an axial position (axis mundi) symbolizing a World Tree connecting
the underworld, earth, and heavens in seamless continuity. Collaborative maintenance of
Sacbeob (based on green human labor) brought people together and reminded them of a
shared memory, sense of place, and religious, political, and environmental order.

3.2. Building Configuration and Construction

In several present-day cities, buildings have little regard for local climatic conditions,
vernacular construction materials, and environmental sustainability [31]. However, among
the hallmarks of Maya settlements is the embeddedness of environmental sustainability in
architecture and building arrangement through the appreciation of indigenous knowledge,
local climates, and the ecosystem. This Mayan trademark was a result of the prolonged and
deep observations and experiences of the society [72]. Climatic conditions and cardinal
orientations determined building configuration, architectural form, identity, and functional
efficacy, while indigenous building materials lowered building costs. Building construction
was based on centuries-old, revered, and adopted techniques that were passed from the
ancestors to the current and the future generations.

Space available for housing differs in various Mayan settlements depending on land
availability, climate, vegetation, topography, soil condition, and socioeconomic structures.
Maya were outdoor people due to the nature of their locale. The resultant lifestyle, daily
activities, and architecture, especially in the residential areas, are considered in designing
the open spaces within a house-lot and the immediate surroundings. These were important
factors in building configuration [73]. Given the nature of a house-lot, a household func-
tioned as a small social group that, in turn, was connected and contributed to the larger
population it was a part of. In Tikal, for instance, house clusters are closely spaced but there
are large amounts of space between clusters. Continuous causeways may not have been
needed; instead, a raised pathway in the landscape might have sufficed for movement [35].
On the other hand, the city of Waka had a nucleated pattern of dense residential quarters,
unlike other built environments that have surrounding dispersed settlements.

Various types of building clusters are found in the Classic Mayan settlements (Figure 4a).
It was initially thought that each one of them was a residence. However, scholars are now
convinced that a certain number of structures were part of a house-lot (Figure 4b). For
instance, 2280 structures were studied in Tikal that were later believed to be belonging to
691 groups, each group housing extended families comprising around 25 members [74].
Made of perishable materials and following vernacular style, these buildings fulfilled many
purposes, such as sleeping, cooking, washing, processing, and storage [75]. One main
difference between a Mayan house-lot and a modern residence today is the former had
separate buildings, whereas the later holds all activities under one roof.

The simplicity and sustainability of buildings acquired through vernacular design is
reported by Abrams [76]. While discussing the city of Copan during the Classic Mayan
Period, the author highlights that new structures were mostly built over the foundations
of the old ones. Designs were tried and tested to save time and labor efforts. A structure
could be constructed in 100 days or less if it were not elaborate, making sure there was
no shortage of labor required for other tasks such as agricultural work. Construction
was aligned with the climate; given this, the dry season was the time during which most
construction took place. Many other scholars found that construction was accretional, using
old structures and available materials; water usage was kept to a minimum; basic design
requirements, such as solar and wind movement, line of sight, and utility of the enclosure,
fulfilled functional needs; construction details were well known, therefore, unskilled labor
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sufficed for building, reducing time and money [73,76,77]. This resulted in the energy
saving required for material procurement.

Religious structures were different in design and construction from the residences
of the common people. These were highly symbolic, offering spiritual nourishment to
the citizens [78]. As discussed above, the ecological and environmental understanding
of the Maya was not limited to the earth only; it included the skies and the heavenly
bodies. This is corroborated by growing evidence that the orientation of religious buildings
is astronomical. Architectural elements used in certain sacred buildings were aligned
with the movement of important stars that predicted initiation of certain rituals [67–79].
Apart from fulfilling symbolic and religious needs, these buildings, by virtue of their
orientation, helped in measuring time and predicting weather, which was significant for
agricultural purposes.
(c) Examples of Ecological Embeddedness of Mayan Settlements

• Coba: Coba was a large urban center during the Classic Mayan era, spread over
30 miles2 with a population of approximately 50,000 [58]. Green human labor that
comprised thinking and sensitive persons was adopted for all tasks that garnered
patience and work ethics. Given this, it is believed that the great 120-foot-tall pyramid
of Coba was built without using wheels, pulleys, and draft animals. Residential
buildings were mainly pole and thatch construction; stone was used with care. Terraces
marked the residential landscape as the soil was thin and could not retain moisture
and nutrients. Fish farming ponds diversified the food supply [80].

• Cuello: Cuello was a Late Pre-Classic settlement famous for its architectural char-
acteristics. For instance, discussing an excavated site in the city, Hammond and
Gerhardt [81] found that it consisted of a group of buildings intentionally planned
around a patio. Multiple activities are believed to have taken place there, ranging
from sleeping, cooking, and storage to burials. This indicates that the site provided
self-sufficiency in many respects without having the need to acquire more land to
obtain life essentials. The buildings were simple and reparable as local recyclable
materials, such as cobble stones, clay, and lime plaster were used for building and
repair work. The importance of the patio is signified by the buildings that are oriented
towards it, meaningfully marrying the built with the open.

• Caobal: Architecture and construction appear to have had a social and political effect
on the population of Caobal, such as building a spirit of community and maintaining
connections with past generations and their experiences. The amount of domes-
tic refuse found at different sites hints at the collaborative aspect of construction
that, among many other factors, encouraged social sustainability. It appears that
involvement in the construction process was as important as the output. The built
environment also displays ecological knowledge and environmental stewardship.
This is evident from practices such as adoption of reusing, recycling, and selecting
earthen and local materials and keeping technology simple. Given the above, the built
environment in Caobal became a container of social and environmental memory for
future generations to follow [34].

• Chan Noohol: Located in the upland of the Mopan and Macal Rivers, this settlement
comprises seven farmsteads that are 50–70 m apart. Every farmstead has a dedicated
area for cultivation created on a non-orthogonal terrace. Both the terrace and the delim-
iting low-height retaining wall follow the existing topography that points towards site
familiarity and the respect that the residents had towards what was already present.
Existing bedrock was used as the foundation for structures, reducing foundation work
and material required. This also helped to raise the level of the structures naturally.
Local materials were used, such as chert cobbles and unshaped stones. New landscape
features were created where the previous inhabitants had indicated they ought to be
placed. This ensured cultural continuity and adherence to the site’s demands [82].

• Copan: Abrams [76] shares interesting information about the construction of a reli-
gious site and its structures in Copan. The construction work appears to be a single
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event requiring less labor and time because it was completed via the communal efforts
of both men and women. The capability of the residents made them efficient if not
highly skilled laborers. The author estimated that the construction was most probably
completed with a special workforce of 40 persons employed on a yearly or half-yearly
cycle, and about 370 non-specialized workers for about 60 days.

• Chunchucmil: Located in north-western Yucatan, Chunchucmil had a population
of about 35,000 spread over 20–25 km2 during the Classic Period. Dense house-lots
delimited by albarradas (shared boundary walls) and chichbes (winding causeways)
were distinguishing features here (Figure 5). The average house-lot size was approxi-
mately 4200 m2 containing open spaces of approximately 3595 m2. Although the city’s
location does not support intensive agriculture, the open house-lots still contained
areas for climatically and geologically suitable cultivation that needed little tending.
The trees in the house-lots imitated regional forests and provided economic benefits.
Apart from residences, open spaces within house-lots were also used for other activi-
ties, including handicrafts, animal keeping, apiaries, processing, corn storage, rituals,
burial, washing, toilets, and dumping organic waste (Figure 6b). The low height of
the albarradas suggests strong social networks and sustainability. Existing materials
and past platforms were used for the foundations, whereas the superstructures were
made from perishable materials [68,83].

 

Figure 5. Schematic drawing showing homes, clear area, intermediate area, and garden area in
Chunchucmil (adapted from Hutson et al. [68] (p. 444)).
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(a) 

 
(b) 

Figure 6. (a) Forest garden and the Maya House: Mesoamerican Research Center today following ancient Maya house
garden techniques with a variety of plants and trees offering shade and nutrition (adapted from Ford [84]). (b) Map showing
residential groups in Chunchucmil with home gardens and other miscellaneous functions (adapted from Halperin and
Foias [85] (p. 13).

• El Palmar: The abundant presence of the Golden Section in nature and its recognition
and application by the Maya points towards their connection with nature and all its
constituent ecosystems. One of the examples of this fact is given by Doyle [86] who,
after studying selected buildings in El Palmar, makes the case of the use of the Golden
Section by the Maya in urban and architectural works. The author contends that, even
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though historical continuity and cardinal alignments were factors in determining the
spread of the group under discussion, the usage of 48.5 m by 78.5 m Golden Section
squares is also evident while sizing the building plans. The Golden Section is also
applied to work out platforms for other buildings and open spaces; for instance, the
size of the Triadic Group in El Palmar is 100 m by 160 m which, again, is a Golden
Section square. Interestingly, the Golden Section was also used to determine lot sizes
for Milpa farming.

• Joya de Ceren: Living in sustainable houses constructed with wattle-daub walls and
thatch roof, the residents of this village also exhibited remarkable knowledge of the
climate, soil, and plant biology. Intensively cultivated gardens surrounding the houses
contained a variety of plants and trees, which provided food as well as shade and
demarcation for the house-lots. The agricultural yield from the house gardens as well
as the infield maize crop not only ensured self-sufficiency, but also provided enough
surpluses to be exchanged for valuable goods [64].

3.3. Urban Agriculture and Home Gardening

The basic unit of Mayan settlements comprised not only residential compounds and
neighborhoods, but also autonomously managed gardens, along with their surrounding
farmlands. The amount of tree cover helped control soil erosion, while urban green areas
connected the civic and ceremonial functional zones that linked to the residential areas [87].
Urban agriculture depended on diverse farming practices based on the local ecological,
socioeconomic, and political situations. The fact that the agricultural landscape was a
part of the Mayan-built environment is archaeologically evidenced by the variations in the
identity of settlements and the people that lived in various regions.

For instance, even though infield agriculture is quite a common feature, nuances exit
in the way it is made part of the built environment in different communities [88]. This
distinction is a result of adaption required for the semitropical climate, varying terrain,
and soil conditions [50], and the presence of diverse species [89]. Environmental feedback
was instrumental in the decision-making process regarding how to modify the land for
agriculture, habitation, and gardening. In this respect, terraces embedded in the landscape
were particularly helpful in retaining moisture in the ground as well as preventing erosion
of soil that was already thin [51]. For example, in Tikal, agricultural terraces were present
in almost every household that had access to two to four acres of land [35].

Apart from water retention, terracing also provided a suitable flat surface for culti-
vation, nutrient penetration, and residential structures. As evidenced in Tikal, sometimes
berms were also constructed to delimit terraces, provide raised surfaces for walking if
needed, divert water to low-lying bajos (seasonal wetlands), and prevent silting [46]. Since
the maintenance of these terraces required collaborative intensive labor, population growth
supplied an essential human resource [90]. Thus, settlement patterns integrated with the
agricultural land became a strong norm unifying the Maya in their common social and
economic undertakings.

The favorable climate encouraged outfield agriculture in settlements such as Coba,
therefore, house-lots relied less on home gardens. In comparison, Chunchucmil was
dependent on infield agriculture as demonstrated by the presence of larger house-lots that
had rejolladas and sascaberas (laterally dug chambers on the dry side of a sinkhole in the
karst ground within the lot boundary) [91]. The combination of infield and outfield areas is
another land-use pattern found in Mayan settlements. This assisted the Maya in dealing
with unpredictable weather and crop yield. Infield areas were close to home and occupied
by households as a primary base. Distant outfield areas, on the other hand, complimented
the infield by becoming secondary cultivation and residential areas in case there was a need,
depending upon the weather conditions [44].

Milpa farming is another instance of sustainable agricultural practice where the
landscape setting within a built environment was purposefully and periodically changed
to ensure sustainable agricultural yield while maintaining forest cover. This is a method
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where certain crops are grown on a rotating basis through transitional stages, providing
control and soil enrichment. The Milpa cycle, shown in Figure 7a has three main phases:

• Looking for forest clearance mainly caused by cyclones and preparing the land for cultivation.
• Introducing crops that are rotational, diverse, and receive enough organic fertilizer as

well as soil nutrients. This gives rise to a landscape which is a mix of varied crops,
wild plants, and carefully selected trees.

• Leaving the land fallow for several years after a fixed cycle of cultivation to regain
its original vegetation and nutrients. This is conducted by replanting seeds from the
mature neighboring trees and crops.

 
(a) 

Figure 7. Cont.
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 (b) 

Figure 7. (a) Schematic drawing for Milpa cycle showing mature forest to agricultural field (labels 6, 1, 2, and 3 counter-
clockwise) to long perennial/ecological succession (labels 3, 4, and 5) and back to forest again (labels 5 and 6) (adapted from
Ford & Nigh [63] (p. 185). (b) Landscape defined by Milpa cycle (adapted from Bates [92]).

In short, the Milpa cycle is moving from forest to Milpa, followed by Milpa to forest
garden, and finally, from forest garden back to the original forest (Figure 7b). Given these
ecologically thought-out rotations, the built environment retained what already existed
in the form of landscape [90]. Furthermore, diverse interactions with their given locales
helped the Maya to spread out risks through house gardens, infields/outfields, Milpa
farming, and forest management [90].

Home gardens were also significant green infrastructure that enlivened workplaces
and residences. These lent meaning to such spaces and stored memories for future gener-
ations to relate and add to. Given the collaborative nature of the work required through
human labor, home gardens advanced social sustainability [82]. Apart from being a sym-
bol, home gardens were also utilitarian in nature, providing food and medicinal herbs,
functioning as sunshades and windbreaks, and capturing and storing carbon [60–82]. Ac-
cording to the ethnographic research, lot sizes for intensively maintained home gardens
were approximately 2.28 ha [50]. This diverse and environmentally responsive land use
was complemented by less intensive outfields cultivated by the same family. Sayil, located
in the Puuc, region presents a classic example of a garden city, owing to favorable soil
conditions [93]. These gardens were dedicated to growing domestic, edible, and cover
crops such as palms and cocoa plants requiring frequent and intensive tending [94]. Other
plants were nitrogen-fixing and ornamental-shading legumes.

Home gardens are a noticeable feature of the Mayan settlements that exist even
today [37,88,95–99]. In this respect, archaeological site 272–025 (also known as Tzunu’un)
in the Mayan city of El Pilar presents an illuminating example of recreating a Mayan home
garden in the present time. Maya forest gardening was interpreted by inviting traditional
Mayan farmers and gardeners to implement their practices on site. Figure 6a shows the
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nature, profile, and location of vegetation on this site that provides food, climate control,
and soil conservation.
(d) Examples of Home Gardens in Maya

• Guijarral: Home gardens that are close to the residences formed one component of
the settlement pattern in Guijarral. This kind of garden is complemented by distant
infields and outfields where major crops were cultivated. This purposefully embedded
the population spatially, environmentally, economically, and spiritually in the built
environment [87].

• Papaloapan River: This urban settlement was dispersed over large area. Engagement
in intensive and extensive home gardens and contiguous infields made this settlement
look like a ‘Garden City’. Extensive distant outfields were cultivated rotationally and
added resilience and risk mitigation [60].

• Sayil: The population in Sayil practiced intensive home gardening within city’s
bounds, making it another precedent of a ‘Garden City’. Agricultural input was
provided through green human labor that was essentially collaborative. Organic
refuse, mulch, and human and animal waste were used as fertilizer that did not
damage the soil. The presence of small garden lots indicates autonomy at the lower
social levels.

3.4. Water Conservation

Water and its conservation were critical to the Maya given its scarcity, especially during
the dry season. Its conservation and safe discharge to other areas throughout the year hints
at their advanced knowledge [43]. As such, features such as aguadas (natural or human-
made land depressions), bajos, chultans (underground water storage tanks in residential
lots), berms, and dams formed essential elements of the Mayan-built environment [43],
providing enough water for household and agricultural functions over the course of the
year, especially the long annual drought [89]. Water ponds were multifunctional, offering
ecological, spiritual, social, and economic benefits.

During the Late Pre-Classic Period (400 B.C–250 A.D.), some settlements were located
close to existing natural depressions that were carefully reformed to collect the runoff
from natural watersheds. For instance, in Sayil, underground water tanks known as
chultunes form a noticeable feature of the built environment. The ensuing Classic Period
(250 A.D.–950 A.D.), on the other hand, marks a change in water conservation in many
sites such as Calakmul and Tikal. At those sites, important buildings and reservoirs were
placed on higher altitudes, for instance hill summits. The water conservation profile during
that period was convex, contrasting with the concave one adopted in the Late Pre-Classic
Period (Figure 8). The impermeable pavement around sacred buildings on the summit
guided rainwater towards large reservoirs. Canals from these reservoirs then transferred
water to the dispersed farmsteads and their peripheral bajo reservoirs. However, this
strategy differed for locations where there was abundant rainfall [40,89,100]. For instance,
in settlements such as Copan and Palenque, water was not collected at the summit but
diverted away to avoid damage due to flooding [36].
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Figure 8. A change from concave micro-watershed (top: Late Pre-Classic Period) to convex micro-watershed (bottom: Late
Classic Period) (adapted from Scarborough [101] (p. 140)).

(e) Examples of Water Conservation by the Maya

• Tikal: The central district in Tikal was placed on the summit of hills where watersheds
were artificially modified to manage runoff. Six catchment reservoirs are located on
this summit on an area of 6 to 9 ha that eventually led the runoff to the low-lying bajo
and aguada reservoirs. The summit reservoirs could store approximately 900,000 m3 of
water, which was adequate for daily needs as well as replenishing the bajos (Figure 9).
These reservoirs had raised causeways on their edges to dam water and direct it
towards naturally occurring swamps [48] (p. 6). Floodgates were provided under the
causeways to release water into the bajo-margin reservoirs for irrigation and drinking
purposes. Pozas are another form of small-sized ponds within house-lots that were
filled by the central water reservoirs [90].

• Yanxohcah: Located in the Central Uplands of the Yucatan Peninsula, this city is
another example of skillful water conservation by the Maya. Here, many land de-
pressions of around 20 m3 have been identified through LiDar analysis [102] (p. 293).
Since the soil was porous, the local reservoirs were lined with lime plaster to prevent
water seeping into the ground. Water was received in these reservoirs through runoff
flow under gravity and used for religious and agricultural purposes [100].

• Cayo: Apart from storing water for domestic purposes, the dam in Cayo also appears
to have been used for breeding freshwater invertebrates that were a source of protein.
This fact is confirmed by the presence of snail shells. The dam was strategically placed
between converging hills and has a capacity of around 300 m3. The retaining wall for
the dam is well anchored to the bottom by being thick at the lower end while tapering
to a slimmer section towards the top side [103] (p. 151). This indicates the developed
understanding of the Maya about the way water exerts pressure on the enclosing
surfaces of a dam.

• Copan: It was ecologically challenging for people to live in Copan due to the high rate
of rainfall. Given this, water collection and dispersal were equally important to avoid
flooding and soil erosion. To address this challenge, exceptional familiarity with the
climate and hydrology played a key role. Water conservation undertaken at Copan
further considered local hydrology, population density, site planning and architecture.

201



Land 2021, 10, 1360

Effective water dispersal was thus achieved through the design and implementation
of causeways, splashboards, roof drains, paved patios, stucco channels, substructure,
and subterranean conduits [36].

 
Figure 9. Water management in Tikal: The image shows the flow of water under gravity from the watershed created on
the hill’s summit. The water is then stored in the low-lying bajos (natural and human-made water reservoirs) that dot the
landscape for use by the common people especially during the dry season. This shows an increased understanding by the
Maya of their climate and terrain (adapted from Lucero & Gonzalez Cruz [48] (p. 6)).

4. Discussion: Lessons toward Mitigating Current Urban Sustainability Challenges

This study of the Classic Mayan-built environment highlights the ecological under-
standing and sustainable practices of the people that shaped their settlements and helped
them survive for many millennia. Table 3 demonstrates that the environmental sustainabil-
ity practices of the Maya are strongly related to the six principles of ecological embedded-
ness identified by Turner et al. [24]. The next sub-section discuses some key lessons that
can be drawn from the ecological wisdom of the Maya that can improve the planning and
building of contemporary cities.

4.1. Settlement Patterns

The Maya understood well environmental components, their interdependencies, and
how to work with them for mutual benefit. The results of this are manifest at all levels, such
as laying out buildings and connecting various areas within a city. The societies identified
with and were embedded in the land they occupied, coevolving with all the components of
their context. The people lived, traded, worked, farmed, played, and socially interacted
in the same place. These activities, plus the culture and history, sustainably functioned
and coexisted with the various components of the ecosystem, including the land, plants,
animals, and sustainable lifestyle. The Mayan-built environment comprising residences,
agricultural terraces, and managed forests was much more than just a means of getting
food, clothing, and shelter. It was a concentration of diverse activities such as occupational
specialization, production in surplus, individual and community interdependence, and
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art and culture. Settlement patterns in many Classic Mayan settlements corresponded
with diverse activities that were ecologically friendly: the density fostered walkability,
causeways are multi-functional, and site development was incremental, ensuring reuse of
existing structural elements.

Table 3. The extent to which the six principles of ecological embeddedness were met by the Mayan-built environment.

# Six Principles of Ecological Embeddedness [24] Examples of Ecological Embeddedness of the Mayan-Built Environment

1 Interconnecting and rotating all entities in an
environment

• Ceiba tree symbolizes connection of all entities present in an area. Therefore,
interdependence of different ecological systems is recognized. Another instance of this is the
cosmic interconnections with earthly undertakings, such as the beginnings of rituals and
cultivation periods. These connections are of demonstrated practical value. One more
interesting example of interconnectivity of different elements is purification of water to make
it drinkable. This is conducted through the interdependent working of algae, lime mortar,
fish, and water lilies living together in a water reservoir.

• Time is perceived as cyclical/rotational. Phases in personal and practical life are predicted
based on this perception, preparing one for future events. In everyday life, this is reflected by
the rotation of crops and forested areas through Milpa farming, ensuring reliable subsistence.
Another instance is basing the urban land-use concept of infield and outfield areas on
rotation of intensive and extensive crop cultivation that provides sufficient agricultural yield.
This also helps spread out risks and develop resilience in the built environment.

2 Environmental feedback and sustainable resource
harvesting and reuse

• The degree to which foreign plants can be cultivated is based on environmental feedback.
This fact is also visible in the settlement patterns that reflect the surrounding landscape.
Carrying capacity is increased, working in collaboration with all elements present in an
environment and their response to human intervention. Another example of this principle is
that complete deforestation is not observed. The local climate is controlled through
maintaining forest cover. Information for its success or failure is competently received
through environmental feedback and responded to on time.

• Water conservation through thoughtful management is vital and a permanent feature of the
built environment. The same thought is applied to waste that is reused or recycled; for
instance, human and animal waste is reused as fertilizer, broken pots and other items help in
backfilling foundations for residences and sacbeob. Sustainable use of resources is also
evidenced in houses for commoners that are made from perishable and recyclable materials.

3 Knowledge accumulation and transfer

• Occurrence of environmental feedback ranges from a few weeks to centuries. Therefore,
knowledge acquired by the previous generations is extremely important, as it contains
information about previous feedback and their cycles. Given this, knowledge is accretional
and not only enriches the present generation, but also becomes a valuable source for future
generations.

• Human labor allows for a direct and effective knowledge transfer.

4 Respectful and collaborative approaches to human
activities

• The Mayan-built environment is an anthropogenic landscape located in its geography.
However, this is far from colonization of nature; the resultant Mayan habitat is a
collaboration between humans and nature marked by reciprocity and respect.

• Since environmental feedback is received by the common people present on ground, their
role is crucial if the society is to survive. This results in the promotion of bottom-up policy
decision making. Therefore, creation of the built environment is based on green human labor,
which brings people together and encourages social sustainability.

5 Associating oneself as a part of their ancestral land

• There is one spirit that dwells in all human and other-than-human entities. This means the
land and its inhabitants share one soul that bind them together. Given this, culture develops
from the local physical environment, its constraints, and opportunities, as all share one soul.
Meaningfulness found in the built environment is due to Mayans’ association with their
context.

• Ecological knowledge varies from region to region. Migrating to a different land would mean
reinvesting centuries to acquire new knowledge. Therefore, survival in the ancestral land,
even during the worst environmental events such as droughts is more likely than elsewhere,
given the Mayans’ association with their land. Amongst other factors, burials provided a
strong emotional and spiritual tie to the land. The Mayans gathered around the graves to
seek inspiration and guidance from the spirits of the deceased.

6 Acknowledging spirituality in nature

• The way an environment and all its constituents come together to make life possible was
awe-inspiring for Mayans. The spirituality derived from this is that there is a supreme soul
that oversees and guides life. One example of this is the pronounced visibility of religious
centers in the Mayan-built environment.

• The idea that there is one supreme spirit that powers all human and other-than-human
entities lends reverence and sanctity to everything present in a physical environment. For
instance, unnecessarily cutting down trees is killing oneself as the soul that dwells in both the
human and the tree is the same. The same idea of a shared soul converts the built
environment from anthropocentric to cosmos-centric. This encourages environmental
sustainability.

A residential unit was a place of habitation as well as work. In other words, home
was where a possibility of sustenance could be created through interaction with nature.
In this regard, terracing was adopted that corresponded to the terrain, provided levelled
ground for residences, and prevented soil erosion and nutrient loss. Terrain informed
the settlement style, which is non-orthogonal, spread out, and interspersed with areas for
urban agriculture [12]. Common houses were made of local building materials, including
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perishable materials. Agricultural by-products and organic materials were used in layers for
the ground floor construction. Mayan landscapes were lively, resulting from the interactions
between social organization and the ecology of the surrounding locale, mutually benefitting
all stakeholders living in an environment.

4.2. Urban Agriculture

The notion that urban living can be detached from rural still exists in some contempo-
rary urban studies. The Maya, however, present a different case. Their settlements promote
organic food production and ensure food security. Urban agriculture ensured crop yield
while, at the same time, it did not rely on artificial fertilizer or pesticides. Human and
animal waste was recycled and used as fertilizer that provided natural phosphorus to
crops [48]. Taking environmental feedback into consideration, farming retained the natural
features of the land without disturbing the local ecology. Given the rotation of crops,
forest locations, and fallow land, the Mayan-built environment was dynamic, perfectly
responding to the climate and the ecological allowances of a locale. Introduction of new
plants was performed carefully, which, together with sustainable soil management, enabled
native and new plants to thrive. There were primary and secondary locations for farming
and living to be occupied for the purpose of acquiring additional production when needed.

Through maintaining native plants and domesticating foreign plants, the Maya were
able to create an environment that offered shade and fruits. This, along with terrace
construction and raised fields in certain built environments, resulted in a unique landscape
pattern that is distinct from the deforestation and mono-cropping of the present time [104].
an increase in soil fertility is noted in these aggraded Mayan landscapes. It appears that
the Mayans’ impact on ecological systems helped many plant species to thrive, for instance
cacao and pine groves in the northern Yucatan and Peten, respectively. Cultivation method,
crop selection, and rotation did not deplete the soil of naturally occurring nutrients.

The Maya possessed highly developed ecological knowledge acquired over genera-
tions [41]. The knowledge of plant biology and soil type converted the less fertile lands into
productive ones. For instance, maize was successfully grown in large quantities on land
that was mostly unfavorable. This ability of the Maya formed anthropogenic landscapes,
which were full of life and extended benefits, even on infertile terrain [50]. Crop cultivation
was climate determined and frequently conducted near homes to facilitate harvesting and
conservation, which proved successful as it imitated the way the ecosystems of the area
functioned [101]. In the event of dry season, there was a shift from extensive to inten-
sive cropping, swidden agriculture was reduced, and appropriate crops were selected to
grow well in dry weather. In addition, mulching was introduced to retain moisture in the
ground [43]. Moreover, protecting the forest cover controls the climate and provides other
ecological benefits. Ancient forests that were cared for by the Maya survive even today,
presenting another instance of the Mayan ecological legacy [43].

4.3. Water Conservation

Water conservation was essential during the Classic Maya Period. Water supply under
gravity, construction of a variety of artificial channels and reservoirs, and capitalizing on
naturally occurring water bodies made the Mayan-built environment contextual, climat-
ically responsive, and resilient, especially during the dry months. The way the natural
wetland biosphere functioned was mimicked to keep water clean in various reservoirs [41].
The blue-green infrastructure constructed by the Maya was sustainable. This included
terrace walls that retained moisture and nutrients, artificial reservoirs, and modified natu-
ral reservoirs. The green infrastructure consisted of systematized green areas providing
various ecosystem services such as gardening, leisure, flood protection, improving air
quality, and reducing UHI effect.

Given the scarcity of water during the dry season, familiarity with the terrain, drainage
routes, and moisture absorption of the soil, the Maya utilized natural and human-made
water reservoirs. Potable water was obtained through imitating the wetland biosphere
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functions. Terrace walls retained moisture and prevented soil erosion. These also provided
space for human residences that were made from perishable and recyclable materials.
Through multiplicity of green cover and water reservoirs, the Maya were able to build
resilience into their built environment and prevent flood risks.

4.4. Summary of Lessons for Addressing Contemporary Urban Sustainability Challenges

A summary of how the Mayans’ ecological awareness can help mitigate the contem-
porary urban sustainability challenges is given in Table 4 by comparing the challenges
[Column A] with lessons drawn from the Classic Mayan Period [Column B]. Briefly, emis-
sions of GHG can be reduced if both production and consumption are localized. Emissions
will further come down if production is linked with the carrying capacity of a region not
overshooting the ecosystems. Connected to this is the provision of urban agriculture that
will not only control UHI effect but, along with forestation, also function as a sponge to ab-
sorb torrential rains. If they are based on human labor, urban agriculture and its associated
professions can provide self-sufficiency leading to availability of work and controlling the
outflow of the local population looking for work. It will also cut down imports. Recycling
is yet another lesson that can be learned from the Classic Mayan Period. When coupled
with downscaled production and green human labor, recycling can significantly control
all kinds of pollution. The end result of all of these actions is a built environment where
the ecosystems are respected, where the natural setting of a locale is not altered and retain
its identity, and where humans are part of their surroundings, all giving rise to a built
environment that is ecologically embedded.

Table 4. Summary of lessons the Mayan-built environments can offer toward addressing current urban sustainability challenges.

Urban Sustainability Challenges Solutions from the Ecological Embeddedness of the Mayan-Built Environment

High rate of GHG emissions and air pollution [3,5] There is no mass scale production and consumption. This situation lowers
emissions and maintains a normal climate [21].

Extensive transportation infrastructure adversely affects the
natural landscape [16]

Both production and consumption are localized, and land-use is mixed,
significantly reducing mobility and other infrastructure needs [64,105]

Mass production and unsustainable consumption
lifestyle [27]

Role played by ‘intense market’ is limited. There is a communal and symbiotic
way of life [41,43]. Conservation is a religious duty [48].

High levels of air, land, and water pollution [4,30] Settlement density is appropriate and coupled with downscaled production, the
environment is clean [35,58,61]. All waste is recyclable and biodegradable [106].

Alienation from one’s land and food insecurity [107] People are embedded in their locale. Food security is a high priority achieved
through urban agriculture and gardening [44,50].

Cities overly dependent on unsustainable energy and
technologies [2,14,108]

Green human labor defines the work style. Society respects the ecological
allowances and ensured a fair outcome [109]. Buildings utilize natural lighting

and ventilation [66].

Urban areas depend on imports that are susceptible to
disruptions and have enormous carbon footprints [4]

Production areas lie within the built environment, imports are limited to mainly
non-essential items, and risks are spread out [40,93,110]. This makes availability of

life essentials predictable without any significant carbon footprint.

Urban flooding [31,32] Maya settlements act as sponge cities. Blue-green infrastructure absorbs run-off
and significantly reduces flooding [36,40,77,89,102].

Urban heat islands and sprawl [15,25,26,111]
Towns are medium to low density, mixed uses. Landscaping, water reservoirs, and

urban agriculture are widespread, which capture carbon and absorb
heat [12,105,112].

Inequality and unemployment [13,29] There is fair guarantee of production [113]. Due to intensive labor requirement,
individuals are not without work [107].

The principle of mixed land uses in the Mayan-built environment can help contempo-
rary cities reduce urban sprawl and rising temperatures by minimizing the need to travel
long distances. Building configuration that allows the use of natural lighting and venti-
lation is another lesson for creating more sustainable settlements. As in the Mayan-built
environment, there is the need to promote indigenous building materials because they
are low cost, reusable and recyclable, thus lowering energy use and increasing housing
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affordability. Participatory maintenance of the built environment is yet another Mayan
feature than can bring humans and their environment together through interactions on
multiple levels. This can strike a balance between top-down and bottom-up decisions and
ensure timely reception of environmental feedback.

5. Concluding Remarks

The Mayan civilization is one of those eras of human history known for its environ-
mental legacy and ecological wisdom. In the face of growing environmental and societal
challenges, taking inspiration from Mayan culture may help us, in part at least, to shed
light on possible solutions regarding contemporary urban sustainability issues. This civi-
lization inspires us to achieve environmental sustainability through settlement patterns
that promote mixed land use, walkability, native and recyclable construction materials,
natural light and ventilation in buildings, and complete waste recycling. Urban agriculture
and gardening capture carbon improve air quality, serve as windbreaks, reduce soil erosion,
and ensure food security via organic food production. Water conservation through canals
and reservoirs provides sufficient water for household and agricultural purposes, even
during droughts. Water reservoirs are multifunctional, offering ecological, spiritual, and
socioeconomic benefits, including food production, recreation, and curbing UHI effect
and floods.

Mayans conducted their socioeconomic activities within the ecological allowances of a
given locality and listened to and addressed the environmental feedback. All components
of the ecosystem, such as land, vegetation, water, air, and animals, were revered and
protected. Human activities harmoniously co-existed with the ecosystem and were linked
to the culture and history of the society. As a result, the Mayans lived with and adapted
to the favorable and unfavorable environmental changes within their context. These
inspirations of Maya culture and their relevance are a significant and ethical frame worthy
of adoption today, especially in the face of increasing urban sustainability challenges.

This study has some important implications for towns and cities in developing coun-
tries, which are the future of global urbanization because of their rapid population growth
and expansion. The present study contributed to the recent search for sustainable urban
solutions to the existing environmental problems using the values of Mayans’ ecological
wisdom accumulated through long historical experience. The study applied a holistic
approach to improving land-use planning of contemporary cities based on the principles
of the Mayans’ settlement patterns, building configuration and construction, urban agricul-
ture, home gardening, and water conservation. In addition, the heritage left by the ancient
Maya civilization provides remarkable inspiration for this and future generations.

This study raises a fundamental question for the scholarship on contemporary cities.
What are the challenges to theoretically and practically interpret the ecological wisdom
of ancient civilizations when planning and managing overpopulated cities with the enor-
mously increased complexity of interactions, high resource consumption, climate change,
and pollution? From a strategic urban policy and planning perspective, future studies
are needed to further operationalize the idea of ecological embeddedness. The ecological
embeddedness of this ancient civilization proffers invaluable inspirations for addressing
the environmental challenges of contemporary cities towards developing more sustainable
built environments.
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Abstract: The COVID-19 pandemic has spurred significant changes in the fields of economic develop-
ment, social issues, everyday life, etc. Activities that used to depend on face-to-face communication
were firstly suspended and then shifted to new forms of communication. This includes the public
participation process in urban and spatial planning. Therefore, this study explores the new domain
developed in urban and spatial planning with regard to public participation and surmises future
realms in the post-pandemic era. On the occasion of the virtual collaboration platform Cyber Agora
organized by the ISOCARP (International Society of City and Regional Planners), chosen participants
got together virtually to share, discuss, and compare their practical knowledge in public participation
before and during COVID-19. In addition, they addressed the potential benefits of shifting from
traditional to virtual participation and potential benefits in the post-COVID-19 era. Considering the
collected data and understanding them in the light of the available literature, this study concludes
that the application of a combined approach (using both traditional and virtual modes of participa-
tion) is recommended because it would enable a larger number and higher diversity of participants.
The study also elaborates particular modes of virtual participation with the pros and cons of their
use in a particular context.

Keywords: collaborative decision making; urbanism; spatial planning; online platforms; lockdown

1. Introduction

Public participation in urban and regional planning increases the chances that deci-
sions correspond to the diverse interests and needs of different stakeholders and citizen
groups [1–5]. It also brings implementation closer to cost-effective investments and builds
the trust and satisfaction of citizens toward the government [5]. However, at the beginning
of its development, participatory planning was reserved solely for the elite [6], which
changed in some countries in the second half of the 20th century [3]. The relevance of
citizen participation has increased and become necessary in planning processes [7].

Since the COVID-19 pandemic prompted a lockdown in almost all countries in the
world [8], governments and planners were forced to improvise or develop a new func-
tionality for public spaces [9] and methods of participation [10–13]. Many techniques
characteristic of the traditional approach to participation, which required face-to-face in-
teraction, have become unviable with the COVID-19 outbreak [14]. Therefore, the use of
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technologies and virtual space has become a focal point in the development of new partici-
pation approaches [12] and conducting studies dealing with the new roles of information
and communication technologies (e.g., [15]).

Although the use of the internet was seen as anarchic at the beginning of its exis-
tence [16], it has significantly evolved, and its use exploded [17]. Together with new
technologies, the internet transformed the possibilities of collaboration [18], network-
ing [19], and participation itself [20,21]. Thus, it has developed into a “democratizing
force” that facilitates in particular the involvement of young people and individuals with
disabilities in participative processes [21–23]. About a decade ago, the use of the internet
and technologies was seen as an opportunity to upgrade participation, but it was also open
to criticism that the same people would always be interested in participation regardless
of the methods used [24]. Some cities have developed efficient virtual systems of data
collection, and [25,26] expressed concern that citizens are being reduced to the role of a
sensor, with no meaningful exchange with planners and government. The point might be,
as [27] notes, that the internet still needs to be improved in order to evolve from a “public
space” into a “public sphere”.

Authors such as [10,28,29] examined the most plausible scenarios in the post-COVID-
19 era regarding participatory planning. All of them noted that a shift of paradigms took
place during the COVID-19 pandemic, inevitably leading toward new shifts in the post-
pandemic era. The authors of [23,30–32] proposed that the introduction of technology in
the participatory process during the COVID-19 pandemic will turn into a “new normal” in
the period to come.

The purpose of participation should not only be voting for the offered solution,
but also debate with a vivid communication exchange through which an idea will be
developed [33,34], especially in the early stages of any planning process. This is one of
the reasons for the skepticism related to certain forms of virtual participation in urban
and regional planning, such as online questionnaires or data collection via mobile phone
applications. Regardless of the compensatory aspects of virtual participation during the
COVID-19 pandemic, [34] noticed that the current legal context needs to be changed
in order to equalize participants’ decisional power to its extent in an institutionalized
traditional approach. According to [34,35], there is no solid evaluation of the e-planning
and virtual approach; therefore, its effectiveness in participation is not clear. The COVID-19
pandemic has created a specific context and rapidly prompted both the ad hoc and planned
development of new virtual approaches. Their challenges and opportunities have yet
to be explored and determined. Therefore, this paper evaluates these aspects of public
participation in urban and regional planning, additionally discussing lessons learned for
the post-COVID-19 era.

This paper first presents short histories and the contexts in which public participation
and virtual public participation have developed in the case study countries. Subsequently, it
presents results from the conducted survey. Lastly, the results are discussed and conclusions
are noted in light of other academic literature.

1.1. The Practice of Public Participation

The idea of public participation in urban planning was born with Jean Jack Rousseau
in the 18th century. However, its application and institutionalization took another two
centuries [36]. The concept was first adopted nationally; however, with the Rio Declaration
on Environment and Development in 1992 [37], which promoted participation at the global
level, it has become a constitutional part of other international documents such as the
Leipzig Charter on Sustainable European Cities (Leipzig Charter 2007) [38], Treaty of
Lisbon [39], and the New Leipzig Charter [40].

The time frame in which public participation was formalized in the planning of ana-
lyzed countries spans a long period and features different evolution threads. Starting in
the 1920s, Canada was the first to introduce the institution of participation in planning,
which has increased significantly since then [41]. Unlike other socialist countries at that
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time, the involvement of the public in planning in Serbia (formerly part of Yugoslavia) was
established in 1949 by the “Basic Decree on the Master Urban Plan” (Osnovna uredba o
generalnom urbanističkom planu) [3]. Unlike the other countries analyzed in this paper,
the development of public participation fluctuated significantly in accordance with socio-
political changes; the highest level of participation was recorded in the 1970s, then subsided
during the 1990s, was quite restricted in 2003, and improved slightly in 2014 compared to
2003, but not compared to the 1970s [3]. The first federal regulations for the participation
of citizens in urban planning in Germany date from 1960 [42], and they were later modi-
fied and improved (e.g., German Building Law of 1976 [43], European Construction Law
Adaptation Act [44,45]). In Belgium, public participation arose in the 1960s from resistance
to decisions and was unregulated, before being formed into a mandatory procedure; since
the 21st century, it involves mandatory dialogue and testing. In Spain, public consultation,
as a first step in the development of urban and territorial planning, was implemented only
with the promulgation of the Planning Regulation for the development and application
of the Law on Land Regime and Urban Planning of 1978, art. 116.1 [46], which is, among
others, a result of the first democratic elections in 1977 after a long dictatorship period.
It was nevertheless an indirect kind of participation, fostered only by those public insti-
tutions that considered it necessary in the preliminary phases of planning to collect all
kinds of stakeholders’ opinions. These ideas were implemented in very few cases [47].
Public consultation in different stages of urban development was regulated only with the
promulgation of the Land Regime and Valorization Law [48,49]. In Peru, mandatory partic-
ipation was introduced by the Rights of Citizen Participation and Control Law-Law No.
26,300 in 1994 [50] to strengthen the process of the country’s democratic acculturation. In
addition, the UNDP and the National Elections Jury published a guide in 2008 to establish
mechanisms for citizen participation that do not generate abuse or chaos [51]. Lastly, public
participation in South Africa was pushed forward by the “Report on the Assessment of
Public Participation Practices in the Public Service” in 2008 [52]. In the report, the Public
Service Commission categorically urges government departments to institutionalize the
practice of public participation by, inter alia, developing their policies, guidelines, and
structures such as dedicated public participation units to drive public participation. Thus,
the introduction of public participation into formal procedures in the analyzed countries
lasted for almost an entire century, mostly expanding the rights and modes of participation,
but also with examples of hindrance and degradation due to political changes (Table 1).

Table 1. Public participation in urban and regional planning.

Country
Formalization of
the Participation

Participation Models

Consulting before a
Plan Is Drafted

Commenting on
the First Draft

Commenting on
the Final Draft

Belgium 1960s Obligatory Obligatory Obligatory
Canada 1920s Obligatory Obligatory Obligatory

Germany 1960s Non-binding but
commonly practiced Obligatory Obligatory

Peru 2010s Obligatory Obligatory Obligatory

Serbia 1940s Non-binding but
occasionally practiced Obligatory Obligatory

South Africa 2000s Non-binding but
occasionally practiced Obligatory Obligatory

Spain 2000s Non-binding but
occasionally practiced Obligatory Obligatory

Except in countries where formalized public participation was established before the
2000s, a combination of formal elements with nonbinding approaches of participation is
common along with obligatory terms of public participation. In Belgium, progressive cities
and companies go beyond formal regulations and open explicit dialogue with residents
and the population with scenarios. Under the repealed Canada’s Environmental Assess-
ment Act (CEAA), a public participation guide for environmental assessments required
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obligatory and meaningful participation, but there was also voluntary and nonbinding
participation in other aspects that required public input in other planning processes. The
Guide to Canada’s Impact Assessment Act, 2020 (formerly the CEAA) introduced sub-
stantive changes that broaden the scope of all federal assessments, and the new Impact
Assessment Act (IAA), which went into effect in August 2019, represents a fundamental
shift in federal environmental assessment in Canada [53]. The IAA [54] has a clear Public
Participation Plan which helps to identify and address the potential impact of a designated
project. Due to Germany’s federal system, there are guidelines in the different German
states (Länder) that derive their basis from federal law and stipulate specific regulations on
citizen participation in addition to regulations at the federal level. Second-level regulations
have been applied in all states except one during the 1990s [45]. As in Germany, urban and
territorial regulations in Spain are delegated to regions (comunidades). “Indirect democ-
racy” intended as the right of neighbors to be informed and to participate in public affairs
has been regulated since 1985 by the Law Regulating the Bases of Local Governments [55]
and was extended to the specific planning framework in the Land Regime and Valoriza-
tion Law [48]. “Direct democracy” or full participation in defining the transformation of
urban models is nonbinding and implemented by planners and several municipalities that
understand the benefits of citizens’ involvement. True participation is only possible when
municipalities or planners foster strategies that include “novel” approaches.

1.2. The Practice of Virtual Public Participation

In contrast to traditional forms of participation, virtual public participation is not
legally binding in all the analyzed countries. In Belgium, Germany, Peru, and Serbia,
the practice of virtual public participation is partially defined by regulations, whereas
nonbinding forms were developed along the way. In other countries, the COVID-19
pandemic was the trigger for the use of virtual participation (Table 2).

Table 2. Virtual public participation in urban and regional planning.

Country When Consideration of the Practice Began Formalization of Virtual Participation

Belgium 2020
due to the COVID-19 pandemic

Nonbinding but intensified due to the
COVID-19 pandemic

Canada The 2010s Obligatory, changes made due to the
COVID-19 pandemic

Germany The late 1990s Obligatory

Peru 2020
due to the COVID-19 pandemic

Nonbinding but intensified due to the
COVID-19 pandemic

Serbia The late 2000s
Obligatory, but only regarding public

information; new nonbinding forms developed
due to the COVID-19 pandemic

South
Africa The 2010s Nonbinding but intensified due to the

COVID-19 pandemic

Spain The 2000s Obligatory, but only regarding
public information

Independent of COVID-19, Germany was the first to consider virtual participation
in planning in the late 1990s and early 2000s. The first large-scale study of E-Citizen
Participation in German Cities was launched in 2004: “Digital Citizens’ Participation in
Germany’s Large Cities 2004” (“Elektronische Bürgerbeteiligung in deutschen Großstädten
2004”) [56]. With the most recent amendment to the Building Code (BauGB), the additional
use of the internet has become mandatory for public participation in building land-use
planning since May 2017 (Section 4a (4) BauGB). The documents must be displayed and
accessed by the public, for example, via the municipality’s internet portal [57].

The Revised Text of the Land and Urban Rehabilitation Law 7/2015 [58] in Spain made
virtual participation obligatory, but only in terms of publishing current urban plans, public
consultation calls, and information on the internet. Due to the delegation of administrative
management, some regions applied similar rules earlier, as well as fostered the presentation
of queries in a digital format (Andalucia since 2013 with the Transparency, Access to
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Public Information and Good Governance Law 9/2013 [59]). By the end of the 2000s, the
municipality of Rivas Vaciamadrid (Spain) fostered real virtual participatory processes
spurred by the ambition to reach all community members [60].

In Serbia, the Law on Planning and Construction adopted in 2009 [61] required the
public display of plans on the internet, thus establishing the first obligatory aspect of
virtual participation, which has not developed further since then. However, nonbinding
forms started to emerge increasingly with the COVID-19 pandemic. COVID-19 realities
also boosted the need for virtual participation in South Africa, although virtual public
participation is not a common feature due to technology constraints and limited infrastruc-
ture. Similarly, the pandemic hastened alternative ways of participation (meaning virtual
participation) in Peru and Belgium.

Pandemic-inspired actions led to official regulation changes in Canada. Canada
Bill 189 [62] was an Act to amend various Acts (including the Planning Act) to address
COVID-19. Moreover, Ontario Regulation 149/20 [63] stipulates special rules related to
the declared emergency. The “Canada Digital Charter in Action” initiative was created
earlier. However, specifically since 2020, virtual public participation and engagement have
become evident due to pandemic measures such as lockdown and social distancing.

In Peru, the Public Participation and Digital Government Law [64] is mandatory, but
work with virtual mechanisms in urban planning began as a result of the pandemic. There is
no specific related law, and it is not mentioned in the new Sustainable Urban Development
Law of 2021 [65]. There was only one Manual of Metropolitan Development Plans in 2020,
where it is recommended to adopt virtual measures for public participation [66]. This
is because the development of two metropolitan plans for Lima and El Callao provinces
began at the end of 2019 and the beginning of 2020, respectively.

The COVID-19 pandemic is the reason why online meetings have become one of the
inevitable tools for public participation in all the analyzed countries. In South Africa, it
even became legally binding. Another means of virtual public participation inspired by
the pandemic is online voting, which was introduced as legally binding in South Africa
and as legally nonbinding in Canada, Germany, Serbia, and Spain. Other forms of virtual
public participation were introduced in only a few countries (Table 3). In Ontario, the
City of Toronto approved virtual public hearings and participation due to COVID-19 via
telephone, tablets, computers, and smartphones.

Table 3. Forms of virtual public participation in urban and regional planning.

Forms of Virtual Participation Belgium Canada Germany Peru Serbia South Africa Spain

Documents available
for public inspection on

a website

Legally nonbinding / / / / / / /
Legally binding Yes Yes Yes Yes Yes Yes Yes

COVID-19 inspired / / / / / Yes /

Online voting
Legally nonbinding / Yes Yes Yes Yes / Yes

Legally binding / / / / / Yes /
COVID-19 inspired / Yes Yes Yes Yes Yes Yes

Online meetings
Legally nonbinding Yes Yes Yes Yes Yes / Yes

Legally binding / / / / / Yes /
COVID-19 inspired No Yes Yes Yes Yes Yes Yes

Mobile phone
applications

Legally nonbinding Yes / Yes / / / /
Legally binding / / / / / / /

COVID-19 inspired Yes / / / / / /

Submission of remarks
and suggestions by

e-mail/digital registry

Legally nonbinding / / / / Yes / /
Legally binding / / / / / / Yes

COVID-19 inspired / / / Yes Yes / /

Simplified procedure to
consult planners by

phone/mail

Legally nonbinding / / / / / / Yes
Legally binding Yes / / / / / /

COVID-19 inspired / / / Yes / / Yes

Regardless of the transition to virtual forms of participation, stakeholders have mainly
remained the same. Virtual meetings, information on web pages, and online voting were
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accessible to all stakeholders—from citizens to nongovernmental organizations, the civil
sector, public institutions, etc. In some cases, the range of stakeholders depends on the
type of project (plan), the governmental body responsible for the plan, and other factors.
For example, in Germany, there is no exact participation procedure or defined tools, but
they could vary depending on the state/local government. In the case of Serbia, alternative
(legally nonbinding) documents such as Green City Action Plan (GCAP) were financed
by the EBRD and the Japanese government; therefore, the documents went through a
different procedure than the Spatial Plan of the Republic of Serbia that was conducted by
the state government (both were created during the pandemic). The action plan procedure
involved a wider range of virtual participation tools (e.g., online voting, online meetings,
and e-mail communication), whereas, for the Spatial Plan, only remarks and suggestions
could be sent via e-mail. However, the Spatial Plan involved all possible stakeholders
willing to participate, whereas GCAP meetings were mainly accessible to invited City
Government representatives.

One of the successful case finalizations of an urban project appears to be the Eu-
ropaplatz in Tübingen (Germany) (open public space), whose renovation was discussed for
25 years before the COVID-19 pandemic. The last public planning workshop was canceled
due to pandemic restrictions tightening in autumn 2020. Instead, a digital format was
developed. The planning was explained by various experts in videos. All the information
was processed textually and graphically on the website and presented by the daily newspa-
pers. Participation was intensively advertised via various social networks and mailing lists.
Valuable suggestions were received such that the planning was modified in parts. The
positive vote with 70% approval and only 10% clear rejection showed that the planning
is based on broad urban society consensus. A comparatively large number of younger
people and families were reached. Overall, the media and public considered this to be a
success, especially regarding the fact that it was one of the first digital formats for citizen
participation in Tübingen and, thus, still in the trial stage [67].

2. Materials and Methods

The onset of the COVID-19 pandemic hindered traditional and prompted new forms
of public participation in urban and regional planning. Many activities, including planning,
were relegated to a position of secondary importance compared to the health (and economic)
emergency. This forced shift resulted in a range of ad hoc solutions, simultaneously
showing the drawbacks of previously never-tested tools and new opportunities to join
the participatory process. The virtual experiences produced under the pandemic will be
even more relevant in the future (of planning) than their chance to serve as participation
processes during the lockdown. The objective of this research was to investigate the
problems of and opportunities for virtual public participation tools and evaluate them
with a view to their integration into the official public participation system in urban and
regional planning.

This research is, therefore, based on the following hypotheses:

Hypothesis 1 (H1). The ad hoc development and application of virtual participatory tools, which
could not be previously tested, highlight problems and obstacles in the public participation process.

Hypothesis 2 (H2). Regardless of their ad hoc development and application, virtual participatory
tools show certain advantages that make them worthy of becoming standardized tools in public
participation that can even be implemented beyond the present COVID-19 times.

Concerning research design, this research is based on case-controlled studies evaluated
by the expert assessment method. Seven countries were analyzed as the case-controlled
studies in order to identify the possible predictors of positive outcomes of using virtual
participation tools in public participation in urban and regional planning. Case-controlled
studies are also referred to as observational studies where, in this particular research, seven
experts in urban and/or regional planning (authors of the paper) assessed the problems
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of and opportunities for virtual participation and the prospects of its application in the
post-COVID era.

The experts and, hence, the cases were selected by the convenience method with
reasoning. Specifically, due to the new pandemic circumstances, the ISOCARP (Interna-
tional Society of City and Regional Planners) organized a virtual collaboration platform
(Cyber Agora) for its members. At the point of the COVID-19 outbreak, the gathering of
urban and regional planers from all over the globe was considered the best opportunity
to recruit professionals in this field, all affiliated with the ISOCARP and being interested
and experienced in dealing with participation before and during the COVID-19. On the
occasion of the second meeting devoted to “Virtual Public Planning Participation: Hype
or New Normal?”, the participants were invited to collaborate on the preparation of this
study. The authors of this paper are those who accepted and went through the preparation
processes. In addition to the convenience of the selection, the choice of case studies also
corresponded to the basic reliability criteria: (1) encompassing different sociopolitical back-
grounds, (2) involving cases with different lengths of experience in public participation,
and (3) addressing experts from both academia and practice.

As a result, the subjects of this research are Belgium, Canada, Germany, Peru, Serbia,
South Africa, and Spain. The study is designed as exploratory research in which data
collected for the analysis include expert observations and assessments by the authors of
the paper, as well as assessments reported in the academic literature and media on under-
standing the implications for public participation in urban and regional planning during
the COVID-19 pandemic. Primary data (the authors’ observations and assessments) were
collected by survey, technically supported by the Google Form platform. Survey-based
research is conducted without predetermined notions of the expected responses [68]. Such
surveys are common in social and psychological research and are often used to describe
and explore human behavior [69]. The questionnaire in this study consisted of 42 questions
divided into four major topics: (1) main characteristics of the planning systems, (2) for-
mal/informal occurrence of virtual public participation, (3) public participation challenges
occurring during the COVID-19 pandemic, and (4) public participation opportunities devel-
oped during the COVID-19 pandemic. More than half of the questions were open-ended,
whereas the remaining questions were multiple-choice with the possibility of entering
original answers (“Other: . . . ”). This way, a balance was enabled between new knowledge
and the comparability of the answers.

A qualitative evaluation was made of the collected data. Despite the possibility of
quantifying some of the answers collected by the survey, the fact that the research involves
only seven countries influenced the decision to evaluate the results qualitatively. The
responses were interpreted narratively, with the frequent use of phrases characteristic for
qualitative research (e.g., “predominantly”, “mostly”, “hardly”, “on average”, “majority”).
In addition, the categorization method was used to identify the main groups of challenges
to and opportunities for virtual participation.

3. Results

3.1. Challenges to Virtual Public Participation

The challenges to virtual participation in urban and regional planning are not neces-
sarily related to the shift from traditional to virtual platforms. In general terms, COVID-19
caused timeline, deadline, and process delays; however, despite a certain level of adapta-
tion to the new context, virtual participation also suffered from the insufficiencies inherited
from traditional forms of participation. This included the challenge of reaching all relevant
stakeholders (particularly vulnerable groups), as well as participants’ knowledge and
understanding of planning procedures and aims.

However, experiences from the analysed countries indicate that virtual public partici-
pation during the COVID-19 pandemic has met specific challenges. These challenges can
be categorised as follows: (1) accessibility, (2) reliability, and (3) trustworthiness.
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This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

3.1.1. Accessibility

The accessibility issue refers to inequalities in terms of participation from the moment
when the internet and technical equipment (computers and mobile phones) became an
essential prerequisite for participation in planning. Even though it was not intentional,
experiences from the analyzed countries show that accessibility to virtual participation
was hindered by (a) an urban–rural divide, (b) a wealthy–poor divide, (c) a young–elderly
divide, and (d) a gender divide. According to the survey, Canada, South Africa, and Peru
were challenged the most, while Belgium successfully diminished the problem.

Since the pandemic, it should be noted that rural municipalities have had difficulty
participating because of poor access to the internet. To address this inequity, postcards of
notification and hard copies of documents were sent to be picked up at certain locations
in Canada. The significant difference in infrastructure levels between urban and rural
areas in Serbia includes the road infrastructure, water supply, sewage system, and acces-
sibility to the Internet [70]. As rural areas are usually populated by an older population,
the accessibility problem increases. In Spain, internet access of the elderly population
(65–74 years old) is 69.7%, which is significantly smaller compared to the average of 93.2%
(16–74 years old) [71]. As in many world cities, the COVID-19 pandemic also highlighted
the digital divide and inequalities within Canadian communities. Wi-Fi hotspots and
public spaces, public libraries, and restaurants providing Wi-Fi access became unavail-
able during COVID-19 lockdown periods, whereby a large number of residents were left
without internet access.

In Canada, online inequality and poor access to the internet were problematic not
only for seniors but also for people with disabilities and BIPOC (Black Indigenous People
of Color) in low-income neighborhoods. Limited access to digital platforms is, thus, a
common feature. In most cases, it was the vulnerable and disadvantaged communities
that were most affected by internet access during the lockdown. In rural communities,
there are often fewer internet services and lower internet service speeds compared to urban
centers [72]. In Spain, it was determined that 91.4% of Spanish households have access
to the internet, but the COVID-19 pandemic highlighted that low-income families in this
country have access mostly through mobile devices. Although this might seem adequate,
it was found that this situation leads to a wider divide.

The inclusiveness of marginalized groups in some societies remains a global challenge.
There are cultures where not all community members can speak up during public meetings
or have access to mobile phones or the internet. Therefore, their attempts to reach out to
these groups digitally are more challenging.

Inequality in terms of accessibility is further magnified by uneven digital literacy,
where elderly and rural populations in particular show lower levels of computer literacy. In
this sense, digital infrastructure, access, and literacy became very relevant for virtual public
participation during the COVID-19 lockdown. In Serbia, for example, more than half of
the population (51.0%) over 15 years of age is computer-illiterate, with substantial regional
differences [73]. The Government of Ontario (Canada), therefore, allocated 150 million
CAD to expand broadband internet across the province, as part of a previous 315 million
CAD plan developed to improve digital connectivity in rural communities, emphasizing
the high costs associated with technology advances, but also the importance of leadership
and political will in addressing inequality in technology accessibility.

3.1.2. Reliability

Due to its ad hoc development and considerable improvisation, virtual participation
still has not had the opportunity to solve technical and methodological issues. Therefore,
a range of challenges were recognized, starting with (a) the gap between traditional and
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virtual participation, (b) the lack of virtual participation methodologies, (c) poorly targeted
participants, (d) the rigid discussion structure, (e) anonymity, (f) the lack of informal
discussion, (g) “self-service”, and (h) the lack of reliance on body language. Some countries,
such as Belgium, found a new efficient way to involve citizens, which works well despite
the initial skepticism. In contrast, South Africa and Peru reported the greatest difficulties.

There is limited knowledge of virtual participation methodologies. Virtual engage-
ment can be negatively and automatically characterized as being inequitable. Judging by
the experience in South Africa, virtual communication is emphasized more than virtual
participation. Large Zoom meetings are possible but expensive; therefore, not all interested
parties can participate at once. This diminishes the value and the purpose of the discussion.
This is often viewed as a lesser investment of resources and is, thus, equated with a lesser
effort to engage diverse and representative participants within a community. In Serbia,
citizens were deprived of the public presentation of the Spatial Plan of the Republic of
Serbia. This and similar deficiencies in supportive documentation and data are a barrier to
proper presentation of the plans and, hence, meaningful participation.

Due to the sudden shift from traditional and well-known methods of participation
materials and participation itself, some stakeholder groups and citizens were left out. The
narrower scope of participants was risky in terms of the involvement of all target groups,
which led to the provision of false information.

Online voting (survey) on a specific aspect of a plan provides easy access, but it is also
usually anonymous. Thus, it is a safe place to express opinions, but the accountability of
the contributors should be carefully considered, since the outcomes of “self-service” further
guide public spending and affect others. The City of Belgrade (Serbia) also tested the
possibilities of such virtual participation through the Green City Action Plan for the City of
Belgrade, which was envisioned as a participatory procedure to define a vision, mission,
and main objectives. The primary idea was to gather various parties in a workshop, which
was dismissed after the COVID-19 crisis accelerated. To enable the timely completion of
the project, the consultant and the City decided to provide public online voting where
citizens could suggest various proposals. The submitted proposals showed a lack of
understanding of the term “vision”. This example pointed out the great relevance of
well-trained moderators in leading the participation process, since they are excluded by
default in forms of virtual participation such as online voting (survey).

Similar findings were recorded in Spain with a preliminary participatory process
conducted in Santander in July 2020 during the lockdown period. The process constituted
in-person and online activities, but the latter lacked explanations. Moreover, limited space
was provided for participants to include personal opinions and suggestions, thus limiting
participation and failing the objective of being citizen-driven.

Furthermore, the apathetic nature of virtual participation means that it is not possible
(in most cases) to read body language, further limiting meaningful conversation and the re-
liability of the participation results. Virtual discussions tend to have more rigidly structured
questions compared to in-person discussions; thus, they do not lead to discussions outside
their realm that may be important depending on the sociocultural circumstances. In digital
media, there may be a degree of abstraction and social isolation that can reduce the joy
associated with a group effort, which discourages potential participants from taking part.

In Lima, different results were achieved when the participatory processes of the
Metropolitan Development Plan (which started in late 2019) were taken online. There
were very limited discussions, and this created further uncertainty for the stakeholders. In
Serbia, especially in rural areas, it was also found that stakeholders were bewildered by the
unexpected transition to virtual means of discussion. In Munich (Germany), on the other
hand, strict planning regulations and formal processes lacked the freedom of participatory
and cocreation formats. As mentioned in the ongoing Smart Together program “not all
local problems can be solved with the smart city project, which can lead to frustrations of
residents” [74]. Other cities, however, do embrace the benefits of participatory planning.
For example, in Antwerp (Belgium), the enormous resistance to finishing the city ring grew

219



Land 2021, 10, 1379

into a collaboration with Ringland authorities, which resulted in the ring being covered in
strategic places, such that the city is connected to its spacious surroundings by parks.

3.1.3. Trustworthiness

Remote communication and “self-service” participation only accentuate the issue of
trust between governments and experts, on the one hand, and participants, on the other.
In the survey conducted for this analysis, the experts identified the following aspects
that harm trustworthiness in virtual public participation: (a) depersonalized participation,
(b) give-up rate, (c) mistrust in the corrupted system, (d) fear of misuse of personal data,
(e) interference of hackers, and (f) appearance of fewer efforts. The most concern regarding
these aspects was shown in South Africa, whereas it was very little in Serbia and Spain,
and completely insignificantly in Belgium.

Even when public administration offers online services, some citizens might still prefer
to use traditional (in-person) ways to communicate with the local administration, arguing
that it might provide an opportunity for more interaction and clarification regarding
intentions and attitudes. There is often the lack of a “human touch” when face-to-face
engagements are replaced by virtual encounters. Members of some communities feel more
confident sharing details with people of the same gender or ethnicity. Virtual participation
does not seem as inviting as face-to-face collaborations, and a preference for tête-à-tête
communication deters some participants from involvement in virtual participation. Video
call meetings might make it easier to be present, but they do not necessarily enhance
participation, especially since some participants tend to keep their microphone muted
and video off, thus depersonalizing their participation to the maximum. A facilitator
would tend to skip such participants during the discussion and would, thus, limit the
meaningfulness of the participation.

Inclusive virtual participation could face more challenges in cities where there is poor
trust in governance. For example, in Lima (Peru), significant omissions are evident in city
planning due to corruption, weak coordination mechanisms by the Metropolitan Gover-
nance, and the lack of an official term for planning in the Peruvian legislation. Research
on the biosphere reserve in Serbia has shown that trustworthiness and overall willingness
to participate in planning processes highly depend on the implementation success of pre-
vious projects based on a participatory approach. The perception that a complex matter
is difficult to do online, along with mistrust in the use of personal data on the internet,
plays an important role when attracting people to take part in virtual participation. When
it comes to the use of technologies, especially applications, citizens showed skepticism
regarding personal data manipulation, while participation hosts encountered problems
caused by hackers.

3.2. Opportunities for Virtual Public Participation

Virtual participatory planning approaches do, however, provide various opportunities
to improve public participation. Some of the opportunities are even universally applicable
to all three groups of challenges—accessibility, reliability, and trustworthiness. The case
of the town of Hildesheim (Germany) has shown that online participation in times of a
pandemic can certainly work and also lead to good and usable results. The number of
clicks and participants proved that a high number of people could be reached [75].

Virtual platforms were also found to make it easier to engage with larger audiences.
In Lima, for example, given the COVID-19 pandemic, citizens’ and architects’ participation
in virtual conferences, seminars, and forums developed by the College of Architects of
Peru greatly increased. This was seemingly due to the elimination of commuting to the
venue, as well as growing interest in topics about the city’s future.

In 2019, in Rivas Vaciamadrid, a small city in Spain with 88,150 inhabitants, a digital
platform for participatory budgeting attracted approximately 200 proposals, followed
by 3000 votes. The platform enabled an easy evaluation process, resulting in 14 actions
being duly selected for funding, worth 300,000 EUR. In Munich, it became evident that

220



Land 2021, 10, 1379

a combination of working offline and online can lead to better results, for example, opti-
mizing workshops using the MunichApp in combination with existing events and local
bottom-up initiatives. However, the overall impression in Spain is to be cautious, since
the opportunities for virtual participation during COVID-19 could lose their relevance in
post-COVID times. After all, the lockdown unencumbered many people who had more
time to participate in online meetings. This does not necessarily mean that, in the future,
virtual activities will not have the same number of participants.

Therefore, Spain is the only example that does not see shifts during the COVID-
19 pandemic as a sound opportunity to improve accessibility to participation through
lower costs in organizing (no expenses for the venue and catering) and participating (no
need to travel), as well as a significantly smaller time requirement when participating
from a personal computer/mobile phone. Even though the reduced costs and lower time
requirement were identified as opportunities in the majority of the analyzed countries, they
did not significantly influence the number of participants in Serbia and Spain. However, if
a virtual meeting had taken place in the case of Serbia’s National Spatial Plan, the results
would have been different, because an opportunity would have been provided for citizens
outside of the capital city to participate, thus having a much better inclusion of rural and
remote areas.

Similarly, it was noticed that young people are more comfortable using new technolo-
gies than older people. Therefore, virtual participation balanced out young people with
experienced citizens in Canada, Germany, Peru, and South Africa, but not in Belgium,
Serbia, and Spain. In the latter three countries, a misconception was noted about the
digital knowledge of the elderly who are eager to learn, especially since COVID-19, and
who wish to improve their information and gain inspiration. In addition, the youngest
generations were not included, since having technological skills without experience does
not necessarily mean an improvement in participation. The target group of participants
was aged 30–50 years.

Representatives of all the analyzed cases were nevertheless unified on the matter
that some applications (e.g., Zoom) are an opportunity to improve trustworthiness by
running polls and presenting the results during meetings. Virtual participation processes
assist with the facilitation of meetings, as the platform ensures that all voices are equal,
rather than the frequent scenario where the “loudest person is heard”. Six out of seven
experts estimated that user-friendly interface applications could enhance participatory
approaches and quality control, as well as present information effectively and transparently
via virtual platforms, thus contributing to accessibility, reliability, and trustworthiness.
Virtual platforms could ensure that reachability is extended even further, especially through
asynchronous processes and by providing the option to view the recording of events at a
convenient time and day. Virtual platforms make it possible to extend inclusiveness and
overcome many of the traditional barriers to participatory processes.

The research identified that virtual platforms often lead to promptly obtained results.
Voting for scenarios can be done virtually (graphically, with videos telling the story and
explaining the scenarios). Virtual participatory platforms enable measurable results from
the input of all participants, and these inputs are formally acknowledged through the
digital structures. The city of Munich, for example, has created a smart data platform for
the project Smarter Together known as the Transparency Dashboard, which gives interested
people a clear and comprehensive overview of what kind of data are being collected in the
project, how they are processed, and the measures taken to protect data and privacy, among
others [74]. These digital advances improve transparency and, as a direct result, enhance
trustworthiness. Two experts agreed that virtual platforms provide an opportunity to
build trust in their countries, four of them thought that virtual platforms help to overcome
language barriers, and three of them thought that COVID-19 is an opportunity to rethink
“business as usual”.
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3.3. Legacy for Post-Pandemic Times

The pandemic has forced many municipalities to move toward digital participatory
methods to continue developing their ongoing urban projects. Some of them have had
the opportunity to try different digital tools and assess them on the basis of their own
experience. There have been some difficulties given the novelty of these methods, but a
considerable number of municipalities are satisfied with implementing online methods.
They were able to reach more people with good levels of participation. At the same time,
they have seen the multiple possibilities offered by online tools and how to combine them
with well-known offline participatory methods.

They have become more aware of the importance and need for virtual participation,
as experienced in Belgium, Germany, Peru, South Africa, and Serbia. The advantages,
such as the easier organization of online discussions, as well as data collection (opinions)
via websites, e-mails, and digital registries, have made governments realize that methods
developed to deal with the specific conditions of the pandemic are also practical for
post-pandemic times. For example, in Germany, public participation, which used to be
primarily analog, is now inevitably becoming largely digital. All over Germany, cities
such as Hildesheim, Duisburg, Dortmund, Munich, Frankfurt, and Lindau are calling for
digital participation formats for the development of planning areas [76]. Numerous cities
have developed online participation formats such as online meetings, online voting, and
increasing communication on social media.

Governmental actions in Canada went beyond awareness and the idea of new possi-
bilities, since amendments were made to the legislation. For example, Ontario’s Bill 197
(Chapter 18 of the Statutes of Ontario) [77] is an Act to amend various statutes in response
to COVID-19 and to enact, amend, and repeal various statutes, Bill 189–Chapter 6 [64] is an
Act to amend various Acts to address COVID-19, and Ontario Regulation 149/20 Special
Rules Relating to Declared Emergency [65] is the provincial legislation that sets the rules
for land-use planning in Ontario.

In any case, there is still a long way to go in most other countries when it comes to
the implementation of these new tools for urban planning purposes. In South Africa, for
example, the issue is limited funds and willingness to invest in such infrastructure, whereas,
in Serbia, there is a fear that the government will use the inclusion of online meetings as
justification for the exclusion of in-person dialogue between experts and citizens in public
inspections. In Spain, a different understanding of the value of public participation in the
whole process of planning (empowerment of neighbors) would be the first step toward the
later implementation of all kinds of virtual participatory processes. Several experiences,
such as in the cities of Rivas Vaciamadrid, Santander, Oviedo, or Albacete, despite the
focus on smaller city areas, show the worthiness of the participatory approach.

All experts nevertheless agreed that the most successful aspects of public participation
created during the COVID-19 pandemic should remain part of regular planning practice.
The main arguments in favor of this were as follows: they do not contravene the applica-
tion of a traditional approach; online meetings are an opportunity for those who cannot
participate due to time constraints to see the recorded video; new virtual participation and
public discussion can reach a greater number of citizens along with a different target of
stakeholders; digital submissions of remarks and suggestions might be easier for citizens,
governments, and consultants; a digital record of entries is easier to sort and integrate into
public reports. The development of a hybrid model of public participation is seen as a
win–win situation for all.

Out of 13 opportunities recognized in the analysis, experts from Canada, Germany, and
South Africa estimated that more than 10 of these would be suitable as part of traditional
planning in the future, and experts from the other countries chose between six and 10.
There are two opportunities that all experts considered relevant to keep as part of regular
practice: (1) recorded online meetings because they enable their content to be seen by
groups of interested stakeholders that could not participate in the meeting, and (2) the
use of applications that allow the creation of polls during the meetings so that results
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can be shared with participants immediately. The majority of the experts also considered
that virtual participation is an excellent opportunity to enlarge the number of participants
willing to get involved due to (1) lower costs for the participants (no need to travel),
(2) smaller time demands (no traveling to the venue and back), and (3) an easier evaluation
process enabled by the use of online platforms.

Less popular, but still chosen by the majority of experts, were opportunities to
(1) balance out young people with experienced citizens because they are more comfortable
using new technologies, (2) reduce costs for the organizers (no venue, catering, etc.), (3) en-
hance participatory approaches and quality control with the help of user-friendly interface
applications, (4) rethink “business as usual”, and (5) be more transparent by effectively
presenting information via virtual platforms. Only a few experts considered that virtual
platforms help to overcome language barriers and build trust between participants and
government/consultants.

4. Discussion and Conclusions

This study showed that virtual participation in urban and regional planning faces
similar drawbacks to those in traditional planning participation, such as the participants’
knowledge of planning principles and goals, as well as the involvement of a large number
of stakeholders from diverse sectors and spheres. As [78,79] noted, the majority of the
population is not interested in active participation in decision making, but they often get
involved in order to protect their private interests. They do not realize the benefits or
the important contribution of citizen participation [80]. Compared to traditional ways
of participation, participants’ knowledge must include how to use the technology (com-
puter/mobile phone) and applications installed on electronic devices. Although [81] stated
that technological possibilities and skills no longer represent an obstacle, [82] noted that
technological literacy is developing gradually, and that part of the population is still not
familiar with or comfortable using ICT.

On the one hand, the use of technologies in the participation process opens the possibil-
ity of involving a larger number of people and, hence, a broader scope of stakeholders. This
issue has also been broadly addressed in other sources. The authors of [2,11,15,19–21,83]
considered that virtual participation enables more flexible involvement of stakeholders
and saves time and money for both organizers and attendees. If these are the reasons why
participants should take part in the processes, technology and accompanying software
make it possible. Forms of participation that do not require discussion also help; potential
participants can share their opinions at a time that suits them best via e-mail, online ques-
tionnaire, survey, online platform, etc. [15]. Virtual participation eliminates the dimension
of physical distance [84] and reduces the CO2 footprint due to reduced travel [83,85].

On the other hand, it has been noted by other researchers that using a solely virtual ap-
proach eliminates some participation from the public participation process [82], especially
in the case of the elderly [7]. Those who are used to traditional participation forms, do not
have a computer/mobile phone, or are not sufficiently familiar with the use of technology
could choose or be forced to stay out of the participation process. Additionally, part of the
population does not have internet access, which implies a digital divide when combined
with the lack of technical equipment and knowledge [13,21].

Technical knowledge and internet access are closely related to the local context: in-
dividual and group access to the infrastructure and their social status. Thus, the digital
divide results from the urban–rural [86], wealthy–poor [12,13], young–elderly [21,87], and
gender divides [12,82,87–89], as recognized in this study and by other authors. It was also
noted, as confirmed by [11], that the divide based on social status is the foundation for
the divide based on skin color. The authors of [90] also registered the problem of disabled
persons who might be included in the participation more easily with the introduction of
technological means, but only if the interface is adapted to their requirements.

Therefore, overcoming technical obstacles is relevant to improving the possibility of
marginalized groups’ participation and overcoming difficulties in communication and
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understanding between participants from different milieux and social groups [2,7,19,33].
A serious level of improvement is also expected in the sphere of data protection, anonymity,
and transparency on the technical side of the processes [21,91,92]. New and more visually
attractive forms of plan presentation also increase responsiveness in the participation pro-
cess and, to a certain extent, eliminate the absence of face-to-face communication between
plan creators and other stakeholders [15,87]. This is crucial for target groups reluctant to
enter virtual (nonpersonal) exchange without informal social interactions [7,19,82]. Since
virtual exchange reduces the ability to ask questions [19], it leaves the virtual participants
(if the meetings are mixed) on the margin of the conversation [93,94].

Other studies stated that some participants might withdraw from participation be-
cause they do not feel competent enough to share their opinion with professionals [95].
In contrast, some forms of virtual participation (e.g., voting, mobile applications) do not
require a public display, thereby easing participation for those who feel embarrassed [96].
A simplification of planned design and its outcomes might be clearer to a wider range of
participants through virtual reality (VR) and augmented reality (AR). As technology is an
essential part of a smart city, it is natural that it plays a significant role in planning itself.
The authors of [97,98] emphasized that VR and AR greatly assist in good quality planning
because they enable authentic simulation and visualization of planned interventions in
space, thus allowing participants to make the right decision when deciding to either accept
or decline the offered design. VR and AR are, nevertheless, new tools in planning; therefore,
they require further improvements to present the scenario more realistically and engage
a wider range of stakeholders by improving easy access, simple understanding, level of
amusement, etc. [99,100].

Some authors (e.g., [3,101–103]) argued that public participation suffers from formality,
which does not fulfil its purpose of the true inclusion of stakeholders and citizens in the
process. As noted by this study and confirmed by [12], this might significantly hinder
participants’ trust in the process and their motivation to get involved. New and virtual
forms of presenting public discussion results (e.g., graphs, polls) increase transparency
and, hence, trust [7]. In addition to the use of presentation forms, the technology enables
video and audio recording [82], which greatly increases the dissemination, transparency,
understanding of the discussed document, and the quality of the stakeholders’ response in
the ensuing participation rounds.

In conclusion, the COVID-19 pandemic has served as a change initiator in public
participation, including participation in urban and regional planning. The changes were
mainly directed toward the introduction of technology, with improvised and planned new
forms of online participation. According to the results of this and other studies that dealt
with the consequences of COVID-19 (e.g., [23,30,104]), new approaches and a shift toward
virtual participation have already been considered the “new normal”. In this sense, it is
underlined that face-to-face communication and traditional forms of participation cannot
be simply replaced by virtual forms of participation [2], but virtual participation offers
new opportunities that were not possible in the traditional approach. Therefore, other
studies (e.g., [9,12,13,17,81]) advocate a combined approach as the best solution for future
participative processes, which is emphasized by the authors of this study, particularly for
the field of urban and regional planning.

The shift toward a combined approach should flow in parallel with technological
advances and their application in participation, along with the awareness-raising and
education of all potential participants in the use of technology and the purpose of ur-
ban and regional planning in order to maximize the meaningfulness of the shift [4,15,87].
A combined approach in the post-COVID-19 era would spur a larger number of stakehold-
ers and their diversity, which is considered the ultimate precondition for a successful and
meaningful participatory process [2,3,7,12,82,95,105]. Before COVID-19, [2] explored tech-
nical and methodologically detailed solutions to improve virtual participation, which [81]
conducted in the specific COVID-19 context. Their results can be used as a starting point
when adjusting to a combined approach. Additionally, [7] noted that the practice of at
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least one face-to-face meeting should be kept, following the recommendations by [15] to
hold the participation process in several rounds and by [87] to involve participation in the
earliest stage of planning and keep it through the entire process.
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70. Pantić, M. Sustainable Development Perspectives for Serbian Mountain Areas: Lessons from the European Context. Ph.D. Thesis,

TU-Dresden, Dresden, Germany, 2014. Available online: https://nbn-resolving.org/urn:nbn:de:bsz:14-qucosa-144339 (accessed
on 1 July 2021).

227



Land 2021, 10, 1379

71. Instituto Nacional de Estadística Encuesta sobre Equipamiento y Uso de Tecnologías de Información y Comunicación en los
Hogares, Notas de Prensa. 2020. Available online: www.ine.es/prensa/tich_2020.pdf (accessed on 3 July 2021).

72. Canadian Radio-Television and Telecommunications Commission (CRTC). Available online: https://crtc.gc.ca/pubs/cmr2019-
en.pdf (accessed on 7 July 2020).

73. Statistical Office of the Republic of Serbia (SORS). Educational Attainment, Literacy and Computer Literacy—Data by Municipalities
and Cities; SORS: Belgrade, Serbia, 2013.

74. Smarter Together. Available online: www.smarter-together.eu/projects/citizen-stakeholder-engagement-munich (accessed on
12 September 2020).

75. Stadt Hildesheim-Online-Bürgerbeteiligung in der Stadtplanung. Available online: www.hildesheim.de/rathaus/pressemeldungen/
2021-03-09/online-buergerbeteiligung-in-der-stadtplanung.html?type=2# (accessed on 23 May 2021).

76. Urban Digital. Available online: https://urban-digital.de/digitalisierung-stadt-in-zeiten-covid-19-teil-2/ (accessed on
3 July 2021).

77. Bill 197 An Act to Amend Various Statutes in Response to COVID-19 and to Enact, Amend and Repeal Various Statutes, Chapter
18 of the Statutes of Ontario. Available online: https://www.ola.org/en/legislative-business/bills/parliament-42/session-1/
bill-197 (accessed on 15 July 2021).

78. Putnam, R.D. Bowling alone: America’s declining social capital. J. Democr. 1995, 6, 65–78. [CrossRef]
79. Hahn, J. Soviet Grassroots: Citizen Participation in Local Soviet Government; IB Tauris: London, UK, 1988.
80. Lee, J.J.; Kim, Y.S.; Kim, H.; Kim, D.Y. The Present Status and Government Officials Recognition on the Citizen Participation in

Comprehensive Plan–Focused on Municipalities of Gyeonggi-do. J. Urban Des. Inst. Korea Urban Des. 2015, 16, 5–16.
81. Henry, S.M.; Bazilian, D.M.; Markuson, C. Just Transitions: Histories and Futures in a Post-COVID World. Energy Res.

Soc. Sci. 2020, 68, 101668. Available online: www.sciencedirect.com/science/article/pii/S2214629620302437 (accessed on
17 September 2021). [CrossRef]

82. Osafo, E. Engaging Communities in Challenging Times: Lessons Learned from the Master Gardener Program during the
COVID-19 Pandemic. Adv. Dev. Hum. Resour. 2021, 23, 75–87. [CrossRef]

83. Fox, H.E.; Kareiva, P.; Silliman, B.; Hitt, J.; Lytle, A.D.; Halpern, S.B.; Hawkes, V.C.; Lawler, J.; Neel, M.; Olden, D.J.; et al. Why do
we fly? Ecologists’ sins of emission. Front. Ecol. Environ. 2009, 7, 294–296. [CrossRef]

84. Jiminez-Zarco, A.; Gonzalez-Gonzalez, I.; Sagio-Rubio, F.; Torrent-Sellens, J. The co-learning process in healthcare professionals:
Assessing user satisfaction in virtual communities of practice. Comput. Hum. Behav. 2014, 51, 1303–1313. [CrossRef]

85. Fraser, H.; Soanes, K.; Jones, S.A.; Jones, C.S.; Malishev, M. The value of virtual conferencing for ecology and conservation.
Conserv. Biol. 2016, 31, 540–546. [CrossRef]

86. De Filippi, F.; Coscia, C.; Guido, R. From smart-cities to smart-communities: How can we evaluate the impacts of innovation and
inclusive processes in urban context? Int. J. E-Plan. Res. 2019, 8, 24–44. [CrossRef]
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Abstract: To tackle urban heterogeneity and complexity, several indices have been proposed, com-
monly aiming to provide information for decision-makers. In this study, we propose a novel and
customizable procedure for quantifying urban ecosystem integrity. Based on a citywide approach, we
developed an easy-to-use index that contrasts physical and biological variables of urban ecosystems
with a given reference system. The Urban Ecosystem Integrity Index (UEII) is the sum of the averages
from the variables that make up its intensity of urbanization and biological components. We applied
the UEII in a Mexican tropical city using land surface temperature, built cover, and the richness of
native plants and birds. The overall ecosystem integrity of the city, having montane cloud, tropical
dry, and temperate forests as reference systems, was low (−0.34 ± SD 0.32), showing that, beyond its
biodiverse greenspace network, the built-up structure highly differs from the ecosystems of reference.
The UEII showed to be a flexible and easy-to-calculate tool to evaluate ecosystem integrity for cities,
allowing for comparisons between or among cities, as well as the sectors/regions within cities. If
used properly, the index could become a useful tool for decision making and resource allocation at a
city level.

Keywords: citywide; ecological integrity; integrity index; species retention; urban ecology; urbaniza-
tion intensity

1. Introduction

Urbanization leaves some of the most impressive imprints of the human popula-
tion and activities on ecosystem structure and function [1,2]. Its effects, assessed from
an urban-metabolism abstraction, extend far beyond city limits, posing pressing social,
environmental, and ecological challenges [1,3]. Undoubtedly, cities have been proven to
provide an important set of advantages in terms of economy, governance, and access to
services (e.g., electricity, drinking water, health care, education [4]). Yet, cities are highly
heterogeneous in many dimensions. Urban lifestyle not only has a profound impact on
ecosystems [5–7], but it also extensively affects human health [8]. All the above makes it
imperative to revisit the way in which we urbanize landscapes and manage our cities to
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build more biodiverse and livable cities, where efforts toward more sustainable practices
result in resilient systems.

Urban heterogeneity and complexity have prompted research interest across many disci-
plines, from architecture, the humanities, and social sciences, to the natural sciences [2,9–12].
To tackle urban complexity, several indices have been proposed [13,14]. Such metrics most
commonly aim to provide components to decision makers for them to have solid evidence
upon which they can base their actions [15–17]. Some indices focus on different aspects of
the urban environment and population, such as lifestyle, economy, ecosystem “health”, and
biodiversity, aiming to assess urban environmental conditions and resilience [18]. Among
those indices, two are the most frequently used: the Ecological Footprint and the City Bio-
diversity Index (also known as the Singapore Index on Cities’ Biodiversity). The Ecological
Footprint index evaluates “urban sustainability” based on ecological and economic princi-
ples and concepts (such as carrying capacity and natural capital) by accounting for the area
of biologically productive land and sea necessary to produce the renewable resources the
urban population demands and to assimilate the generated waste [7]. On the other hand,
the Singapore Index assesses biodiversity at a local level and provides cities with the ability
to monitor their conservation efforts over time [19]; it consists of 23 indicators focused on
three key components: native biodiversity, ecosystem-services provision, and governance and
management [20,21]. However, an important area of opportunity in the approach to urban
complexity has been overlooked, which is based on the ecosystem integrity concept [22,23].

Ecosystem integrity (also referred to as ecological integrity, biotic integrity, biolog-
ical integrity, natural integrity, integrity of the landscape, or integrity of habitats) was
initially defined as “the capability of supporting and maintaining a balanced, integrated,
adaptive community of organisms having a species composition, diversity, and functional
organization comparable to that of natural habitat of the region” [24] (p. 56). This vision
encompasses elements such as the health, biodiversity, stability, sustainability, naturalness,
wildness, and beauty of the ecosystems [15] in such a way that a system with integrity
can withstand and recover from most perturbations, both natural and induced [24]. As an
attribute of ecosystems [25], integrity can be measured through the sum of their chemical,
physical, and biological integrities [15,24]. It is also considered as a tool for the management
and restoration of ecosystems, for species and environmental protection, for providing
services [15,25,26] (see Rohwer and Marris [27]), and for being a bridge among scientists,
managers, policymakers, and the general audience for decision making [28,29].

Ecosystem integrity can be used from a local to a global level, in a wide array of
systems [30–36], although its use has been higher in natural ecosystems than in human-
dominated systems [36]. Considering this wide spectrum, it can actually be even more infor-
mative in highly disturbed systems if the reference systems are correctly identified [15,26].
In 2004, Noss [23] introduced the first adaptation of the concept of ecosystem integrity
and its evaluation for urban systems, conceiving it as a comparative measure between
the built-up areas and the surrounding “natural” systems taken as a reference within a
biogeographic region. He clearly recognized that “although urban areas will never have
the biodiversity, naturalness, and ecological resilience of pristine wilderness areas, there
are reasonable standards they can meet” [23] (p. 4).

Bringing ecosystem integrity into the assessment of urban systems provides an op-
portunity to push our understanding of cities forward in comparison to previous urban
metrics. As such, in this study, we propose a novel and customizable approach to quantify
the integrity of urban ecosystems. Briefly, based on a citywide approach, we developed an
easy-to-use index that takes as many variables as desired from the physical and biological
dimensions of urban ecosystems, which, upon proper scaling and standardization, are con-
trasted with a given reference system. As citywide assessments are required to populate the
index, ecosystem integrity values can be retrieved for entire cities—which can be contrasted
to that of other cities—as well as sectors/regions within cities. To show how the index
performs, we applied it to a Neotropical green city (Xalapa, Mexico), a widely studied
urban system, with a set of variables that allowed us to test its use and performance; yet,
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as alerted above, the index is customizable and can be calculated with a different set of
variables as long as they meet the criteria reviewed in Section 2.1.

2. Materials and Methods

2.1. Urban Ecosystem Integrity Index

To fully understand urban ecosystems, both positive and negative aspects, as well as
the trade-offs between them, they have to be rigorously assessed [18]. The Urban Ecosystem
Integrity Index (UEII) we propose here was conceived as a balance between two urban
dimensions: the physical (i.e., urbanization intensity component) and the biological (i.e.,
species richness).

In the UEII, the urban intensity component subtracts from the ecosystem integrity,
while the biological component adds to it (Figure 1). Regarding the urban intensity compo-
nent, variables should summarize urban encroachment over a given site, such as built cover
or human activities (measured directly and/or indirectly; e.g., vehicle traffic, anthropogenic
noise, and urban heat islands). For the biological component, it is important to consider
only the biodiversity that was recorded in the city and is part of the biota of the reference
system or systems [23]. Thus, sites that are more similar in terms of reference biodiversity
will indicate, at least partially, higher ecological integrity.

Figure 1. Graphical representation of the rationale behind the Urban Ecosystem Integrity Index (UEII),
where U1–Un represent the variables that describe the physical (urbanization intensity) component
and pull towards the negative values of the UEII and B1–Bn are the variables describing the biological
dimension of the urban continuum, drawing into the positive values of the index, which, in their
totality, range from −1 to 1.

As a reference framework, a polygon of the study area is needed as a boundary
to perform field surveys and to retrieve remote-sensing data. Although any polygon
can be used, we strongly recommend considering the urban continuum, particularly the
continuous built-up area of an urban system (see Falfán et al. [37] for an applied example).
Mathematically, the UEII is the sum of the averages from all the variables that make up
each dimension’s component (whose amounts and magnitudes can vary between both
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components). Given that the nature of variables can differ greatly, not only conceptually
but also mathematically, all variables used in the index are required to be standardized and
re-scaled [38].

Finally, the UEII is computed at the pixel level (which needs to be determined a priori,
most commonly given by methodological or technological constraints) for an entire urban
continuum as follows:

UEII = {[(U1 + U2 + . . . Un)/nU] (-1)} + [(B1 + B2 + . . . Bn)/nB], (1)

where U1–Un represent the variables describing the physical (urbanization intensity) di-
mension, B1–Bn describe the biological component, nU is the number of variables used
to describe urbanization intensity, and nB represents that of the biological component.
As urbanization components are considered features that erode ecological integrity, they
are represented as negative values. On the other hand, biodiversity assets are deemed to
be positive contributions. Hence, the range of values of the sum of both components is
from –1 to 1 (Figure 2). It is of the utmost importance that the set of variables included to
describe the physical and biological dimensions of cities are meaningful and comparable in
case that comparative approaches are sought. In the variable selection process, we advise
users to consider the potential redundancy (correlation), variance, and previous knowledge
of the specific set of chosen variables, to assess crucial aspects of urban systems and to
increase the value of UEII results. Although we do not have a suggested list of variables
to include for the calculation of the index, we advise that all variables associated with the
urbanization intensity component can be used as a proxy (e.g., built cover, temperature,
noise, traffic) and those from the biological component follow the “bioindicator” profile (see
Moreno et al. [39] for further details). Index values can be used for a single city or for mul-
tiple cities. In the case of applying the index in a comparative approach, the variables used
to calculate the index ought to be the same across cities, as different proxies could lead to
more differences in index values than those actually occurring between (or among) cities.

 

Figure 2. Flowchart for the quantification of the Urban Ecosystem Integrity Index (UEII).
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2.2. Case Study: Xalapa
2.2.1. Study Site

We tested the applicability of the UEII in the Neotropical city of Xalapa, which is
located in central Veracruz, Mexico (19◦32′38′ ′ N, 96◦54′36′ ′ W). The urban continuum of
Xalapa (66.53 km2; ~548,282 inhabitants [40]) settles on a transitional climatic region in such
a way that it has two main climate types: temperate humid to the northwest and semi-warm
humid to the southeast pp. 81-98 in [41].The vegetation of the city was originally comprised
of montane cloud, tropical dry, and temperate forests [42], which were used as reference
systems for the quantification of the UEII in Xalapa. The city has an important system
of public and private vegetation that makes up almost 40% of the city’s surface (Falfán
et al. [37]). Urban vegetation is composed of local species from these ecosystem types,
as well as non-native species from other vegetation types and regions [43,44]. Within its
greenspaces and other land uses, Xalapa has been shown to be a city that shelters a sizeable
number of wildlife species [45–47].

2.2.2. UEII for Xalapa

To apply the UEII to Xalapa, we firstly delineated its urban continuum. For this,
we generated an updated polygon that encompassed the aggregated built-up infrastruc-
ture of the city in 2020, following the clustering and communication criteria specified by
MacGregor-Fors [48] and Lemoine-Rodríguez et al. [49]. Then, we generated spatially
explicit data for the four components that would be used to compute the UEII: land surface
temperature (LST) and built cover for the urbanization intensity component and native
plant and bird species richness for the biological component.

We retrieved LST (◦C) from a Landsat 8 OLI/TIR satellite image with a spatial resolu-
tion of 30 m and no cloud cover over the city area (12 April 2019). We pre-processed the
image by applying the dark-object subtraction (DOS) image-based atmospheric correction
to the visible and infrared bands in order to obtain surface-reflectance values [50], employ-
ing the RStoolbox R package [51]. We conducted further processing steps to obtain LST
by means of the R package LSTtools [52], used to process thermal data. We converted the
digital numbers (DN) of the thermal infrared band 10 (TIR) to at-sensor spectral radiance
(Lλ), employing the multiplicative and re-scaling factors contained in the image metadata,
as suggested by the USGS [53]. We applied the modified normalized difference vegetation
index (NDVI) threshold method [54] to estimate the per-pixel ground emissivity. According
to this output, we defined fixed emissivity values for soil, vegetated, and mixed pixels.
We derived the brightness temperature (BT) from the at-sensor radiance of the TIR band.
After this, we corrected the BT values by using the Planck function to add the influence of
the computed per-pixel emissivity and then converted the values from degrees Kelvin to
degrees Celsius.

With the aim of extracting the built-up extent inside the city polygon, we employed an
atmospherically corrected Sentinel 2 L2A image of 10 m spatial resolution (19 May 2019).
We geographically adjusted the Sentinel 2 bands to the Landsat 8 image to make them
spatially comparable and snapped the pixel grids based on their upper left corners. We
computed the NDVI based on the red and near-infrared (NIR) bands [55]. Applying an
NDVI threshold of 0.40, we removed the vegetation pixels. We manually excluded bare-soil
and water pixels in order to retain only built-up features. Finally, we computed the total
area in m2 of the 10 m built-up pixels inside each 30 m LST pixel.

In the case of the biological components, we followed a standardized citywide sam-
pling scheme [56] to describe native woody plants (i.e., trees and shrubs) and bird species
richness across the city (114 sampling sites within 50 m radii of the sites). For the bird
surveys, we performed one 10 min point count per site, which occurred from sunrise to
four hours later, recording all birds seen or heard at each survey site (except overflying
individuals; following Ralph et al. [57]). Surveys took place in April and May 2019 and
again in January and February 2020 to encompass the bird species richness of both the
breeding and wintering seasons. For the plant surveys, we recorded all woody species
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in street verges, median strips, and residential yards (only when visible from the streets
in the latter case) located within 50 m of sampling sites during April and May 2019. We
recorded as many species as possible in a period of ten minutes. When we were not able to
identify species at the site, we collected a sample to later identify in the XAL Herbarium of
Instituto de Ecología, A. C. We confirmed species identification, nomenclature, and distri-
bution in Plants of the World Online (POWO [58]). Importantly, not all plants and birds
were considered, but only those that would be found in the original regional ecosystems.
Given that the biological data were based on a site-specific sampling scheme, we generated
interpolated raster layers for both groups through the inverse distance weighting (IDW)
interpolation method [59,60].

In order to have comparable data to populate the index, we re-scaled all four raster
layers so that values ranged between 0 and 1. For this, we used the Min–Max transformation
formula [38] as follows:

Xre-scaled = [(X − Xmin)/(Xmax − Xmin)] (2)

Afterwards, we simply computed Formula (1) provided in Section 2.1 for the index,
which was calculated for each 30 × 30 m pixel, as follows:

UEIIXalapa = {[(LSTre-scaled + Built coverre-scaled)/2] (−1)} + [(Native plant richnessre-scaled + Native bird richnessre-scaled)/2] (3)

As aforementioned, pixels can be of any size for the UEII to work, but, in this case, the
restriction was the LST, for which we could only retrieve values at that resolution. Thus,
we geographically adjusted all layers to be spatially consistent (aligned) at that spatial
resolution. For the computation of the input variables, as well as the UEII index, we used
R [61] and QGIS 3.4 [62].

3. Results and Discussion

The computation of the UEII for Xalapa was informative, highlighting the urban
ecology and biodiversity knowledge available to date [41,44,63–66]. The data gathered
documented few variables, but were enough to assess the ecosystem integrity of the city.
The average UEII for the city was −0.34 (±SD 0.32), showing that, although the city
has been considered green and biodiverse outside its greenspace network, an important
proportion of the city’s sprawl highly differs from the reference ecosystem, as it is heavily
urbanized (Figure 3). This can be clearly seen when contrasted with the vegetation cover
in Xalapa (previously published by Falfán et al. [37] (p. 16)), where not all greenspaces
have the same UEII value. Simultaneously, many of the streetscapes in the south are not
fully covered by vegetation, but their UEII values are higher than many streetscapes in the
northeastern region of the city.

The graphical representation of the UEII of Xalapa clearly shows higher ecosystem
integrity along the greenspace network of the city, while the intermediate values mainly
corresponded to built-up areas mixed with public and private greenspaces, including
tree-lined streets. Finally, the lower ecosystem integrity values corresponded to densely
built zones with sparse and scarce presence of vegetated areas and some exotic and/or
invasive birds (Figure 3).

These results concur with previous findings for the city regarding its “gray” (highly
urban) and “green” spaces. Actually, the greenspace network of Xalapa has been shown to
retain an important part of the native plants and birds from montane cloud, tropical dry,
and temperate forests, as well as other groups, such as butterflies, ants, and fungi, which
could be further integrated into the UEII calculation [46,47,65,67]. Spatially, the south and
the west of Xalapa showed higher values of ecosystem integrity since these zones have
more, larger, and higher-quality greenspaces; this region of the city is considered to be the
wealthiest one. The center and northeast showed lower integrity values, albeit with some
dispersed spaces and streetscapes of higher integrity (Figure 3).
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Figure 3. Spatially explicit representation of the Urban Ecosystem Integrity Index (UEII) in Xalapa
(30 m × 30 m pixel resolution), showing (a) continuous results illustrating the distribution of the
index values in a density plot and (b) its zoning by quartiles.

In the process of computing the index for Xalapa, we identified advantages and
limitations, some of which stand out in relation to existent indices, including those focused
on urban biodiversity [15,18,21,29]. Among the novel advantages of the UEII is its potential
of assessing urban continuum without the constraints of administrative limits. Furthermore,
as it is calculated in a spatially explicit way (at the pixel level), the UEII (1) deems cities
to be heterogeneous in land cover and land use [5] and (2) can be obtained for all the
administrative zones through which the urban continuum extends. Thus, it allows for
intra-city comparisons that cannot be achieved with most existing indices since they are
calculated considering the city as one homogeneous indivisible entity (e.g., Shaty and
Reza [29]). Because the UEII is context-dependent (i.e., the index is a comparative measure
with ecosystems of reference), it can be applied to any urban area worldwide, and the
number of variables integrated into the index is decided by the researchers based on
their knowledge of the cities under study and their intra-environment and surrounding
ecosystems. Although previous studies have shown the type of variables suitable for the
evaluation of the integrity of urban areas [29], for this index, there is not a fixed number of
variables to fulfill. Hence, users can include as many variables as they consider appropriate
for their city’s conditions. In this study we used four variables—two for each component—
which were sufficient for a first evaluation of the index itself and the ecosystem integrity of
the urban continuum of Xalapa. When following comparative citywide approaches, UEII
values can be contrasted by comparing their corresponding histograms (or density plots; as
shown in Figure 3), as long as all variables are the same and were retrieved using similar
standardized procedures.

One potential limitation for the calculation of the index is that input information must
be spatially explicit. Nonetheless, in most cases, suitable data (apart from the biological
component) exist at municipal, regional, or national scales. This aspect could represent
a drawback if the biological component information is not available and needs to be
generated, and if satellite imagery needs to be generated as well. Yet, there are increasing
free options for both cases, such as citizen-based data and free imagery (e.g., remote-sensing
information for academic purposes is now available at low or no cost provided by sources
such as Google Earth Engine or the United States Geological Survey).

Furthermore, although we only used terrestrial variables in this assessment, variables
regarding urban waterbodies (e.g., lakes, ponds, rivers, and dams, both natural and arti-
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ficial) may also be included in the UEII since many cities worldwide have an important
number of “bluespaces” within their limits. Such urban bluespaces can also be used as,
or compared to, reference systems and inform on ecosystem integrity [24,30,34,68,69]. No-
tably, we did not integrate chemical, socioeconomic, or other physical variables as in other
studies (e.g., Shaty and Reza [29]). However, these variables could be included within the
urbanization intensity component. The addition of variables to either of the components of
the UEII must be clearly specified to express the addition to or subtraction of ecosystem
integrity. Additionally, since the UEII was conceived as a measure of ecosystem integrity
across the urban continuum, it does not offer information about the effect of the city’s
metabolism on external ecosystems [7,18], and, therefore, is limited to its boundaries.

Other emerging features of the use of the UEII remain to be explored, such as its
contribution to the evaluation of other aspects, such as: ecosystem services, manage-
ment, conservation, or sustainability measures [15,18,22]; the pertinence of including other
wildlife groups, physical variables, or abiotic measures [15,70]; or the validity and useful-
ness of comparing UEII results with either the same or different reference ecosystems, as
has also been recommended for other indices [15,71].

4. Conclusions

By computing the UEII with the associated physical variables for the urbanization
intensity dimension and biological component, we showed that the ecological integrity
of Xalapa could be successfully measured when contrasted with its reference ecosystems.
In this example, overall ecosystem integrity, considering montane cloud, tropical dry, and
temperate forests as reference systems, was low. Nonetheless, the main greenspaces showed
the highest values of ecosystem integrity, as expected.

In general, the UEII showed to be a flexible and easy-to-calculate tool to evaluate
urban ecosystem integrity. Thus, the index can provide both basic research and applied
management and decision-making uses. On the one hand, colleagues interested in the
“ecology of the city” paradigm—aiming at understanding the complexity of entire cities—
could use this approach to test hypotheses that require spatially explicit data. Index results
can also be used as a metric of urban ecosystem integrity, interpreted according to the input
variables. This quantitative metric can then be used as a predictor of dependent ecological
variables of interest, falling within the “ecology in the city” paradigm. On the other hand,
results of the index could be used for city-scale decision making and resource allocation
in developing more sustainable, biodiverse, resilient, and livable cities, following the
“ecology for the city” paradigm, seeking to apply the available evidence-based knowledge
to action [72,73].
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Abstract: Urban green infrastructure is not acknowledged in the Global South for the critical social
and ecological functions it can provide. Contextual design solutions and innovative approaches
are urgently needed to transform the status quo. University-local government collaboration could
be a way to encourage new thinking, new roles and design skills to develop solutions to these
complex problems. This paper presents a case study analysis of such a collaboration. Qualitative
research was conducted to establish the degree to which the exposure to real-life projects stimulates
postgraduate design students’ transformative learning. The researchers also inquired into the benefits
of the collaboration for the municipality. The participants’ reflections were recorded by means of
anonymous questionnaires. The findings show that the live project created a municipal setting for
seeking alternative solutions in design processes and outcomes. For the students, the project created
rich social dynamics and an interplay of familiarity and uncertainty, which aided transformative
learning. The students’ deeper learning indicates greater social empathy, reconsidering the role of the
profession, greater design process flexibility, and learning and valuing skills across disciplines. The
findings hold promise for a more just and sustainable future built environment through collaborations
that transform the design professionals involved, the outcomes they pursue, and the processes
they follow.

Keywords: Global South; local municipality; urban green infrastructure; ecosystem services; students;
live projects; design; experiential learning; spatial transformation; built environment

1. Introduction

In several parts of the Global South, high biodiversity, alongside rapid urbanization
and a lack of basic infrastructure, dominates [1–3]. The nature of spatial expansion, the
prevalence of informal economies and settlements, combined with the demographic profiles
of cities, increase risks [4,5]. These social and environmental challenges will worsen as the
effects of climate change progressively manifest [5–7]. Built environment practitioners need
to be trained to engage with informality, urban poverty, infrastructure and service provision,
land management and local governance [5]. Staying within planetary boundaries [8] (which
entails net-zero emissions, avoiding biodiversity loss and stopping land-system change),
while meeting basic needs for all, will require some profound shifts in how cities are
built, maintained, and operated. This calls for a reimagining of service and infrastructure
provision, including harnessing green infrastructural solutions instead of “grey” solutions
that contain embedded emissions and other ecological costs. Design skills are ever more
critical to develop innovative responses to the current multifaceted challenges [9].

The inclusion of urban green infrastructure (UGI), as part of the infrastructural services
of urban development, remains incidental in the Global South [6,10]. The UGI requires
purposeful planning, design, and managed interventions to provide a network of green
spaces that are accessible, multifunctional, and of high quality [11,12].
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African cities are still shaped by historic (colonial) planning traditions [13]. For
example, African Anglophone cities tend toward urban sprawl, which contains newer
developments with less intense land use and a more irregular layout [13]. This is because
colonial and native sections developed without an overall plan and coordination [13].
These legacies result in the perpetuation of township layouts, plot sizes, and building
typologies that are often disconnected from current urban realities and how people actually
live [14], including informal economies and settlements [5]. Similarly, building forms that
are promoted internationally seldom relate to the local needs, climatic conditions, plot size
and layout, land tenure, and rules [15].

In a neoliberal market, developers, planners, and municipalities often favor land-
use types that provide direct economic benefits for some [16,17]. In so doing, they often
disregard the welfare of the poor and the fragmentation of ecological areas [18]. While
planners in general show a low to moderate knowledge and awareness of ecological
aspects [19], the public sector is additionally tested by a lack of capacity and governance [20].
Due to competing interests and a shortage of funds, green areas and conservation plans that
are included in open space planning frameworks do not always influence site development
plan decisions on the ground [3]. Combined with a lack of service delivery, informality
becomes the norm. Green spaces are therefore often unlawfully occupied for living [21]
or used for illegal dumping. Development or densification almost inevitably happens on
available, well-located land. When recreational green spaces form part of these formal
developments, the requirements for high use, low cost and low maintenance result in a
small palette of tried and tested design solutions and a lack of innovation [22].

Several authors discuss the importance of partnerships between different stakeholders
(including transdisciplinary work) in contributing to improved UGI planning [23–25] to
ease institutional and capacity constraints, overcome the divide between science and prac-
tice, and bring about systemic change [26–28]. Roux et al. [28] offer an excellent case study
analysis for transdisciplinary researchers that provide lessons to improve the chances of
project success for systemic change. Their examples are of academic research collaboration
with the community and the public sector, and include postgraduate research students [28].
Their study highlights the role of students as “bridging agents” due to their neutrality and
genuine interest in local issues [28], but does not consider how the engagement shapes the
professional formation of the students as part of the required systemic change. Another
study, by Jabeen et al. [29], focuses particularly on approaches to build the skills of archi-
tectural design students. It considers community collaboration as a way to improve the
students’ design ability to be rational, creative, and more socially responsive. This study
describes the design outcomes of students in dealing with a challenging socio-ecological
context as an explicit process of critical reflection, but does not inquire into the students’
extrarational development. A study by Sara [30] considers live projects for architectural
design students. It considers both rational and extrarational learning, but without contem-
plating the relation of the findings to the context for systemic change. Our study combines
ambitions from these former studies by focusing on postgraduate planning and design
students in collaborative partnerships as future professionals that need to learn the skills to
bring about the systemic and intuitional changes required to manage particular risks and
operate within planetary resources.

Design faculties increasingly aim to broaden design relevance beyond aesthetic self-
expression and originality [29,31] and prepare students to deal with global and contextual
challenges [9]. Although good planning and design “value” standards exist, designers do
not always have the opportunity or inclination to utilize them [32]. Furthermore, in the
Global South, design challenges are more complex, involving poor communities located in
ecologically vulnerable areas such as flood plains and steep slopes [3]. Case study evidence
of UGI integration in mainstream African urban planning and design practice exist [33,34],
yet empirical evidence in the literature remains scarce [19]. Education, training, and
professional development initiatives must help forge a common language of risk-conscious,
greener alternatives for future spatial planners and designers [6,35,36].
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To co-evolve their understanding of a socio-ecological issue [26], built environment
designers could benefit from participation in live projects in the public sector during their
education [29–31]. Specifically advocated for vocational education in architecture, live
projects have been used as a successful way to bridge education and practice [37]. The
real-world conditions of live projects foster experiential learning that could be deep and
transformative [30,38,39]. The educational benefits include adapting to a fast-changing
world [40], bridging the science-implementation gap [27] and improving participants’
understanding of themselves and their professional aspirations [29,31]. However, planning
and design guidelines do not manifest during experience; they must be inferred through
questioning preconceptions and critical reflection on the consequences of action [30]. For
this reason, live projects and experiential learning for designers have been criticized for
diminishing creativity when a reflective process is absent [41,42]. Live projects can also
hinder problem-solving abilities if insufficient guidance is given to participants [43], while
the project and outcomes are harder to control and predict, entailing greater risks for
educators [30].

The need for a more experimental approach through “learning-by-doing” has been
newly emphasized by UGI designers [44,45] and the public planning sector [7]. This ap-
proach requires a willingness for risk taking [7], adapting to change, uncertainty, and
ambiguity [45], exposing participants to diverse values and insights, and establishing envi-
ronments where learning is directed at relevant and meaningful problems [29,31]. Adult
learning consists of modifying, transforming, and integrating knowledge and skills [46].
For adults, experiential learning could foster transformative learning if learners are led
to self-examination to become contextually aware [30,47]. This psycho-social approach
to learning replaces technical content with personal transformation as the driver of learn-
ing [48]. Experiential learning entails experiences in the context of others and reflection [40],
while transformative learning is a shift in consciousness in terms of beliefs and practices [49].
This dual process could lead to the development of much-required new roles, relationships,
or actions [49] to transform the current way cities are planned and built.

This paper focuses on the combined quest of local municipalities and future profession-
als (students) to improve UGI planning and design. Design students at postgraduate level
are trained to scrutinize value standards and explore creative solutions. As one possible,
partial solution to institutional inertia, we bring together current and future professionals—
with the support of academics—to explore creative solutions for UGI. We believe this can
open the horizons of current municipal staff who are exposed to new ways of thinking and
have access to creative alternatives. It can also equip students to deal with 21st-century
systemic challenges, including those involved in navigating municipal bureaucracies. This
paper responds to two research questions: Is there value for municipalities in a Global
South context to involve postgraduate students in live projects for UGI design? To what
degree does the specific learning environment created by the live project and its context
stimulate transformative learning processes for the students (as future professionals)?

To answer these questions, we present a case study analysis of a collaborative live
project in eThekwini, South Africa. The case study context presents many of the typical
African and Global South UGI challenges, along with a municipal ambition to improve
both the state of social livelihoods and ecological infrastructure. We then present the
live project objectives, the student design project and the research design. We continue
by conveying and discussing the findings and offering some reflections to assist future
collaborative partnerships.

2. Method

2.1. Study Context and Challenges

South Africa’s urban population of 66.4% in 2018 is projected to reach 79.8% by 2050 [2].
Most of the urbanization is taking place in the form of informal settlements where people
are living in poverty and where basic facilities and services are missing [50]. Added to
these are biodiversity hotspots [51] and projected climate change, manifesting as extremes
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in temperature and flooding patterns [52]. The task of professionals and local government
to manage trade-offs between social livelihoods and ecological infrastructure is complex.
The legacy of former Apartheid planning still dominates urban areas in South Africa [18],
manifesting as an unjust distribution of green assets across race and income [12]. Planned
as dormitories, former “townships” still need mobility and green infrastructure to turn
them into well-connected, healthy mixed-use neighborhoods [53]. Township areas under
Apartheid planning had few developed green spaces, while vacant space operated as
a barrier to planned racial and economic opportunity [53]. Open spaces are therefore
often still perceived and experienced negatively by the communities in which they are
situated, and green spaces do not feature greatly in academic, policy, and civil society
discourse [54]. The lack of substantial change in the inefficient and inequitable spatial
layout of cities is largely due to institutional inertia, economic forces and weak spatial
management [55]. Municipal management responsibilities for UGI are not well coordinated,
while development funding is scant [20]. Better integrated city-level decision-making,
municipal leadership, and improved technical capabilities could lead to much-required
change [55].

This situation persists, while the socio-economic importance that quality open spaces
offer could be significant for surrounding developments and could be catalysts for economic
development [4]. In addition to a great need for well-designed, multifunctional UGI [23],
existing recreational green spaces are not meeting community needs [56]. Recent calls
appeal to private planning professionals and authorities alike to address UGI injustices by
promoting activities and representations of an urban nature that reflect residents’ world
views through more inclusive planning and design processes [12,18,53].

Case Study: KwaMashu, Durban, eThekwini Municipality

The eThekwini Municipality, which encompasses the city of Durban, lies within the
KwaZulu-Natal Coastal Belt vegetation type, with high rainfall (up to 1200 mm) and
temperatures (mean maximum 32 ◦C and minimum 5 ◦C) [57]. Originally occupying
subtropical forested areas, the vegetation today is affected by an intricate mosaic of sugar
cane fields, timber plantations, and urban development, with interspersed secondary
grasslands, thickets, and patches of coastal thornveld [57]. Durban was the first city
in South Africa to apply a Metropolitan Open Space System (MOSS) approach in city
planning [58]. Subsequently, the city has built a reputation as a leader in developing a
climate adaptation strategy [59].

The eThekwini Municipality’s good reputation is based on a community and ecosystem-
based adaptation (CEBA) approach [60]. The strong and early focus on adaptation sets
the city apart from many other urban climate change initiatives globally [7]. In 2015, the
Municipal Council approved the Durban Climate Change Strategy [7]. It aims to provide
locally based solutions that not only reduce climate change vulnerability, but also address
the socio-economic challenges faced by residents in developing green jobs and improving
people’s livelihoods [60]. Consequently, several CEBA-focused projects have been initiated.
These have followed a “learning-by-doing” model of development and implementation,
and show a “willingness to experiment” [7].

Nonetheless, the eThekwini Municipality, similar to other local municipalities, has had
to admit that current policy, law, governance, and environmental management efforts have
been inadequate to prevent the degradation of the UGI [61]. The municipality is facing
various challenges around open space.

These first entail the open space legacy of Apartheid. Second, the present-day poor
management and maintenance of open spaces encourage crime, littering, and dumping.
Third, detailed accurate spatial information on open spaces is hardly available, which leads
to vacant spaces without ownership. Furthermore, there is a lack of assigned responsibility
within departments to assess and address service delivery gaps, synchronize open space
service delivery across departments, and develop and activate open spaces [55,62]. Despite
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these challenges and shortfalls, dedicated individuals in the municipality remain solution
driven and realize significant feats.

The Bridge City KwaMashu Open Space Project follows the CEBA approach and
stresses the importance of UGI for sustainable township regeneration in the KwaMashu
Urban Hub Regeneration Project, with the newly developed Bridge City in its heart. The
project received significant funding from National Treasury with a grant that aims to
stimulate private investment in former township areas [63]. The Open Space Project
leverages the large built infrastructure projects related to the Bridge City development.
The Open Space Project within the Regeneration Project aims to bring about social and
environmental sustainability and resilience [60].

KwaMashu is one of the many township areas created during Apartheid through
forced removals and the relocation of people [60]. The precinct faces several challenges,
such as poverty and a high unemployment rate [60]. Moreover, it has been identified as a
crime hotspot [60].

The KwaMashu Urban Hub Regeneration Project covers approximately 1500 ha with
about 135,000 inhabitants (see Figure 1). The population size of the Regeneration Project
is similar to urban centers in sub-Saharan Africa (less than 250,000) that accounts for
140.7 million urban dwellers [64], thereby providing scope for learning by other African
urban centers of similar size and deprivation levels. The greater project area houses nearly
one million inhabitants, which is almost a quarter of the greater eThekwini’s marginalized
resident population [65]. The Regeneration Project includes visions for a consolidated
commercial node and enhanced public transport interchange zone, along with existing
residential and industrial precincts [61]. Officially launched in 2007, the Bridge City
development is still on its way. Key grey infrastructure, such as a train station, as well as a
mall and a hospital, have been built and are meant to attract further investment.

Figure 1. An aerial photograph showing the Bridge City KwaMashu Open Space Project as a “regional
park” that is located within the KwaMashu Urban Hub Project. Source: [61].

The Bridge City development is located on the ridge above the adjacent Piesang’s
River valley within the historical Apartheid “buffer zone” [60]. Apartheid planning took
advantage of the natural separation of areas through topography and riverine systems to
enforce racial segregation. The name “Bridge City” was chosen to stress the concept of
bridging this divide (see Figure 2).
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Figure 2. View from the KwaMashu residential area towards the new Bridge City development taken
across the Piesang’s River flood plain. Only the train bridge crosses the vast wetland that has become
an insurmountable barrier to pedestrians. Source: Gesellschaft fur Zusammenarbeit (GIZ), 2018.

One of the challenges for the Bridge City development has been precisely the crossing
of the Piesang’s River flood plain [61]. Over a length of nearly 2 km, there is no pathway or
pedestrian bridge over the Piesang’s River to allow the population of old-town KwaMashu
to safely cross the river and steep slopes to reach the facilities of Bridge City [65]. Addi-
tionally, part of the protected biodiversity of the Durban MOSS green space is in a state of
neglect and is perceived to be a dangerous, no-go area (see Figure 3).

Figure 3. The Piesang’s River flood plain, viewed from KwaMashu towards Bridge City. Urban
agriculture can be seen in the foreground, with the cemetery in the middle left. Source: GIZ, 2018.

As in other sub-Saharan cities with urban expansion into flood-prone areas [3], the
Piesang’s River valley is one of the largest of a few remaining patches of open space in
the KwaMashu area. Nearly the entire valley falls within the 100-year flood line [66],
which needs to be respected in any design solution for recreational use. A delineation and
assessment of the wetland found the flood plain wetland system to be critically modified
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as a result of the transformation of catchment hydrology [66]. These impacts have resulted
in major losses in ecosystem services, and riverine and wetland habitat. The majority of
the flood plain currently comprises dryland alien thicket [66]. The flood plain’s current
potential is mainly the provision of regulating services of flood storage capacity, as well
as enhanced downstream water quality, but it needs intervention [66]. As carbon offset,
the open space has the potential to provide a range of additional ecosystem services if it is
properly designed.

The Open Space Project aims to develop the Piesang’s River valley into a major
park, which needs to respond to regular flooding and has a reinstated and protected
wetland in its center (see Figure 4). The rehabilitated wetland would improve the above-
mentioned regulating services and add additional supporting services of habitat and
increased biodiversity. New and sometimes conflicting uses are required. Cultural services
include safe spaces for sports, rest and recreation for the surrounding communities, and
infrastructure for pedestrians and cyclists, such as pathways and pedestrian bridges to
reach Bridge City. The design would require intangible aspects such as respect for the
cultural heritage (e.g., cemeteries) to retain the urban identity and foster a sense of place [67].
Provisioning services required include designated allotments for urban agriculture and
food security. A Spatial Framework Plan (Figure 4) and subsequent spatial designs were
developed to encourage sustainable and affordable non-motorized transport and support
economic opportunities and green jobs.

Figure 4. The Spatial Framework Plan for the proposed Piesang’s River Park. Pedestrian connections
are essential for the functioning of the system. Source: [61].

To steer the planning process, the eThekwini Municipality set up an interdisciplinary
team with members from various departments, assisted by private consultants. Significant
experimental CEBA approaches were developed and tested within the planning process.
This included a partnership with the Durban Green Corridor (DGC), a registered non-profit
organization that aims to see communities thrive in balance with the habitats around them
for execution [68]. It includes the development of plans and innovative concepts, such as
a process of rethinking green space management in cooperation with the Sihlanzimvelo
community-based stream management program. This program receives significant funding
through the Cities Finance Facility (CFF) [69] and identifies various international alternative
funding sources, such as the offset strategy [70], for the open space project. The team
established one of the first Go! Durban bike parks.

An opportunity for collaboration between the University of Pretoria and the eThekwini
Municipality on the conceptual design of the development of the Piesang’s River Park was
an additional way to bring a fresh perspective to the project’s design.
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2.2. Live Project Aim and Objectives

A case study analysis is presented on the pedagogical practice of a live project, which
fits into the transformative pedagogy model [30]. The case study was selected because it
is representative of the challenges of UGI design in the developing world. The research
aim was to extract important insights on the value of collaborative real-life projects in
transforming how young and established professionals deal with UGI design challenges.

Live projects characteristically engage external collaborators. Students leave the
classroom for this engagement and produce something of value to these collaborators [30].
In 2018, at a national conference, the eThekwini Municipality presented the framework
development of the Piesang’s River Park in KwaMashu. Due to previous experience in
engaging students in service learning and live projects, the university lecturer identified
the Piesang’s River as a potential learning site for engaging the fourth-year design studio in
ecological design. In 2019, the Department of Architecture at the eThekwini Municipality
and the Landscape Architecture program at the University of Pretoria agreed to collaborate
on the conceptual design of the Piesang’s River Park.

Typical of a live project, the remit of the project was worked out cooperatively [30]
to gain joint benefit for the municipality and the University’s students. In line with the
two research questions stated in the introduction, the live project objectives were to expose
students to a real-life project to comprehend the complexities of ecological design; to
include municipal staff to provide guidance to the students to gain an understanding of
the municipal agencies and processes; to obtain feedback from the students on the value of
real-life projects for their learning and professional formation; and to receive report from
the municipality on the benefits of the engagement for them.

2.2.1. Live Project Activities

As part of an existing design studio course, students could elect to form part of
the eThekwini ecological design studio. As a design project, they had to choose one of
six earmarked areas within the Piesang’s River Park framework on which to focus (see
Figure 5). In line with a typical live project development [30], two municipal staff members
actively engaged with the lecturer in writing the student brief. The student brief identified
key considerations for the Piesang’s River Park based on the Open Space Framework
(described above). Each site came with a brief explanation of the “design program” or
intended uses and amenities to include.

Figure 5. The Piesang’s River flood plain area, indicating the six sites for the students’ design projects.
Source: Author, 2019.
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The municipal leaders for the project and the University’s landscape design studio
staff managed the students’ design stimulus activities and provided continuous guidance.
Experiential learning requires action and reflection, which can be stimulated through
participation in activities, dialogue and written feedback [40]. To open up the likelihood
of transformative learning experiences for students, the lecturer purposefully allowed
the project to embrace aspects of risk by introducing the unexpected, spontaneous and
unknown [71]. These elements were enhanced by traveling to an unfamiliar context. With
funding from the University, the students were able to visit eThekwini and KwaMashu—an
800 km drive from Pretoria—for a six-day field trip. The first day and the evenings were
for socializing and reconnaissance. The coastal subtropical environment, along with the
urban social setting, offered an exciting prospect of new experiences for the students.

To assist students to identify key design factors to respond to, the eThekwini Munici-
pality arranged a five-day technical workshop. On the first day, several consultants and
municipal staff presented environmental and demographic information that gave direc-
tion to the framework they had developed. For example, the main routes and transport
networks were explained and how people typically commute to work opportunities. The
assessment of the ecological state of the wetlands was presented, as well as proposals for its
phased rehabilitation. This information, including digital aerial photographs and specialist
reports from consultants, was made available to the students for their use.

As part of the workshop, two site visits to the Piesang’s River and KwaMashu (see
Figure 6), on-site engagement with the residents under the guidance of the municipal team
(see Figure 7) and guided visits to two examples of best-practice urban parks in Durban
were conducted. Private and public consultants explained the challenges of each example
to the students and discussed the design decisions they had selected to respond to them
and how successful or unsuccessful these decisions were. Students could then physically
inspect the project and take note of how activities and amenities were grouped and what
materials and construction details were used. The students spent the last two days working
on conceptual design ideas and presented these to the municipal staff for initial feedback.

Figure 6. Meaningful field trip activities, such as site and case study visits, arranged by the municipal
staff for the students during their visit to eThekwini. Source: Author, 2019.
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Figure 7. Workshop activities and discussions between the community, municipal staff, and students
during the student visit to eThekwini (top) and back in Pretoria (bottom). Source: Author, 2019.

The Department of Architecture at the University of Pretoria operates within a studio-
based design learning paradigm where critical discussions are used to point out the
strengths and weaknesses in the students’ work. Precedent studies are also used as a
way to find possible solutions that must then be adjusted to the local social and environ-
mental context. On return to Pretoria, the responsible lecturers gave weekly critique to
the students on their design progress. Midway through the design process, staff from
eThekwini came to Pretoria to provide their input to the students’ design developments
(see Figure 7).

Being more aware of local contextual realities and municipal processes and frame-
works, the municipal feedback—representing the client—would focus on different aspects
to that of the lecturers. The two municipal staff members were also present during the
project’s final examination (see Figure 8). They selected and awarded the project that was
most responsive to their expectations. All the final projects were made available to the
municipality digitally for their use and further development. Extracts from two of the final
design projects can be seen in Figure 9.

2.2.2. Research Design

The authors made use of a participatory action research approach during the live
project. Action research involves the investigation of complex, real-world questions, and
makes use of cycles of action followed by critical reflection. It typically uses qualitative
data and focuses on clarification for specific situations [72]. Action research allows for par-
ticipant observation [73], involving post-action discussions and critical reflection between
the authors. Together with the written feedback questionnaires, these methods allowed
for triangulation.

The ten postgraduate architecture and landscape architecture students that formed
part of the studio volunteered to participate in anonymous feedback questionnaires. The
sample was representative of students from different cultural backgrounds, and the gender
divide was equal. The two staff members involved in the studio from eThekwini were also
asked for their feedback on the benefit of the intervention to the municipality. The lecturer
used anonymous questionnaires to reduce the potential influence of personal contact on the
responses provided. The students’ written feedback is a method to stimulate the reflective
processes required in design thinking [30,74].
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Figure 8. Students, questioned by external examiners, defend their design proposals on the Piesang’s
River Park in the presence of the lecturer and municipal staff during the final examination for the
quarter-year project. Source: Author, 2019.

Figure 9. A collage with selected design work from the students that was shared with the eThekwini
Municipality. The top left and middle images feature a linking market space on a steep slope to
Bridge City. The top right and bottom images feature a pedestrian bridge crossing the Piesang’s River
with recreational lookout points. Source: University of Pretoria, Department of Architecture, 2019.
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Students completed questionnaires manually on four occasions during the seven-week
project period. The students were prompted with open-ended statements they had to
complete in their own words to reflect on their experiences. The survey questions inquired
broadly about the physical environment, social engagement, and the students’ learning
process. Working within a psycho-socialist school of thought, the questionnaire sought to
identify extrarational sources that are more intuitively or emotionally based [48]. There-
fore, specific prompts were included to identify memorable aspects, challenges, emotions
experienced, and any changes in perspectives that would indicate areas of transformative
learning [47,75]. However, the research was undertaken inductively to develop under-
standing rather than test existing theory. The initial questions are outlined in Table 1. The
questionnaires were adjusted slightly throughout the seven weeks to stay in tune with the
design process and types of activities, for example, leaving out the initial three questions
about the reasons for choosing the studio and asking about the field trip or the studio
engagement activities more specifically.

Table 1. Guiding questions contained in the research questionnaires to the students.

Tick the applicable option:

1. This studio is my first choice.
2. I had to take this discipline-specific studio.
If you chose this studio, please explain why:
Please complete the following statements (if they apply to you):
1. What made a great impact on me in this project (so far) was . . .
2. What I really enjoyed/liked was . . .
3. I really disliked the fact that . . .
4. What I found memorable about the week was . . .
5. (Cross out what does not apply): Something that surprised/angered/excited me was . . .
6. The following experience(s) influenced my learning process in the following way . . .
7. I feel/I don’t feel . . . that I now think differently about things (because . . . )

Source: Author, 2019.

An open-ended questionnaire, inquiring about the benefits derived from the student
engagement, was sent to the participating municipal staff at the end of the project. With
a low response rate, the municipal feedback was mainly collated through the participant
observation of the relevant author. This entailed the observation of all project activities and
discussions with the municipal team members [75]. However, the limited direct feedback
from municipal staff members is a limitation of the study that would require further
research to substantiate the findings.

The 40 questionnaire answers from the students were transcribed and qualitatively
analyzed and coded with Atlas TI (Version 7) software [76], using the interview question
themes as initial deductive coding categories [77]. The codes were grouped into six families:
reason for selection of the studio, learning/learning experience, memorable aspects, chal-
lenges, emotional experiences, and transformation/change. In line with the transformative
pedagogy within which the questionnaire was conceived, the analysis focused on identify-
ing extrarational sources and personal attributes [48] rather than technical competencies
in learning. Saliency regarding the number of times themes were articulated in the total
body of the data was recorded [78]. This included the repeated articulation of themes in
response to different questions by the same person on the same feedback form. The saliency
is indicated in brackets in the findings as a reference.

The ten students involved in the case study had a fair representation of culture and
gender. The sample size is comparable to similar studies, such as a study [30] that involved
15 students per case study, interviewed as three focus groups (not individually), giving a
total of 30 participants and six focus group interviews. In our study, the questioning of
the same participants throughout the four different phases of the studio project provided
four responses per person. The inquiry resulted in rich personal descriptions, which are
considered a valuable basis from which to draw findings concerned with deep learning. In
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line with the psycho-socialist school of thought, qualitative research is mainly concerned
with the quality and depth of the feedback received [76]. Similar to Sara [30], our study
included evaluative feedback from those managing the project in the dataset, and made
use of educational literature to further interpret and contextualize the findings.

3. Findings

3.1. UGI Design Project Outcomes and Municipal Benefits

In response to the first research question, we present a summary of the observations
and discussions with the author as part of the municipal team. The benefits from the
engagement were evident in two areas: the planning and design process, and the design
work outcomes.

3.1.1. Critical Evaluation of the Planning and Design Process
Reviewing, Questioning and Adapting Municipal Ideas and Solutions

Within the eThekwini Municipality, the collaboration with the University of Pretoria
was done as part of the municipal project evaluation process. The municipal project team
used the five-day technical workshop with the students to reflect on the work process and
the results achieved after a four-year planning period. Working in an interdisciplinary
team representing roughly 10 different line departments within eThekwini Municipality
meant rotating staff, and dealing with conflicting interests, and posed interpersonal and
logistical challenges. Under these circumstances, the technical workshop allowed the
members of the steering committee to reflect together on the project status. It also allowed
the interdisciplinary team to focus on and rethink the approach taken thus far, and to
explain and review the project scope and outcomes.

Following an experimental approach, the municipal team of professionals needed
to be prepared to think beyond the conventional, consider unexpected problems, and
constantly evaluate and adjust their actions. There is no international best practice to
duplicate. Specific local community-driven answers needed to be developed within the
specific neighborhood. The municipal team showed an eagerness to share their “on-the-
ground experience”. At the same time, they were challenged by the students’ honest critical
questions. By sharing, they assisted the students to understand the various challenges
experienced in the real-life eThekwini environment. As mentioned by the staff, “the
students were able to provide some strong design solutions for the nodes and came up
with fresh ideas”.

Creativity, Experimentation and Inspirational Ideas and Solutions from the Students

Students are typically free to experiment and are slightly naïve. They lack the firm
inhibitions and value biases that are often found in long-standing professionals and can
therefore bring creative and inspiring ideas to the planning process. The feedback from
the municipal staff was that “it is important for departments to be open to innovation and
academic views”. This comment indicates a desire to embrace theoretical, conceptual, and
more speculative thinking. The students’ presentations provoked an in-depth discussion
among the different departments. Based on the students’ design results, conflicting views
were expressed and deliberated in a solution-driven way. The profound discussion about
the design challenges that the students faced helped reveal weaknesses in the Piesang’s
River Park’s aims and ambitions, and forced the team to consider alternatives.

3.1.2. Macro-Level Design Outcomes

At the time of the student engagement, the planning process for the Piesang’s River
Park was still on a generic framework planning level. For most of the sites, the students’
design work was the first exploratory design to be undertaken and captured in drawings.
Based on the Piesang’s River framework, the students’ proposals included functional UGI
aspects, such as agroecology and wetland rehabilitation, while also creating opportunities
for social interaction and economic activities. Other students provided the necessary infras-
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tructure associated with the UGI such as recycling centers, pedestrian bridges, and markets
with day care facilities. The students were ambitious to include various considerations of
user comfort and wellbeing into the functional programs they were provided with, along
with sustainable design initiatives. For example, the residents’ social and physical connec-
tion to the river environment and views towards it were exploited in the river boardwalks
and recreation areas. The proposals allowed for nature experiences and didactical aspects,
along with sustainable practices such as stormwater capture for infiltration or re-use.

The project team was impressed with the students’ well-reasoned “strong design
solutions”. Creative and innovative thinking resulted in “fresh ideas”, which is a key
component of a successful experimental CEBA-focused approach. The students’ design
proposals were more conceptual, speculative, and risky than the typical proposals received
from consultants that were well versed with practical constraints, such as cost, durability,
and maintenance. Although the students’ proposals lacked technical refinement, they pre-
sented conceptual ideas that went beyond mere problem solving. They combined various
social and ecological design functions with the creation of places for social encounters and
environmental experiences that were not impossible to execute. In that way, the proposals
challenged the status quo in both process and outcomes—which are very necessary steps
in transforming the current state of the built environment.

The University’s collaboration process was included in the intermediate project report.
All design work delivered by the students was incorporated into the status quo project
sheets. The students’ work will serve the practical role of stimulating the design scope
beyond the conventional when it is included in the municipality’s future design briefs.
Professional consultants will develop these conceptual design proposals when funding
becomes available for implementation. The feedback received recommended packaging
the students’ work in A4 booklets, rather than physical pin-up or digital presentations, to
make it more accessible for future use.

3.2. Students’ Transformative Learning Ascribed to the Specific Learning Environment

In response to the second research question, we identify the transformative learning
that could be ascribed to the specific learning environment created by the live project, as well
as the context for the students, with saliency indicated in brackets. In line with the research
design, we gave preference to the findings that were more intuitive or emotionally based.

3.2.1. Learning Environment and Context

There is ample evidence that the environment created by the project stimulated the
students’ learning. The project’s real-life nature (33) was mentioned most frequently by
students, as illustrated by this response: “dealing with a real-life scenario hindered my
creative process a lot [ . . . ] because the real constraints actually pushed me to new ways of
thinking creatively”.

Other aspects mentioned that influenced learning were the new/different context (19),
the interdisciplinary nature of the studio (18), social engagements (14), and combined
environmental and social engagements (14). Specific activities mostly referred to social
engagement and people-aided learning, such as the feedback from the municipality (13),
engagement with the community (12), the examples given by the municipality (12), the
lecturer (10), theoretical work reviewed (9) and the “expert” consultants involved (9).
Examples of specific references to the environment are: “going to site and experiencing real-
life issues practically,” and social aspects such as thinking differently about “community
engagement because . . . it is the core of design and should always be a priority.”

The real-life project specifically impacted on design thinking: “I need to link my
solutions more closely to reality and community” and “It helped me understand aspects of
the design better than I could really grasp before.”
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3.2.2. Memorable Aspects of the Project Environment and Learning

The students were specifically questioned about what they found to be memorable.
In their responses, they most recurrently mentioned social interactions (19), for example:
What I find memorable/meaningful in terms of my learning: “The contact with potential
users of the space helped me better understand who I would be designing for.”

Other aspects that were mentioned were the context (7), elements of the environ-
ment (5), and a combination of social and environmental engagement (4). The students
mentioned memorable aspects of their learning as their own skills development (3) and
thought development (3). Thought development is indicative of transformative learning.

3.2.3. Emotional Experiences that Shaped the Learning Environment

The students were prompted to express the emotions they experienced and the rea-
sons for these emotions. The most frequently mentioned emotions were degree of uncer-
tainty (13), as illustrated by the response to the question: How did you experience the site
visits? “I was nervous to go into the wetland, but I never felt unsafe or in danger.”

The second-most frequently mentioned emotion was personal passion (5). Students
also expressed empathy towards the social/human condition (4) of others, as well as
feeling challenged (3). There were also expressions of feeling enabled, having fun or being
inspired (3). Emotions was also indicated as part of social experiences.

3.2.4. Perception of Inner Change or Transformative Learning

Students were asked whether they felt or thought differently about anything. The
response was most recurrently that their basis for design decisions (13) had changed, as
expressed by the response to the question: I feel that I think differently about: “Material
choices in design projects because . . . there are so many other factors that can be considered
in the choice of materials other than aesthetics.”

They also expressed changed thoughts on the role of the profession (10) and the design
process (6). Some confirmed the importance of aspects of prior learning (5), the importance
of an interdisciplinary approach to design (4) and exposure to new things (4).

Examples of reported change in students’ thinking are in response to the question: I
now think differently about things because: “I can understand that we have a role to play in
making tangible differences to people’s lives as opposed to existing in an ‘ethereal artistic,
unattainable’ realm”; I now think differently about design because: “Architecture does not
necessarily have to be glamorous and flashy. Simple, practical architecture impacts real
people’s lives more, especially in the township context.”

3.3. Other Dimensions and Challenges of the Student Learning

The data were analyzed for what students reported they had learned. This included
how to focus design (7), the importance of ecology (6), new design approaches (5), and the
role of the professional (4). The experience thus seems to have made students think specifi-
cally about design and their professional role, as expressed in this response: “Architecture
is not building/a physical building–it’s about space and people and the environment and
how this all comes together.”

The students indicated several reasons for their selection of the studio: the environ-
mental focus (5) and the fact that the studio was different from previous studios (3), as
expressed in the response: “I don’t know anything or much about ecology and I think it’s
a necessary field to study within the context of architecture, given the upheaval that our
craft tends to cause in the natural environment.” The unfamiliar context was an important
reason why students selected the studio. The new context was strongly articulated as part
of the learning experience and was the second-most memorable aspect expressed. The
context was often responsible for students’ emotional experiences, such as uncertainty,
challenges, fun, and excitement. The students also expressed exposure to a new context as
a reason for changes in the way they thought and felt, as can be seen in the response to the
question: What I really enjoyed/liked: “Experiencing a different context, which opened my
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eyes and perspective. We went to various sites to understand the overall context”; What
I found memorable was: “Community interaction and a new context experience. New
thinking processes came about.”

The students were asked to express “challenges” they experienced. Among these, time
constraints (22) featured greatly, which is not uncommon for design studios. A student
revealed how time limitations had perceived effects on their learning: “The speed of the
quarter made for fast learning processes . . . this was both good and bad. Retention may
not be great, but design decisions were made quickly.” Another recurring “challenge”
expressed was uncertainty (13) at different moments of the process. Some of this was due
to the different expectations (4) they perceived from role players, as stated in the response:
“There was confusion between what is expected of us by the eThekwini Municipality and
our academic outcomes.” Students felt challenged in retrospect because the community
engagement (9) and site engagement (4) they had during the six-day visit to Durban was
not enough, as expressed in the response: “The community interaction was great, but I feel
that we needed to have much more interaction and representation from them.”

4. Discussion

4.1. Improving Local UGI Planning and Design

The eThekwini Municipality follows an experimental CEBA approach in UGI plan-
ning [60]. This approach encourages the municipality to develop specific solutions within
the local context. Although not everyone has bought into this approach, a culture has
been created to think creatively and critically reflect on the outcomes during the entire
planning process. In this context, university engagement resulted in being a valuable tool,
since it assisted the municipality with the above ambitions that are part of the institutional
culture. Not all local municipalities have a culture to work experimentally or creatively.
We speculate that these municipalities might benefit more from student engagement, but
the real impact and perceived value of engaging students might be lower. Roux et al. [28]
warn that, in the public sector, successful collaboration is often hampered by prejudices
or established beliefs, capacity limitations, and an inability to traverse power inequalities
among those involved. We concur with former studies that there should be appropriate
incentives for the different partners involved in collaborations [79]. It is further important to
be cognizant of how the objectives of public sector partners differ from those of academics
and to make sure that the student work is provided in a useful format.

Roux et al. [28] have indicated that an active agent should be embedded within an
institution that has a primary interest in implementing the desired change. Our experience
confirms that having active champions in both the university and the municipality that
had similar ambitions determined the short-term operationalization of the learning ideals
pursued in the collaborative project. Since the collaborating author left the eThekwini
municipality three months after the completion of the student design studio, it was not
possible to verify the long-term impact of the collaboration on the municipal processes
or the Piesang’s River project as such. The duration, timing, and continuation potential
of the project limited the findings, confirming research lessons by Roux et al. [28] on
successful systemic change. Longer-term monitoring is required to gain a more detailed
understanding of the municipal processes and potential uptake of ideas as a result of
student collaboration.

Cilliers [36] advocates that, in South Africa and Africa, UGI must be considered as
an integral spatial issue. This compels public spaces to be designed to reflect context-
specific needs and challenges in long-term planning strategies for the improved provision
of UGI [36]. Our findings confirmed that, during the collaboration process, the students’
difficulties with some of the site planning, conflicting instructions from different stakehold-
ers and community interests revealed profound design challenges brought about by the
proposed municipal framework. The municipal team understood the complexities of UGI
design better, but is conditioned by simple solutions. Roux et al. [28], warn that the attrac-
tion of simple solutions often retains the status quo. This pitfall needs to be consciously
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avoided. The live project process and students’ attitudes created a fertile environment for
seeking solutions that went beyond the status quo. We concur with Roux et al. [28] that
students are good bridging agents because they are truly interested and candid, while being
perceived as neutral. Not all the design challenges could be fully resolved during the live
project, but it is important to note that many questions and trade-offs were grappled with,
which led to changes in how students and municipal staff discern the desired solutions
to these design problems. The design proposals that attempted alternative UGI outcomes
could serve as a good foundation and inspiration for the future detailed design of the
selected sites. If and how the municipality will take these ideas forward was not verified as
part of the research.

4.2. The Role of Real-Life Projects in Design Teaching

Although the students performed well in the studio, it could not be said that they
reached above-average technical design outcomes. The complexity of the design problems
they were faced with was high. Our experience has indicated the multidisciplinary nature of
UGI design solutions that would greatly benefit from insights from stormwater engineering
and urban design students or professionals, among others, in future studios. That being
said, technically refined design resolution was not the main goal of the project, but rather
responses that reflect deeper-seated value changes through confrontation with the diverse
social and environmental challenges that form part of the complex system of design in
the Global South. Cockburn et al. [27] point out that one of the reasons for the science-
action gap in sustainability challenges is that technical knowledge management solutions
receive far more attention than social learning-based approaches. The same has been
argued in education, especially with regard to vocational professions that are focused on
competencies. Newton [48] argues that, more than providing a set of required competencies,
education should seek to create graduates who are mindful, able to deal with change and
are socially responsible. A focus on knowledge transfer requires a process that differs from
gaining the capacity to deal with adaptive challenges [48].

Dewey [80] emphasized the importance of the learning environment in encouraging
and directing specific learning to take place. As can be seen from the findings, the “real-life”
aspect of the project was by far the most articulated as part of the perceived changes in the
learning process. This illustrates the stimulus of such an environment for transformative
learning. The dynamic live project learning environment was responsible for the memo-
rable aspects, challenges and emotional experiences mentioned. Emotions often reveal an
underlaying process of transformation [42].

Our findings indicate that the primary way in which the real-life project stimulated
transformative learning was through social dynamics. The interactions included a diversity
of new role players with a real-life interest in the project that, at times, resulted in conflicting
feedback and ideas. For the students, this came in the form of confrontation between the
academic outcomes of the design brief, the needs of the community, the municipality’s
functional requirements and budget constraints. Sara [30], in her findings, indicates how
the contact with a real client and the perceived value the client has for the work become
a strong motivation for students. This coincides with our findings, where the students
expressed time limits for meeting the municipality’s requirements and fully understanding
the needs of the community as project challenges. The pressure they felt is indicative
of their inner motivation to meet the client’s expectations. Sara [30] points out that the
challenges students raise around communication, negotiation, and empathy are positive
indications of the development of valuable skills for professionals. Designers need to make
value judgments and learn to respond sensitively and sensibly to the diversity of values
that exist in the design profession, in society and between them [28,29]. We found that the
social dynamics assisted students to become more socially aware and make more sensitive
(and by implication sensible) value judgements.

Historic examples will continue to influence expectations about well-functioning and
orderly cities, while students are enticed by aspirational (technologically advanced) exam-
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ples of acontextual “smart” and eco-cities [14]. These historic and futuristic ideals are hard
to reconcile with the on-the-ground realities in a Global South context, to which students
are exposed in a real-life project experience. For example, students were confronted with
the poor, homeless persons, and potential migrants and drug users. This is considered
“problematic”. Historic and futuristic utopias formulate ideas of “appropriate public and
proper behavior” in the interest of order and safety, which indirectly exclude people based
on income, gender, age, ethnicity, and religion [81]. In South Africa, the desire for safety
and order still conflicts with the ideals of accessibility and inclusion [81]. This paradox
compels students to exercise greater social empathy, while actively considering local value
and public safety in design solutions. In so doing, they define and translate green infras-
tructure in the local context [36]. Although limited community engagement was possible,
the students still became aware that values should be captured and linked to beneficiaries,
comprising both the community and the authorities [36]. This experience would make them
cognizant of the importance of perception factors that are instrumental in the optimization
and implementation of UGI in Africa [36].

The second way in which the real-life project stimulated learning was through emo-
tions: creating a balance between the excitement and enthusiasm of the students, and
uncertainty, the pressure of time constraints and the variety of contrasting expectations.
Our findings confirm that of Sara’s [30], who found that students were motivated and
experienced the live project as exciting. As mentioned, the higher levels of motivation were
strongly linked to the involvement of real clients and the perceived relevance of the work.
In addition, our findings emphasize the value of open choices, and how students’ own
passion and identity were associated with these choices (to elect the studio and a specific
site within the Piesang’s River Framework), creating meaning for them during the learning
process. This aligns with educational literature, which indicates that free choice connects
learners to their sense of self [46]. This intrinsic motivation could lead to superior learning
achievements [82].

Issues of time constraints, also mentioned by Sara [30], are typical of design projects
at university or in practice, compelling learners to make swifter decisions about design
trade-offs based on the information they have at hand. Sara [30] found that the students
became better at self-organization during live projects due to their motivation to take greater
ownership. The perceived pressure resulted in them gathering the required information
more quickly in order to take the necessary design decisions. Although time constrains were
a challenge, our findings do not contain evidence of students’ improved self-organization.

In our findings, the students mentioned uncertainty numerous times during the learn-
ing experience. Ironically, this uncertainty was often created by the same ingredient that
created motivation—the involvement of the client and the unfamiliar context. Tracey and
Hutchinson [74] reason that uncertainty plays an important role in the design process. How
designers experience states of uncertainty could be different, yet often lead to emotional
experiences [74], which aid deeper transformative learning [47].

In sum, an interplay between the familiar and the unknown was created by ownership
matched with a novel physical context and aspects of uncertainty. From this we propose
that it is important to consider this balance as a factor that creates a “supportive yet charged
learning environment” [49]. Based on our findings, we argue that these conditions also
make the project more memorable, with the probability of longer-term transformation
in students.

4.3. Professional Relevance of Self-Reported Transformation

The learning-by-doing educational approach has an implicit emphasis on informal
learning [41], while transformative learning focuses on personal attributes [48]. From our
findings, five areas were identified in which learning transformation occurred: the premises
for design decisions, the role of the profession, confirmation of prior learning aspects,
the design process, and interdisciplinary importance. Below, we consider their relevance
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for 21st-century designers who must develop the skills of integrated decision-making,
leadership, and technical capabilities.

Students reported both thought and skill development in their feedback, which are
important for professional development and making design decisions. From the municipal
feedback, there is also evidence that the student engagement triggered new ways for the
staff to think about design solutions. Design is about problem-solving [29,31]. A designer’s
main task in complex systems is to weigh up the many possible ways a space can function
and balance social, environmental, and economic benefits with cognizance and transparency
of the trade-offs [83]. What constitutes a fair trade-off is a value judgment, based on personal
and professional formation, but also influenced by contextual factors [84]. Our findings
concur with Jabeen et al. [29] that the real-life confrontation with a variety of values and
insights allowed students to reflect and make decisions about their professional values,
reflecting greater empathy. For the municipal staff, the confrontation rather purposefully
challenged the status quo and prevented defaulting on design solutions that are too simple.

Professional roles and responsibilities have constantly been redefined as social values
have changed over the last century [85]. Levels of global warming, poverty, biodiversity
loss, and other detrimental consequences of human action compel the moral improvisation
of knowledge for improved design choices [33]. Students need to be confronted during
their education to help them discern the choices of what kind of a professional they would
like to become [29,31]. Many professionals, while operating within ethical boundaries, do
not desire to change the status quo that provides them with a living. Built environment
professionals who are not confronted with the shortfalls of current planning systems and
urban realities will not be inclined or enabled to create a different future with alternative
UGI solutions. Professionals must not only learn to respect other disciplines and the
knowledge of unschooled community members, but must willfully desire to break out of
silos to make relevant systemic connections and thereby create alternative futures. Our
research findings show that a real-life project confrontation in a challenging environment
could assist with such a decision about the role an individual decides to play. Newton [48]
argues that, when students undergo such transformational change, it provides them with
essential tools to become effective agents of change.

The aim of the real-life project is also to experiment and test the application of the-
oretical concepts [38]. Similar to findings by Sara [30], students reported testing what
they had learned before by applying previous skills in a real-world setting. The reflection
needed for this process to be internalized was aided by the feedback questionnaires [74].
The contextual complexities [9] and the learning environment [29,31] challenged students’
conventional ways of doing (“hindered the creative process”). Students consequently
adapted their design process and learned to become more flexible in how they apply theory.

The complexity of urban problems and the shortcomings of solutions that aim to deal
with these problems in isolation have led to greater emphasis on interdisciplinary and even
transdisciplinary engagement in research, design, and planning [86]. Multiple perspectives
can more comprehensively document the context and significance of UGI to respond more
directly to social wellbeing [36], while providing solutions that are more sustainable and
resilient to local conditions. Our findings correspond to those of Sara’s [30], indicating
learning across disciplines. The architecture students specifically reported a greater appre-
ciation of landscape architecture skills. The proficiency to work across disciplines is an
essential skill for future professionals to improve design solutions [9]. Technical know-how
of stormwater engineers or community insight from social anthropologists would have
further assisted the students on the project to build competencies across disciplines.

Interdisciplinary engagements come with challenges. Students paired in groups of two
across architecture and landscape architecture disciplines did not all work in synergy. Only
one student group was successful with integrated decision-making across their disciplines,
coincidentally receiving the award for the best studio project. At least two other groups
experienced intense conflict in making joint decisions they were unable to resolve, leading
to poorer design outcomes. It is important to acknowledge that designers notoriously
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have strong egos, while individual creative conceptions are still highly valued within
their disciplinary formation. This emphasizes the importance of the educational changes
required, as advised by several authors [6,9,36,48]. The young professionals learned that all
the solutions do not lie in one profession or one approach, but in different ways of knowing,
which includes the knowhow of the community.

5. Conclusions

Collaboration between universities and local municipalities could improve UGI plan-
ning and design as far as it confronts preconceived ideas and acontextual applications
with on-the-ground realities and conceptualizes alternative design processes and proposals.
Collaborators can benefit from an experimental learning-by-doing approach to improve
contextual, procedural, systemic, and transformative learning that could start altering
conventional and institutionalized ways of approaching UGI challenges and cultivate
innovative ideas for balancing trade-offs.

Our study has confirmed previous findings and elaborated on them in the following
ways. We found that, for the municipal staff, the live project process and student attitudes
and ideas created a setting for seeking solutions that went beyond the status quo. Familiar
questions and trade-offs were reconsidered, with changes in how students and municipal
staff formulated their ideas of “ideal” solutions to UGI design problems.

Live projects provided the exposure of young (and potentially adult) professionals to
greater social dynamics, which developed their ability to more sensitive and sensible value
judgements. Live projects created an interplay between the familiar and the uncertain,
which is a fertile environment for transformative learning. This environment can be
conceived by open choice and ownership, matched with a novel and/or challenging
physical context. Transformative learning for designers through live projects was associated
with greater social empathy in design decision, influencing choices about the role a young
professional decides to play, creating greater design process flexibility and learning, and
the acknowledgement of skills across disciplines.

Although collaboration and live projects cannot solve all the challenges of UGI in
Global South countries, they do pose one possible way of transforming the people in-
volved, the current processes followed and the outcomes pursued. When combined, these
aspects hold promise for the radical shifts required to reimagine and create a more just
and sustainable built environment. Our case study focused specifically on challenges
for UGI in a Global South context, making the findings more applicable to these settings.
However, we believe the findings remain equally valuable to all countries that aim to
improve their ability to live inside planetary boundaries. Social empathy, self-activation,
flexibility, and interdisciplinarity are valuable qualities for designers, regardless of their
socio-ecological context.

Our study particularly had limitations in terms of the spectrum and depth of the
feedback received from municipal staff. To gain a better understanding of the real uptake of
ideas by municipalities and changes over time, a longer-term and more in-depth feedback
process with a greater representation of built environment disciplines needs to be under-
taken in future studies. Based on our experience, we offer some suggestions as guidance
for future work.

Collaborative projects render benefits for those engaged in them through time spent
either engaging with the site and local community or critically reflecting on and debating
about fresh solutions to the status quo. Incentives for the academics and municipal staff
must be aligned with the shared outcomes and deliverables expected from team members
in the collaborative process. For example, educational outputs by students, if provided
in the right format, could be taken further by the municipal staff or academic researchers
involved to develop as institutional outputs.

Site visits are critical to assist in the comprehension of activities, users and environ-
mental qualities that are present over time. Since there is mostly no guarantee that student
projects will be implemented, caution should be exercised in creating expectations in the
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community, while transparently communicating the potential lack of tangible outcomes
through key figures and existing social structures.

A remote context seems to intensify student learning. Initial site visit experiences are
very acute, but a remote context and its users become progressively more abstract as time
passes. If there is not enough time and funding for site visits and community consultation,
this could potentially counteract the objective of live projects to confront students with the
realities on the ground.

Although feedback from different role players is an important part of the experiential
learning process, adequate guidance of students is also critical. Incorporating a wider pool
of disciplines in projects could be logistically challenging, but could broaden the learning
experience and quality of the design proposals. Existing or additional coursework and
lectures should be provided in the studio to explain new interdisciplinary concepts and
provide guidance to students in terms of existing knowledge on these subjects.

Author Contributions: Conceptualization, C.B.; methodology, C.B. and H.M.; formal analysis, C.B.;
writing—original draft preparation, C.B.; writing—review and editing, C.B. and H.M.; visualization,
C.B.; project administration, C.B and H.M.; funding acquisition, C.B. All authors have read and
agreed to the published version of the manuscript.

Funding: University of Pretoria, Scholarship of Teaching and Learning (SoTL) grants 2019.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
Faculty of Engineering, Built Environment and Information Technology at the University of Pretoria
(reference number EBIT/117/2019 and date of approval 14 June 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cincotta, R.P.; Wisnewski, J.; Engelman, R. Human population in the biodiversity hotspots. Nature 2000, 404, 990–992. [CrossRef]
2. United Nations, Department of Economic and Social Affairs, Population Division (UN/DESA/PD). World Urbanization Prospects:

The 2018 Revision. Available online: https://population.un.org/wup/Download/ (accessed on 2 March 2020).
3. Cilliers, S.; Breed, C.; Cilliers, J.; Lategan, L. Urban ecological planning and design in the Global South. In Urban Ecology of the

Global South; Shackleton, C., Cilliers, S., Davoren, E., Du Toit, M., Eds.; Springer Press: Berlin, Germany, 2021; pp. 365–400.
4. White, R.; Turpie, J.; Letley, G. Greening Africa’s Cities: Enhancing the Relationship between Urbanization, Environmental Assets and

Ecosystem Services; The World Bank: Washington, DC, USA, 2017; p. 50.
5. Dodman, D.; Leck, H.; Rusca, M.; Colenbrander, S. African urbanisation and urbanism: Implications for risk accumulation and

reduction. Int. J. Disaster Risk Reduct. 2017, 26, 7–15. [CrossRef]
6. Dobbs, C.; Escobedo, F.J.; Clerici, N.; De la Barrera, F.; Eleuterio, A.A.; MacGregor-Fors, I.; Reyes-Paecke, S.; Vásquez, A.; Zea

Camaño, J.D.; Hernández, H.J. Urban ecosystem services in Latin America: Mismatch between global concepts and regional
realities? Urban Ecosyst. 2019, 22, 173–187. [CrossRef]

7. Roberts, D.; Boon, R.; Diederichs, N.; Douwes, E.; Govender, N.; McInnes, A.; Mclean, C.; O’Donoghue, S.; Spires, M. Exploring
ecosystem-based adaptation in Durban, South Africa: ‘Learning-by-doing’ at the local government coal face. Environ. Urban.
2012, 24, 167–195. [CrossRef]

8. Steffen, W.; Richardson, K.; Rockström, J.; Cornell, S.E.; Fetzer, I.; Bennett, E.M.; Biggs, R.; Carpenter, S.R.; de Vries, W.; de Wit,
C.A.; et al. Planetary boundaries: Guiding human development on a changing planet. Science 2015, 347, 1259855. [CrossRef]
[PubMed]

9. Meyer, M.W.; Norman, D. Changing design education for the 21st century. She Ji J. Des. Econ. Innov. 2020, 6, 13–49. [CrossRef]
10. Du Toit, M.; Cilliers, S.; Dallimer, M.; Goddard, M.; Guenat, S.; Cornelius, S. Urban green infrastructure and ecosystem services in

sub-Saharan Africa. Landsc. Urban Plan. 2018, 180, 249–261. [CrossRef]
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Abstract: This paper presents the results of an exploration into the adoption of biodiversity-friendly
practices by the real estate sector, by researching which factors determine companies’ intentions
to use nature-inclusive design and construction concepts (NID). NID represents practices in which
nature and building are inextricably linked when (re)designing building projects. We applied the
Theory of Planned Behavior (TPB), a well-known framework for studying behavior. A telephone
survey was carried out among 103 employees at different types of companies in the real estate sector.
The findings showed that attitude, social norms, and perceived behavioral control are all significant
explanatory variables for the intention of using NID. Perceived behavioral control is the strongest
predictor. In addition, interest in NID strengthens the predictive value of perceived behavioral control.
The empirical findings in this study serve as a first attempt to provide insights into the determinants
of behavior in favor of using NID and, by extension, looking for drivers for change. The study was
carried out in the Netherlands, but the results may be applicable or interesting to other countries as
well when looking for opportunities to enhance biodiversity in urban areas or considering how the
real estate sector could give substance to their vital role in spatial developments.

Keywords: sustainability; behavioral change; building sector; green spaces; urban areas

1. Introduction

More than half of the world’s population lives in urban areas, and this number is
expected to increase [1]. While cities’ populations keep growing, cities are challenged by
environmental issues and planetary boundaries [2]. Loss of biodiversity is one of these
issues and is considered as a top-five global risk [3]. Urban green space provides important
values for increasing urban biodiversity [4], as well as for climate resilience and the livability
of cities [5,6]. City planners are encouraged to consider biodiversity conservation as a core
value in urban planning [7]. Although the importance of urban green space for biodiversity
and citizens is now widely recognized [8,9], green space in and around cities is often limited
by competing spatial claims [10]. Continuing urban expansion and declining maintenance
budgets for green spaces put pressure on the available quality and quantity of green space
in many cities [11,12]. As a consequence, urban biodiversity and the quality of life of urban
citizens are threatened across the globe.

1.1. The Role of the Real Estate Sector in Nature-Inclusive Construction and Design

A sector that h s a major influence on spatial developments in cities is the real estate
sector [8,13,14]. In this paper, the term “real estate sector” is used in its broadest sense to
refer to a sector that includes (business) actors who are active in building and planning—
and thus shaping—the urban environment, including architects, project developers, urban
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planners, housing corporations, construction companies, landowners, and financial insti-
tutions. Despite the major role of the real estate sector in urban development, preserving
or enhancing biodiversity is usually not one of its priority areas [8,15]. In fact, various
studies indicate that the current real estate sector is not environmentally sustainable. It
exerts great pressure on natural resources and contributes to the loss of biodiversity [15–17].
Nevertheless, urban biodiversity can recover and even improve when it is “built into the
urban fabric”, i.e., when it is truly and widely incorporated into construction projects and
different urban infrastructures [18].

Over recent decades, scholars have come to realize that in the complexity of the modern
city, strict managerial approaches to tackle urban issues often fail to achieve their desired
outcomes because they lack recognition of the importance of stakeholder behavior [19] and
of the fact that “firms or industry actors play critical roles in sustainability transitions” ([20]).
In this regard, the real estate sector is no exception, especially because it has such a high
environmental impact [15]. Therefore, the prominent role of the real estate sector in urban
spatial development, combined with societal and environmental urgency for urban nature
and biodiversity, demands a broader insight into the practices of real estate actors and
opportunities for change.

Technical innovations are often necessary for the success of change, but what may
be even more challenging is the social embedding of such changes in actual behavior.
“Social” barriers are therefore as essential as “technical” ones [21,22]. From this perspective,
promoting biodiversity-friendly practices by the real estate sector does not merely require
the development of new forms of nature-inclusive design and construction (NID), but also
an embedding of NID in actual behavior. Real estate companies need to change the way
they are doing business to enhance (urban) biodiversity.

However, it is known that people do not change behaviors quickly. They often show
little or no interest in new ideas or activities and are often unaware that their current
behavior is problematic or will result in negative consequences. Behavioral change is a
process that starts with recognizing and seeing things differently and encompasses moving
through certain stages of change [23]. The adoption of NID shows similarities with circular
economy [24–27], which currently emerges in the built environment [15]. Both concepts
include the creation of new relationships with goods and materials and attempt to overcome
the sustainable disadvantages of current behaviors.

Central to this study is the use of NID, in which nature conservation and construction
activities are inextricably linked and reinforce each other. Ultimately, NID creates more
biodiversity and a climate-adaptive and attractive living environment for residents and
users. We understand NID as acting pro-actively in the interests of nature and biodiversity
by integrating nature when building or renovating homes, offices, other buildings, or area
development. When adopting such practices, flora and fauna are taken into account, prefer-
ably proactively at an early stage. Measures to be taken vary in ease of implementation and
integration. Standard options include permeable pavements, insect hotels, or encouraging
sparrows or bats to inhabit an area. However, creating a nesting box for a peregrine falcon
or a green roof (or even a facade) requires a more specialized approach.

While there are many forms of NID that are already available in the urban environment,
the uptake has often been slow. As we discussed above, this uptake will require conscious
behavioral change among real estate stakeholders. Consider, for example, the behavioral
changes required when using (new) roof tiles that are suitable for bats in buildings. These
tiles cannot be inserted in buildings without prior thought about why and where to buy
them, how to incorporate them in the building design, and/or where and how to install
them. Thus, the first usage of such roof tiles requires significant modifications in existing
procurement practices and procedures.

1.2. Research Objective and Scope

In the context of this background, we studied the development of new real estate
practices for enhancing biodiversity in urban areas through the lens of behavioral change.
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While the urgency for urban greening is clear, and it is also clear that the real estate sector
has a big role to play, too little attention is currently being paid to the mechanisms that
underpin behavioral change in this sector. The considerations of real estate stakeholders and
the predictive factors for their engagement in NID are currently unknown. Although the
literature highlights a number of innovative practices in which real estate actors incorporate
biodiversity [28,29], insight into the perspectives of the sector as a whole is currently lacking.
Addressing this knowledge gap can provide important insights for addressing the behavior
of real estate stakeholders, with the aim of promoting NID and ultimately contributing to
urban biodiversity.

Therefore, the aim of the present research was to explore factors determining compa-
nies’ intentions to use NID. Through a survey, we gained insights into the considerations
and practices of Dutch real estate actors in relation to NID. We did this by identifying the
factors that determine companies’ intentions to use NID.

This research was conducted in the Netherlands and specifically focused on those
actors who are active in the real estate sector in a broad sense, i.e., the planning and
construction of buildings and their (green or grey) surroundings. In the Netherlands,
despite increasing attention, projects for nature-inclusive building are still developing
only to a limited extent. The national government attempts to support a nature-inclusive
development of urban regions, as highlighted by a letter to parliament from the responsible
minister on 17 June 2020, in which she indicated her the ambition to make nature-inclusive
building generally accepted [30]. In the recent coalition agreement by the new national
government coalition, presented on 15 December 2021, the Minister of Housing, Spatial
Planning and the Environment committed to focusing on solving bottlenecks to stimulate
NID [31]. Several large and small cities have developed stimulating policies to further
develop nature-inclusive building (e.g., Amsterdam, Arnhem, The Hague, and Zeist). There
are also several initiatives at the provincial level, such as in the province of Zuid-Holland,
to ensure that new building recovers or enhances biodiversity [32].

This paper starts with an explanation of the conceptual framework and then provides
the methodology that was employed. It then provides the results, and finally presents and
discusses the findings of the research.

2. Conceptual Framework

A framework that has been widely applied for predicting change in human behavior
is the Theory of Planned Behavior (TPB), which was originally developed by Ajzen [33–35].
This framework has large predictive power [36] and has been used in various countries
and behavioral domains, including health-related behavior, recycling behavior, physical
activity, (organic) food purchasing, online purchasing behavior, and trade [37–41]. The TPB
is based on the belief that behavioral intentions are the immediate predictors of behavior.
Intentions, in turn, are influenced by three factors: a person’s attitude towards the behavior,
how much social pressure the person feels (i.e., social norms), and whether the person feels
in control in performing the behavior (perceived behavioral control).

In general, the TPB views the intention to display a certain behavior as stronger
when the three predictive factors are positive, making it more likely that a person will
carry out this behavior [33]. Attitude is the first determinant that is assumed to capture
people’s overall evaluation of a specific behavior and its projected outcome [42]. The
more positive an individual’s evaluation regarding the outcome of using NID, the more
favorable his or her attitude should be towards this behavior and, consequently, the stronger
the intention to engage in NID. The second determinant is social norms, which are the
perceived social pressures to perform a specific behavior. Different types of social norms
are distinguished [43], and one is assumed to be more fruitful for behavior change [44].
This so-called “injunctive norm” refers to “what others think I should do” and represents
perceived moral rules of so-called “significant others” (a given referent individual or a
group or peer group) [45]. The last determinant is perceived behavioral control, which
refers to the perceived ease or difficulty of performing a given behavior. It is concerned
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with beliefs about control factors that can facilitate or interfere with executing a specific
behavior. The greater the perceived behavioral control over using NID, the stronger the
individual’s intention to engage in such activities.

In this study, we applied the TPB to the real estate sector and the use of NID. By doing
so, we aimed to predict when real estate actors are willing (or not willing) to engage in
NID, and what factors are of particular relevance in this respect. Our conceptual model is
presented in Figure 1 and shows how we applied the TPB in the present study. We expected
that all of the TPB variables (attitude, social norms, and perceived behavioral control) are
positively associated with the intention to use NID (hypothesis 1).

The TPB is, in principle, open to the inclusion of additional predictors [35] and for
the purpose of this study we have explored the role of two other variables. First, we were
curious about the role of interest, because adopting a new behavior such as NID is not an
easy, singular action to perform; people need to modify their behavior significantly. Quite
often a lack of interest is an obstacle to a successful change in adopting green building [46].
Interest in NID might influence the strength of the relationship between attitude/social
norms/perceived behavioral control and intention (i.e., the moderating effect of interest in
NID on respective relationships, such as the attitude-intention relationship). Therefore, we
hypothesized that interest moderates the factors that can influence actors’ intention to use
NID (hypothesis 2).

Second, as a business’s decisions could be influenced by the nature of the business
(for instance, architects or construction companies might have different interests related
to NID), the context of a company was added as an additional variable, given the het-
erogeneity of the sector. Both additional variables were employed independently from
the way in which we measured attitude, social norms, and perceived behavioral control.
Therefore, we hypothesized that company context is associated with the intention to use
NID (hypothesis 3).

Figure 1. Conceptual model of this study based on the Theory of Planned Behavior (TPB). The solid
arrows show the relationship between the TPB’s variables and the dashed arrows show the effects of
the additional variables.

3. Materials and Methods

3.1. Procedure and Participants

To obtain information on the relevant variables in this study, a survey method was
adopted. For data collection, a structured questionnaire was developed and set out during
June–August 2019 (before the outbreak of COVID-19). Respondents were invited to join the
survey and, upon approval, were approached for an interview by phone. The interviews
were held according to a fixed protocol, in Dutch, and consisted of closed-ended questions
to prevent deviations from the central research questions. The protocol and the survey
were developed by the authors of this article and slightly adapted after a pre-test among
experts on either behavior or the real estate sector. The interviews were executed by a
market research agency specializing in the real estate sector and their panel—the largest
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one in The Netherlands—was used for drawing a sample. Respondents were recruited
based upon the following company characteristics: the segment of the real estate sector,
company size, geographical distribution, and the respondent’s involvement in the strategic
decision-making process within the company. The survey was widely disseminated; a
total of 103 company representatives were interviewed by telephone (minimum 1/2 h), of
which 88 were used for the statistical analysis based on consistency and company size.
Companies smaller than 1 full-time equivalent were left out because of their small size;
they were considered to be self-employed.

As noted, the study sample consisted of 88 participants, who were all involved in
the strategic decision processes within their companies, with a mean working experience
of 10.5 years (SD = 9.5). The most common types of company contexts were contrac-
tors/builders (27%), followed by architects (21%) and real estate managers (21%). Architects
plan, design, and oversee construction of buildings, whereas contractors are in charge of the
everyday oversight of a construction site. Real estate managers represent companies that are
charged with operations related to real estate property for a fee (e.g., housing corporations).
Other respondents (31%) included investors, brokers, and project developers.

3.2. Measures

As NID is a relatively new and not yet well-defined concept, the interpretation of
NID, as used in this study, was explained to the respondents at the start of each interview
(see Appendix A). The study then began with some single-item questions that asked
participants to indicate their familiarity with and i1nterest in NID using a 5-point Likert
scale ranging from (1) “completely disagree” to (5) “completely agree”. For example, the
questions included “To what extent was your organization familiar with NID prior to
this survey?”, “To what extent is your company interested in using NID?”, and “To what
extent are you already using NID?”. These questions were followed by several questions
designed to assess the TPB’s variables. The TPB variables were measured in accordance
with the work of Ajzen (e.g., [34,35]) and the items used were adopted from previously
validated instruments and modified so that the focus was on using NID. The variables
were explained in the next section and Table 1 shows the items and their accompanying
Cronbach’s alphas. The items used show good or acceptable internal consistency [47].
Finally, the questionnaire asked participants to provide some information about their
backgrounds and the company’s background.

Attitude: to assess the attitude towards the use of nature-inclusive design, participants
evaluated three items on 5-point bipolar adjective scales, such as “useless—useful”, “bad—
good.” Responses were aggregated to yield a measure of attitude [33,48].

Social norms: (injunctive) social norms were measured using three Likert scale items
that asked the respondents whether they believed that their customers/funders/government
wanted them to use NID (ranging from 1 = “completely disagree” to 5 = “completely agree”).

Perceived behavioral control: the perceived behavioral control refers to the expected
simplicity or difficulty with which one can perform the intended behavior. The items
were measured using two Likert scale items and assessed to what extent people con-
sider themselves capable of using NID (ranging from 1 = “completely disagree” to 5 =
“completely agree”).

Intention: The respondents were asked to indicate their intention to perform NID
behaviors in the upcoming year, with three items as set out in the table [33].
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Table 1. Items of the TPB’s variables.

Variable Item Cronbach’s Alpha

Attitude
Negative—positive

Bad—good
Useless—useful

0.85

Social Norms

I believe that our customers want us to build
nature-inclusive in the coming year.

I believe that our funders want us to build nature-inclusive
in the coming year.

I believe that the government wants us to build
nature-inclusive in the coming year.

0.66

Perceived
behavior control

I have the feeling that we will be able to build
nature-inclusive in the coming year.

If we wanted to, we could build nature-inclusive in the
coming year.

It is usually our decision whether we are going to build
nature-inclusive in the coming year.

0.74

Intention

We intend to build nature-inclusive in the coming year.
We would like to build nature-inclusive in the coming year.
We are sure that we will be building nature-inclusive in the

coming year.

0.94

3.3. Method

All analyses were carried out using SPSS, version 20. To compare the means between
two groups, we used the student’s t-test. To assess whether the TBP’s variables that have
been adopted are fit for use, we estimated Cronbach’s alphas, which showed the level of
internal consistency within a group of items. The range was between 0 and 1 and a higher
Cronbach’s alpha indicated that a scale was more reliable. To measure the strength of
association between two variables and the direction of the relationship, we calculated the
Pearson’s correlation, which showed correlation, not causation. If a correlation between
two variables is present, it can be positive or negative.

To test the hypotheses and identify which behavioral variables predict companies’
intentions for using NID, multiple linear regression analysis was conducted, which is a
statistical technique that uses two or more independent variables to predict the outcome of
a dependent variable. We included analysis of multicollinearity using variance inflation
factors (VIF) to determine the independence of variables in our model. If the VIF was
smaller than 10, multicollinearity was not a problem in this study. As the hypothesis
indicated, we did not focus only on direct relationships between variables, but also focused
on whether the relationship between two variables depends on (is moderated by) the
value of a third variable and, therefore, we examined the moderating role of interest. For
the moderating analysis, we used the PROCESS macro for SPSS and mean-centered the
variable “interest”.

4. Results

4.1. Current Situation

The interviews started with a discussion of the current NID practices among the
respondents, as presented in Table 2. Of the respondents, 61% indicated that they were
already somewhat involved in NID, while a further 36% indicated that they were not yet
involved but expected to become involved in the future. Only 3% of the respondents
indicated that they did not expect to become involved in NID. Furthermore, 33% of all
respondents indicated that their company already has a vision with respect to NID.
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Table 2. Involvement of companies in NID (n = 88).

Percentage

1. Currently involved in NID 61%
2. Not yet involved in NID, expecting to become involved in the future 36%
3. Not expecting to become involved in NID 3%

4.2. Motivations for and Barriers to Engaging in NID

In Table 3, companies’ main motivations for engaging in NID are highlighted, based on
a Likert scale from 1 (strongly disagree) to 5 (strongly agree). Concerning the motivations
(Table 3) to engage in NID, this shows some quite significant differences between companies
that are already involved in NID and companies that are not yet involved. The most
important motivation for engaging in NID was, “We want to do something good for society,”
but the contributions to the public image of the company were also a very important reason
to engage in NID. The respondents who were already involved in NID ranked these
motivations significantly higher than did those who were not yet involved.

Table 3. Main motivations for engaging in NID on a 1–5 Likert scale (n = 88).

Companies Involved in NID Companies Not Involved in NID

We want to do something good for society * 4.2 3.7
It is good for our public image * 4.0 3.4
NID sets us apart from others 3.4 3.3
It fits within our way of working ** 3.3 2.3
The risk-reward ratio is acceptable 3.2 2.9
We have enough knowledge on NID ** 3.1 2.3
NID is part of the customer demand * 2.9 2.3
Conservation or improvement of market position 2.8 2.7
NID is required for certification that we aim for 2.2 2.1

Notes: * significant at the 5% level and ** significant at the 1% level.

Table 4 highlights the main barriers that companies experience in relation to NID on a
Likert scale from 1 (strongly disagree) to 5 (strongly agree). In this table, the differences
between the two groups are generally quite small and not significant. The most important
barrier was a perceived lack of willingness to pay among customers. Companies that are
not yet involved in NID believed, more often than companies that were involved, that NID
would involve too much uncertainty and would not fit with their way of working.

Table 4. Main barriers for engaging in NID on a 1–5 Likert scale (n = 88).

Companies Involved in NID Companies Not Involved in NID

Insufficient willingness to pay amongst customers 3.7 3.6
NID involves too much uncertainties * 2.8 3.3
Management of green is a problem 3.1 3.2
Not necessary for our market position 3.0 3.1
Complicated due to municipal rules or procedures 3.3 3.1
The risk-reward ratio is not acceptable 2.9 3.0
We have insufficient knowledge on NID 2.7 2.9
Technology has not yet been developed far enough 2.8 2.7
NID does not fit within our way of working * 2.1 2.6
Insufficient support for NID within our company 2.1 2.5

Notes: * significant at the 5% level.

4.3. Model Results

Descriptive statistics and Pearson’s correlations between the study’s variables are pre-
sented in Table 5. These figures show that on average, companies show a positive attitude,
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positive perceived behavioral control, and a positive intention to use NID. Respondents
indicated that they perceived moderately low social pressure to use NID.

Table 5. Descriptive statistics and correlations for study variables.

Mean SD 1. 2. 3. 4. 5.

1. Attitude 3.96 0.86 1 0.165 0.370 * 0.543 * 0.450 *
2. Social norms 2.84 0.86 1 0.413 * 0.412 * 0.512 *
3. Perceived behavioral control 3.23 1.05 0.429 * 0.651 *
4. Interest 3.65 1.11 1 0.553 *
5. Intention 2.94 1.32 1

Notes: * significant at the 1% level.

Table 6 presents the results of regression analysis on the intention to use NID. The
variables explained a moderate proportion of the variance (R2 = 0.55). Attitude, social
norms, and perceived behavioral control were significant explanatory variables for the
intention to build nature-inclusively. There were positive relationships between attitude,
social norms, and perceived behavioral control in using NID, as hypothesized (H1). There-
fore, if one of these variables increased, it had a positive effect on the intention to build
nature-inclusively (i.e., it increased with it). Of the three variables, the perceived behavioral
control had the largest coefficient and thus the greatest influence on intention. A coefficient
indicates the degree to which the dependent variable increased (or decreased), with an
increase in the associated variable of 1. In this case, when the behavioral control increased
by 1, the intention to build nature-inclusively increased by 0.56, on a scale of 1 to 5.

Table 6. Predictors of behavioral intention to use NID.

Coefficient VIF

Constant −1.56 *
Attitude 0.41 * 1.17

Social norms 0.39 * 1.22
Perceived behavior control 0.56 * 1.36

Notes: * significant at the 1% level.

In the next stage of analysis, to test H2, the main model was further used to explore
whether interest played a moderating role. The same model was applied, now including the
moderating effect of interest in NID on the attitude-intention relationship, the social norms-
intention relationship, and the perceived behavioral control-intention relationship. The
results revealed that the relationship between perceived behavioral control and intention
was moderated by interest in NID (β = 0.15, se = 0.08, p < 0.05). However, interest did
not moderate significantly the relationship between either attitude or social norms and
intention towards using NID (β = 0.09, se = 0.10, p = 0.382 and β = 0.02, se = 0.11, and
p = 0.885). Hypothesis 2 was thus partly supported. Simple slope analyses showed that
among those who had a relatively high interest in NID (1SD above the mean), the stronger
the perceived behavioral control was, the higher the intention was to use NID (β = 0.46,
se = 0.13, and p < 0.001). Among those who showed a relatively low interest (1SD below
the mean), there was a positive but weaker relationship between perceived behavioral
control and the intention to use NID (β = 0.79, se = 12, and p < 0.000). Thus, for individuals
who experienced high levels of interest, the link between perceived behavioral control and
intention to use NID was stronger, compared to individuals who experienced low levels
of interest.

In the final part of the survey, the context of a company was added to the model,
as a business’s decisions could be influenced by the nature of the business. A regression
analysis was run in the same manner as before. Table 7 indicates that by adding controls
for the company context, the estimated coefficients for attitude and social norms decrease,
whereas perceived behavioral control increases. Thus, the variables for architects and real
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estate development were positive for the intention to use NID, indicating, as hypothesized,
the importance of company context (hypothesis 3).

Table 7. Predictors of behavioral intention to use NID, including company contexts.

Coefficient

Constant −1.42
Attitude 0.24 *
Social norms 0.41 **
Perceived behavioral control 0.61 **
Company context
- Contractors/builders 0.33
- Architects 0.60 *
- Real estate development 0.72 *

Notes: * significant at the 5% level and ** significant at the 1% level.

5. Discussion and Conclusions

The aim of the present research was to explore factors determining companies’ inten-
tions to use NID. The results supported hypothesis 1. All key variables (attitude, social
norms, and perceived behavioral control) were significant predictors of the intention to use
NID. The findings of this study showed that interest partially moderates the relationships
among the key variables and the intention to use NID. Thus, hypothesis 2 was partly
confirmed. Interest only moderates the relationship between perceived behavior control
and the intention to use NID. This means that the positive effect of perceived behavioral
control on the intention to use NID is even stronger for companies with a high level of in-
terest. Finally, company context directly influenced the intention to use NID (hypothesis 3),
particularly for architects and real estate managers. This hypothesis could be explained
by the fact that architects and real estate managers deal with NID on a more strategic
level, as opposed to builders, who operate on an operational level. Thus, we provided
empirical evidence that a company’s intention to use NID is determined by attitude, social
norms, perceived behavioral control, and company context. In addition, interest is an
indirect aspect to consider when it comes to the adoption of NID. Targeted interventions
could support the adoption of NID, and it is important to take interest into account in the
development of future interventions.

As our analysis showed, the appeal of nature-inclusive construction for real estate
stakeholders lies in social factors, as well as in business models. The most important
motivation for incorporating a nature-friendly approach lies at the level of values—doing
something good for society. However, the contribution to image and distinctiveness also
has a motivating effect. Our analysis showed that Dutch real estate actors are aware of their
corporate social responsibility [16], but they also engage in NID because they perceive it
as beneficial for their business interests. Even so, while NID is perceived as beneficial for
the image and distinctiveness of real estate companies, they do not engage in NID because
of profit margins or potential extra income; respondents experienced a low willingness
to pay among customers and perceived this as the most important barrier to engaging in
NID. In this respect, NID might be good for the profile of companies, but many real estate
stakeholders still need to develop adequate business models to profit financially from the
engagement in NID [49].

A main difference between companies that are already engaged in NID and those
that are not yet involved relates to how well NID fits within companies’ ways of working
and matches their knowledge and experience with NID. On average, companies that
build nature-inclusively were more likely to find that such an approach is in line with the
operational working method within the company and that there is sufficient knowledge
about nature-inclusive building. Those that are less involved in NID felt that it involves
too much uncertainty.
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In addition to the main findings, we would like to highlight the role of social norms that
could accelerate the adoption of NID-specific behavior, and sustainable behavior in general.
A social norm is something that is developed by several individuals or groups together, but
small incentives are needed to make the new behavior the standard or common practice. It
is known [33,45] that people are more likely to perform a type of behavior if they feel that
other people around them also do so or find it important to do so. Therefore, this awareness
could be used in many interventions aimed at behavioral change [50]. Our study showed
that moderately low social pressure to use NID was perceived. Those responsible within the
companies did not feel a great deal of (dis)approval from their peers or significant others.
Therefore, promoting social norms with respect to NID can help to motivate real estate
stakeholders, as well as other actors, in preserving or enhancing urban biodiversity. To
mobilize behavioral change in the real estate sector—and beyond—in favor of biodiversity,
actions could be developed to normalize NID as desired behavior.

For example, communication activities such as developing a contest, structurally
drawing attention to the subject in trade journals, or—more compellingly—including
nature-inclusive buildings as a requirement in tender procedures or in administrative
rules and regulations related to, for instance, permits for construction projects, could
be considered.

Our main contribution to the literature is that we studied the enhancement of biodiver-
sity in urban areas through the lens of behavioral change of real estate stakeholders/actors
who play key roles in urban spatial development. It is recommended that behavior itself be
understood before trying to change current behavior [50]. In addition, we provided empiri-
cal evidence for the mechanisms that underpin behavioral change in the real estate sector.
Considering the important role that the real estate sector plays in urban development and
the need to engage that sector in the field of urban biodiversity [8,15], the findings offer
positive insights for greater involvement of the Dutch real estate sector in urban greening
through NID. The majority of interviewed companies were already involved in NID, and
from the perspective of growth it is important to highlight that almost all respondents that
were not yet involved in NID expected to become involved in the future.

To conclude this article, some limitations of the present study need to be addressed.
First, the research was undertaken in a specific setting of the Dutch building environment;
hence, any generalizability of its findings for different contexts (e.g., other countries) should
be treated with caution. The general approach to study the intention to adopt NID provides
an opportunity for the analysis to be replicated in urban areas in other countries to ascertain
whether companies in different subsectors within the building sector behave similarly. In
this study, we focused on representatives of companies, as they act as agents of change.
However, they can operate only within the constraints of a company, which can be either
stimulating or restraining.

Further research could also be conducted to explore additional factors to enhance
biodiversity by deploying the unconscious aspects of behavior. We examined leads for
behavioral change in the conscious parts of behavior, as it is reasonable to expect that
nature-inclusive building will require a certain degree of conscious thinking or planning.
However, processes operate unconsciously as well, and as such influence behavior [51].
Unconscious processes, such as emotions, biases, and impulses, were not included in this
survey. Exploring these processes and biases may provide further clarity and represent
a promising extension of this study, and could bridge the failure to translate intentions
into behavior (the so-called “intention-behavior gap”) [52]. Finally, although this study
was carried out in the Netherlands, the results may be applicable or interesting to other
countries as well, when looking for opportunities for giving substance to the real estate
sector’s vital role in spatial developments or enhancing biodiversity in urban areas, and as
such contribute to a more sustainable and circular world.
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Appendix A

This questionnaire is about nature-inclusive construction in (re)development of real
estate, also referred to as “nature-inclusive design and construction concepts” (NID).

NID means taking nature and biodiversity into account in the process from planning to
implementation and incorporating this in the building or the (public) environment so that
more diverse plant and animal species can live there. This will give the living environment
of both animals and people a boost.

- In new and rebuilt buildings across all kind of levels or phases, e.g., during the design
phase or when decisions about investments are made, and in whichever field the
company is active.

- For example, by creating green facades, roofs or indoor gardens, planting trees and
bushes, integrating nest boxes or special roof tiles, or creating natural ponds.

- It is all about proactively acting for the benefit of biodiversity and integrating nature
into current practices.

Real estate: (re)development, construction projects, and area development in the
Netherlands.
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Abstract: Urban green spaces (UGSs) may present economic contributions through increases in
proximate property values, encapsulated in the proximity principle (PP). More data on the PP is
required from the Global South, where the quality and equitable distribution of UGSs are important
considerations. This paper investigates the PP in Potchefstroom, South Africa following a quantitative
approach, by statistically analyzing municipal property valuations in three districts differentiated
according to their socioeconomic status (SES). Districts are divided into sample areas where three
zones are demarcated according to their proximity to a UGS. The results show that property valuations
are generally higher for properties in closer proximity to UGSs in lower- and higher-income samples,
but are lower in middle-income areas. Neighborhood characteristics and SES, UGS amenity and
maintenance, ecosystem services and disservices, domestic garden area and residential property size
may be connected to the confirmation or rejection of the PP. The rejection of the PP in middle-income
areas indicates a need to improve public UGSs as amenity destinations. The results confirming the PP
in low-income areas could incentivize expenditures to improve UGS area and quality to increase the
willingness to pay for proximity to such spaces and, reciprocally, increase revenue from municipal
property taxes.

Keywords: green infrastructure; environmental justice; property values; proximity principle; socioe-
conomic status; Global South

1. Introduction

Research under the broad umbrella of green urban environments is well established,
following almost forty years of intensifying scholarship. The bulk of academic investigation
has historically focused on the Global North, but interest has also increasingly turned to
the Global South, highlighting the need to consider local scale, context and dynamics
when developing principles and frameworks to understand the role green uses fulfil in
the urban environment [1]. Such themes, once rooted in the biological sciences, have now
permeated multiple fields, including disciplines such as urban planning and design and
urban ecology [2,3]. Multiple research themes have emerged, initially focused on issues
related to environmental degradation and protection, but also increasingly investigating
social and economic considerations, often framed by the concept of environmental jus-
tice. Conceptualizations around environmental justice traditionally focused more on who
receives the benefits of urban green spaces (UGSs) and who bears the brunt of potential
disadvantages [4,5]. More recently, the emphasis has fallen on issues of distributive justice
concerning environmental quality and equitable UGS distribution and access [5–8]. Whilst
there have been exceptions [9], the bulk of international studies on the equitable distribu-
tion of UGSs have found that these spaces are frequently unevenly distributed [10–12], with
lower-income residents often served by lower levels of access and reduced proximity to
lower-quality public and private UGSs in comparison with higher income cohorts [13–18],
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often overlapping with their racial and ethnic minority status [19–24]. Differences in socioe-
conomic status have been directly and indirectly linked to the provision, access and use
of public and private UGS at multiple levels. Spatiotemporal variations in socioeconomic
factors and power relations within national and local structures can lead to significant
variability in UGS supply and demand [25,26]. Socioeconomic status (SES) and associated
political leverage may exert substantial influence on the planning, development and man-
agement of UGSs across the urban landscape [18,27,28]. UGSs are also perceived, visited
and utilized in different ways by different socioeconomic groups [29,30] depending on the
context, and influenced by, for example, socio-cultural conventions, amenity value, oppor-
tunities for social interaction, access and perceptions about inclusivity and safety [31–34].
Issues linked to safety have been cited specifically as concerns for the vulnerable, including
socioeconomically disadvantaged factions, the elderly, women and certain ethnic groups
internationally [10,29,35]. Such concerns are also often related to physical characteristics
and facilities, for example, lush vegetation or a lack of lighting that may conceal criminal
activity and limit surveillance [36–38].

The majority of research, and most case studies on UGS equality, quality and its asso-
ciated positive and negative impacts, have been focused on the Global North and its highly
urbanized contexts, which generally present higher incomes per capita and lower popula-
tion growth figures than most of the Global South [10,13]. The Global South is forecasted to
accommodate the largest share of future urbanization [17], establishing what Myers [39]
calls a “southern urban world”. The resulting appetite for land in contexts presenting more
limited resources and capacities may jeopardize UGSs, compromising environmental qual-
ity [6] and raising concerns for environmental justice related to environmental degradation,
loss of valuable ecosystems [10,17,34,40,41] and the further entrenchment of inequality in
access to quality UGSs amongst the disenfranchised. The relationship between SES and
planning for UGSs has also received limited attention to date [18,42]. There is a need for
urban planners and authorities, who have often been shown to acknowledge the impor-
tance of UGSs to some extent [2,34,43], to be further sensitized to the value of these spaces
based on research from and focused on the Global South related to the improved planning,
development and management of UGSs across the socioeconomic gradient [3,33]. Evidence
of the economic savings and contributions related to UGSs may prove fundamental to help
justify the human and financial capital required to prioritize the equitable development
and maintenance of UGSs to realize more sustainable human settlements [44].

As highlighted in Section 2.3, several studies have attempted to measure the economic
benefits of UGSs internationally. Investigations have often employed hedonic price analyses
to determine the value of residential property relative to their proximity to UGSs, thereby
testing the proximity principle, which assumes increases in residential property prices as
distance to UGSs decrease [45]. The principle has generally been confirmed in much of the
Global North (for example Immergluck and Balan [46]; Daams et al. [47]), demonstrating
that the market may value adjacency to UGSs, translating directly to increased municipal
tax revenue. Conversely, South African cases (focused mainly on middle-income suburbs
to date) have rejected the premise [48–50], indicating a reluctance to pay more for prop-
erties in proximity to UGSs. The limited research conducted in South Africa, providing
contrasting results in comparison to international findings, in conjunction with the coun-
try’s severe socioeconomic and UGS inequality (see Section 1.1), provide opportunities for
further investigation.

In consideration of the points raised, this paper aims to test the proximity principle in
the South African case study of Potchefstroom along a socioeconomic gradient, including
neighborhoods in low-income townships, middle-income suburbs and an exclusive high-
income gated community. This paper is the first, to the knowledge of the authors, to
apply the proximity principle along a socioeconomic gradient in the Global South with
the aim of delivering preliminary findings on the economic value attached to UGSs within
differentiated socioeconomic contexts. This study employs hedonic price analysis and the
proximity principle (see Section 3) to test the hypothesis that the economic value of UGSs
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may vary amongst low-income, middle-income and high-income areas in a South African
case study. Results may help justify increased resource allocation and prioritization to
inform tailored approaches to UGS development and management appropriate to each
socioeconomic level.

1.1. Turning to the Global South: South Africa in Focus

Within the Global South, South Africa presents particularly fertile research potential
owing to three features. Firstly, although research on multiple facets related to UGSs
has predominantly focused on the Global North [51], neglecting sub-Saharan Africa in
particular [34], South Africa has been especially well represented in scholarship [52], and the
country provides a relatively rich literature base on urban ecology to inform future research.
Secondly, South Africa provides an obverse case to conventions in the Global North, with
racial minorities (of European descent) generally presenting as the wealthiest group in the
country in contrast with the poorer Black majority, as a result of past institutionalized racial
discrimination under colonialism and apartheid [8]. Thirdly, apartheid and its restrictions
on Black urbanization resulted in suppressed levels of internal migration to urban centers
by the majority of citizens for many decades. The fall of apartheid led to rapid urbanization,
as those previously restricted then migrated to cities [10], resulting in immense service
delivery challenges, while also often stressing existing UGSs. South Africa has continued to
struggle with the legacies of its racially segregated development history [53] and remains
one of the most unequal societies in the world [54], with disparities between groups of
varying SES perhaps being more pronounced than anywhere else in the world.

The scars of the past are represented spatially and environmentally across the city-
scape. Older leafy suburbs with low population densities, many modelled around the
ideals of the “Garden City” [55], and new gated communities that increasingly boast eco-
development credentials [56], are mostly inhabited by White residents and, increasingly,
Black higher income earners as well [10]. These green enclaves contrast starkly against
the apartheid era townships and new subsidized mega housing projects developed for
lower-income beneficiaries [57,58] that have higher population densities and limited, un-
derdeveloped and poorly maintained UGSs [10]. Within the context of socioeconomic
inequality, a significant housing backlog, blooming informal settlement sectors and the
failure to deliver basic services, UGSs have been considered luxury amenities [8,38,59].
As such, the quantity and quality of UGSs vary significantly along the socioeconomic
gradient [49,57], in keeping with international precedents. For example, in a case study of
nine South African towns in the Eastern Cape province, McConnachie and Shackleton [10]
found that newer subsidized housing projects delivered five times less green area per capita
than apartheid-era townships, and up to 15 times less than more affluent, older suburbs.
These results were significant considering that, proportionally speaking, higher-income
suburbs presented public UGS provisions comparable in size to more densely populated
apartheid-era townships. Despite the subsidized housing projects being more recently
developed, and in contradiction of the state’s policy support for more sustainable and just
outcomes and prescriptions on UGS standards [8], these developments have continued
to deliver relatively poor public UGS provisions. In addition, the wealth and racial dis-
parities between older townships and new subsidized housing projects were proven to be
negligible in comparison with the vast differences these areas presented in comparison to
more affluent suburbs [10]. Results were corroborated by Venter et al. at the national scale,
presenting that public and private UGSs were “abundant, accessible, greener and more
treed in high-income areas with predominantly White residents relative to low-income
areas” [8]. More affluent suburbs presented incomes six times higher on average, with
11.7% more tree cover and 8.9% higher vegetation cover compared to areas accommodating
predominantly Black, Indian and Colored citizens (an accepted term in South Africa) [8].

Despite inequities in the provision of and access to UGS along the socioeconomic gradi-
ent, international [60,61], African [34] and South African studies [33,62] have continuously
shown local communities to appreciate and acknowledge the benefits and value of UGSs.
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As discussed in Section 2.1 below, UGSs may constitute critical components of the urban
fabric that deliver vital services and environmental, social and economic benefits. It is
often much simpler to identify environmental and social benefits [44] in contrast with more
obscure economic compensations [63] that may remain unclear and underestimated [64]
amongst UGS users and even decision makers. Ignorance, misconceptions and pressures
exerted by the challenges highlighted above often result in those in power prioritizing land
uses with a more explicit monetary value or political cachet over UGSs [48]. Prescriptive
targets on UGS quantity and spacing, often aimed at promoting equal access, may in fact
further undermine [19] the actions needed to institute more equitable provisions while
considering varying socioeconomic contexts [18].

In keeping with the aim of this paper, the next section discusses core concepts, starting
with UGS framed within the paradigms of green infrastructure and ecosystem services
and disservices. This is followed by Section 2.3, presenting a more detailed exploration
of economic valuation methods, focusing on hedonic price analysis and the proximity
principle, with an emphasis on South African examples. Section 3 explains the methodology
followed in testing the proximity principle in the case study of Potchefstroom, followed by
the presentation and discussion of the results. Concluding remarks and recommendations
close the paper.

2. Literature Review

2.1. Urban Green Spaces and Green Infrastructure

UGS is a widely applied and interpreted concept used in reference to a variety of green
spaces of varying scales and functions in the urban environment. These may include both
natural or anthropogenically developed, formal or informal green spaces that accommodate
or compliment a variety of land uses and services [65,66]. It falls beyond the scope of
this paper to provide a detailed discussion of the various UGS typologies and examples
presented in the literature, but van Zyl et al. [67] provide an apt synopsis tailored to the
South African context.

UGSs are increasingly framed as elements of green infrastructure, especially when
these spaces accommodate grey-green elements that combine vegetation with engineered
technical structures or grey infrastructure [68]. The green infrastructure approach provides
a useful lens for this discussion of UGSs, owing to its recognition of several services,
benefits and disadvantages potentially levied by such spaces [65]. Green infrastructure,
included under the broader banner of “nature-based solutions” [69], is not yet served by an
all-encompassing and broadly agreed-upon definition [8,70,71]. The concept is often also
supplemented by the term blue-green infrastructure, in recognition of the services provided
by water bodies and wetlands when part of a network of UGSs [72]. This paper draws
on various established definitions, incorporating elements of blue-green infrastructure, to
describe green infrastructure as an interconnected, multifunctional network comprised of
links and nodes constituted by natural, semi-natural and artificial blue and green spaces and
systems that deliver benefits known as ecosystem services [51,67,73]. The term ecosystem
services has evaded a general definition [74], but is defined in this paper as the benefits
all living species (humans in particular) derive, directly or indirectly, from the capacity
of ecosystems to deliver goods and services that satisfy their needs [75,76]. Ecosystem
services may be classified as provisioning, regulating, cultural and habitat or supporting
services [77,78], which are regarded as direct benefits. This is captured in Table 1, which
also presents examples mainly from sub-Saharan Africa.
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Table 1. Main classes of ecosystem services provided by urban green infrastructure, their definitions
and some examples from sub-Saharan Africa.

Ecosystem Service Category Definition Examples

Provisioning ecosystem services

The capability of natural or
semi-natural UGSs to contribute

physical products, materials or goods
consumed directly by humans.

Cultivated and wild food, water, raw
materials such as wood and fuel or those for
construction work and arts, crafts and tools,

as well as for medicinal uses [79–82].

Regulating ecosystem services
The regulation and mitigation of

various processes.

Regulating the climate; the removal of
pollutants by air and water filtration; water
storage, filtration, and drainage; protection

from disasters such as landslides and storms;
seed dispersal and pollination; and providing
pest and human disease regulation [83–88].

Cultural ecosystem services
The non-material benefits humans
obtain from ecosystems that meet

cultural or spiritual needs.

Recreation; aesthetic appreciation and
reflection; physical and psychological health,

educational values, social interaction and
social cohesion; spiritual and religious
experiences; and sense of place [89–92].

Habitat/supporting ecosystem services
Necessary to facilitate the fulfilment

of all other ecosystem services.
Providing habitats to encourage biodiversity
and maintenance of genetic diversity [93,94].

Other literature sources used for all the categories: Cilliers et al. [57,95]; du Toit et al. [52]; and TEEB [96].

Economic contributions are regarded as indirect benefits owing to the potential income
and savings generated in relation to the four categories of ecosystem services discussed
above [63]. An important additional economic benefit relates to the potential for increased
property values as a result of proximity or access to UGSs [49] (see Section 2.3 below),
reflecting a demand for UGSs and their associated ecosystem services [57]. SES may
influence demand for ecosystem services by dictating human needs and activities, and
thus influence how UGSs are used and what is expected of them, as well as how the
provision of an ecosystem service affects wellbeing, for example, through physical or
psychological health [18]. It follows that a holistic view of ecosystem services is required
that also considers less-positive impacts, or ecosystem disservices.

2.2. Considering Ecosystem Disservices

The direct benefits derived from ecosystem services are countered by “functions of
ecosystems that are perceived as negative for human wellbeing” [35], termed ecosystem
disservices [97]. Although no universal definition or typology has been devised, several
categories of ecosystem disservices have been identified. Four general classifications that
are globally applicable are captured in Table 2, as there have been limited studies focusing
on ecosystem disservices in sub-Saharan Africa.

Table 2. Different categories of ecosystem disservices provided by green infrastructure, their origin
and some examples.

Ecosystem Disservice Category Ecosystem Origin Examples

Environmental/Ecological
Biotic Invasive species outcompete indigenous species; Changes in species

interactions and species populations.

Abiotic Changes in environmental variables of species in terms of soil and
climate; Maintenance and management expenditure;

Economic/Financial

Biotic Damage to infrastructure (property, cables, sidewalks, roads) caused
by vegetation and tree roots; Pest-disease control.

Abiotic
Drought; Wildfires; Siltation; Leaching of nutrients; Pruning and
planting (maintenance costs); Foregone land-use opportunities;

Decreased property values.
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Table 2. Cont.

Ecosystem Disservice Category Ecosystem Origin Examples

Health (Physical, Mental, Safety)

Biotic

Human diseases from pathogens; Negative health impacts due to
volatile organic compounds (VOC’s) and pollen; Poisonous plants
and pests/venomous animals; Allergens; Disease vectors; Safety

hazards due to tree falls and lack of maintenance.

Abiotic
Security concerns (crime); Anxiety; Discomfort; Floods; Storms;

Landslides; Changes in air quality due to the production of VOC’s;
Decreased property values.

Cultural (Aesthetic and Cultural)

Biotic

Bird excrement on stonework and sculptures; Damage to
infrastructure (sidewalks/paving); Littering and dumping of waste;

Unpleasant odors from rotting organic matter; Aesthetically
unpleasing; High noise levels; Decreased property values.

Abiotic
Soil erosion; Landslides; Exposure to the elements (winds) makes it

an unpleasant experience; Blocked views; Obstruction of traffic
infrastructure.

Source: Own composition, based on Lategan and Cilliers [62]; Cilliers et al. [57]; Lyytimäki and Sipilä [35];
Lyytimäki [98]; Gómez-Baggethun et al. [99]; von Dohren and Haas [100]; Shackleton et al. [101]; Davoren and
Shackleton [97].

Ecosystem disservices may (i) occur at different spatial and temporal scales and (ii)
require certain threshold conditions to be met, often interacting with other disservices,
leading to cumulative negative effects [101]. These may be context-specific and vary from
one socioeconomic group to another, with the poor and more vulnerable often being
disproportionately affected [101]. It is critical that a balanced approach is followed and that
ecosystem disservices are thoroughly considered when attempting to plan for UGSs [18]. It
must be noted that whilst certain scholars, for example, Shackleton et al. [101], explicitly
exclude impacts such as littering and crime from ecosystem disserves as they are not the
direct outcome of an ecosystem process, these are included in Table 2, in recognition of the
broad perspective required when evaluating and valuing UGSs and their associated effects.
Such impacts have also been recognized by others, for example, Lyytimäki and Sipilä [35]
and von Dohren and Haas [100]. Negative impacts related to the lack of a dedicated
function or amenities, poor maintenance, nuisance and crime, as is often exhibited by
public UGSs in South Africa [50], may sway public sentiment and affect the willingness of
the market to pay for close proximity to certain UGSs [99]. Such impacts, together with
the availability and size of private UGSs such as domestic gardens, may also result in a
preference for green views and not necessarily for immediate proximity or access to public
UGSs [102,103].

Accounting for both ecosystem services and disservices is crucial if the net benefits
UGSs deliver in cities are to be demonstrated [104]. In light of the importance of demonstrat-
ing the obscure economic value of UGSs and the complex interrelationship between ecosys-
tem services and disservices, several economic valuation methods have been applied. These
include the stated preference approach, revealed preference approach, avoided cost, re-
placement cost, travel cost, contingent valuation and hedonic price analysis [57,99,105,106].
Hedonic price analysis is highlighted for its broad application internationally and in South
Africa [50].

2.3. Hedonic Price Analysis and the Proximity Principle

Hedonic price analysis generally breaks down the price of an observed good into
discrete marginal prices linked to separate characteristics, whilst also considering consumer
choice [107,108]. Hedonic price analysis has been employed in the valuation of UGSs by
investigating residential property prices to identify and quantify various factors that may
exert an influence on property values, without considering the interactions between these
factors [47,48,107,109]. The relative distance to UGSs has been particularly widely em-
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ployed as a factor, translated via the proximity principle. As stated in the introduction, the
proximity principle posits that property prices will increase as distance to UGSs decreases,
thereby determining the value of amenities such as UGSs via the value of surrounding resi-
dential properties, taken as representative of consumers’ willingness to pay for proximity to
UGSs and their associated benefits [47,49]. Increased residential property values translate
to increased residential property taxes for municipalities, which may present economic
returns to account for public expenditures on the development and maintenance of these
spaces [48,110].

Several studies have attempted to investigate the impacts of UGSs on residential
property values, with the most focused-on case studies being located in the Global North.
In general, the results have supported the proximity principle to varying degrees [50].
General trends seem to confirm the proximity principle where certain conditions are
satisfied, for example, when residential properties have fairly direct access to a UGS or
enjoy views of it; certain active or passive uses are accommodated; UGSs are perceived
as safe and well-maintained public spaces; and surrounding residential properties are
smaller in area, for example, by accommodating higher-density dwelling units or where
socioeconomic conditions result in smaller or less developed domestic gardens [110–112].

In consideration of the literature reviewed above, the next section discusses the
methodology employed in this research, before results are disclosed and discussed.

3. Materials and Methods

This paper relied on a quantitative research approach, based on an investigation of
a South African case study in Potchefstroom, to analyze residential property values in
relation to UGS proximity (relative distance from a UGS) within three areas reflecting
characteristics of varying SESs. The following section discusses the choice of Potchefstroom
as the case study area and elaborates on the steps followed in analyzing property values in
the three areas of differentiated SES.

3.1. Study Area

Potchefstroom (26◦42′3′′ S 27◦05′49′′ E), located in South Africa’s North West province
and within the JB Marks Local Municipality (see Figure 1), was selected as the case study
area, as the town has previously been the focus of preliminary research on the proximity
principle and UGSs [48–50], offering established methods and data for longitudinal com-
parison. This paper drew primarily on the research conducted by Cilliers and Cillliers [48],
returning to the areas investigated, refining the methodology employed with updated data
and expanding on the approach through a broader geographic and socioeconomic focus.

Cilliers and Cilliers [48] employed hedonic price analysis and investigated the proxim-
ity principle in relation to a local UGS in five middle-income neighborhoods in Potchef-
stroom, using as variables municipal valuations of properties surrounding a UGS in Grim-
beek Park, van der Hoff Park, Potchefstroom Dam, Heilige Akker and Oewersig (for
more detail on neighborhood characteristics and the UGS included in each sample, see
Section 3.2). Cilliers and Cilliers [48] identified sample properties in each neighborhood
depending on their relative distance to a specific UGS, and classified these into three zones
depending on their proximity to the UGS in question. Properties in zone 1 bordered the
UGS; those in zone 2 were further away from the UGS, mostly located across the street
or one property away from those in zone 1; and those in zone 3 were further away from
the UGS than those in zone 2. Figure 2 illustrates an example of a UGS and the properties
included in each zone, selected based on their relative distance from the UGS as determined
by Cilliers and Cilliers [48].
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Figure 1. Maps of the study area showing South Africa (A); The North-West province (NW) (B); and
the JB marks Local Municipliaty (C) within which Potchefstroom is located, as well as the location of
neighborhoods within each SES Category in Potchefstroom. Blue: Category A sample (SES 1); Red:
Category B (SES 4) sample; Green: Category C (SES 5) sample. Source: Own construction (2022) by
M.J. du Toit.

Figure 2. The Heilige Akker neighborhood as an example of Category B (SES 4), with sample
properties in three zones of relative distance from a specific UGS. Source: Own construction (2022)
based on Cilliers and Cilliers [48] by M.J. du Toit (2022).
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Cilliers and Cilliers [48] employed 2013 municipal valuations to arrive at a mean
South African rand price per square meter value (R/m2) for each property included in the
sample. Each zone in each neighborhood was then assigned a mean R/m2, employed as a
variable in statistical analyses to compare zones. In general terms, the findings indicated
that properties in zone 1 presented lower average valuations than those further away from
a UGS, leading Cilliers and Cilliers [48] to reject the proximity principle in the case of
middle-income neighborhoods in Potchefstroom. In 2020, Combrinck et al. [49] returned
to the Potchefstroom case study to replicate the study in the same middle-income sample
using the latest municipal valuations released in 2019. Again, the results presented by
Combrinck et al. [49] rejected the proximity principle. The validation of previous results
led to two main questions: firstly, whether the rejection of the proximity principle in the
Potchefstroom case study, in comparison with most international findings (see Section 2.3),
could be explained by the use of municipal valuations as variables, in contrast with most
other studies that have employed market values? Lategan et al. [50] addressed this issue,
returning to Cilliers and Cilliers’ [48] case study, but employing estimated market values
as variables in their analysis. Again, the results generally rejected the proximity principle.
The second question related to the impact of a socioeconomic gradient on the confirmation
or rejection of the proximity principle, or in other words, whether the proximity principle
would also be rejected in low- and high-income samples in Potchefstroom. This question is
considered particularly important given the spatial legacy of South Africa’s colonial and
apartheid history and the inequitable distribution and quality of UGSs discussed previously
(see Section 1.1).

Potchefstroom is characterized by an unequal and typically fragmented apartheid-city
layout, presenting a steep socioeconomic gradient [57]. The wealthy are located in green
suburbs and gated communities, and the previously disadvantaged are still accommodated
in peripheral townships that often provide lower-quality housing and access to services and
amenities, including UGSs [113]. Lubbe [113] examined the distribution of domestic garden
flora across a socioeconomic gradient in Potchefstroom, demarcated according to five SES
categories based on employment, household size, access to basic services, number of rooms
in dwellings and schooling. These included SES levels 1 to 3 (low-income), SES level 4
(middle income), and SES level 5 (high-income). The results showed that the higher the SES
level, the greater the access to higher-quality public and private UGSs, the more species
rich the environment and the higher the vegetation and tree cover [57,113], in keeping with
international precedents (also see Figure 3).

Figure 3. Aerial views of sections of Category A (SES 1), B (SES 4) and C (SES 5) neighborhoods.
Source: Own construction (2022) by M.J. du Toit.
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3.2. Identification of Samples

This paper replicated the approach followed by Cilliers and Cilliers [48], but like
Combrinck et al. [49], employed 2019 municipal valuations to investigate the proximity
principle using three zones of proximity to a UGS in three distinct areas of Potchefstroom
differentiated by level of SES. This included properties surrounding a single UGS in five
lower-income neighborhoods (SES 1), from here on referred to as the Category A sample
(Ikageng Extension 7; Mohadin; Ikageng Extension 4; Ikageng Area 2; and Ikageng Area 3);
the same five middle-income neighborhoods (SES 4) examined by Cilliers and Cilliers [48],
from here on referred to as the Category B sample (Grimbeek Park; van der Hoff Park;
Potchefstroom Dam; Heilige Akker; and Oewersig); and a higher-income sample (SES 5),
from here on referred to as the Category C sample (Tuscany Ridge Estate) (see Figure 1).
As noted in Table 3, the number of properties included in each sample varied as a result of
neighborhood layout and size or the availability of municipal valuation data.

Table 3. SES Category neighborhoods and descriptive details.

Sample Neighborhoods
Zoning and Size

for Each UGS
Characteristics/Land

Use for Each UGS

Number of
Residential

Properties Included

Property Size

Range (m2)

Category A

Mohadin Public open space Bordering a communal
urban park 40 500–800

Ikageng Extension 7 Public open space
Bordering vacant land

connected to the
Poortjies Dam.

72 200–500

Ikageng Extension 4 Public open space
Bordering vacant land

with informal
squatters.

37 200–500

Ikageng Area 2 Private open space Located opposite a
sporting field. 36 200–500

Ikageng Area 3 Private open space Bordering vacant land. 36 200–500

Category B

Grimbeek Park Public and private
open space

Golf course and areas
used for birdwatching
and horseback riding.

41 1000–2000

Van der Hoff Park Public open space Wetland with limited
tree cover. 43 1000–2000

Potchefstroom Dam Public open space
Potchefstroom Dam
and Mooirivier with

dense vegetation.
27 1000–2000

Heilige Akker Educational
UGS with limited

vegetation and tree
cover.

36 1000–2000

Oewersig Public open space
Mooirivier with dense

vegetation and tree
cover.

41 1000–2000

Category C Tuscany Ridge Private open space

UGS with moderate
tree and vegetation

cover, with
well-maintained lawns

and water bodies.

72 700–2000

Table 3 provides details regarding each neighborhood included under each SES cat-
egory, presenting zoning, each UGS’s characteristics and uses, the number of properties
included in each sample and average property size ranges to inform the discussion.

In further support of Figures 1 and 2 and Table 3, Figure 3 provides an overview
of general neighborhood characteristics for each included category area. Note the stark
contrasts in density and vegetation cover between Category A and Categories B and C.

Whereas the Category A and Category B areas contained five neighborhood sam-
ples each, certain limitations in the context of Potchefstroom, and its high-income gated
communities specifically, limited the number of feasible samples within the Category C
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classification. These included the limited number of high-income gated communities in the
town; the lack of large communal green spaces in other options, in favor of large private
gardens; the relatively young age of other options in comparison with Tuscany Ridge and its
mature public green spaces; challenges related to the layout of other options, complicating
the selection of residential properties surrounding communal greens in zones of comparable
distance; and the proliferation of townhouses and clusters rather than detached dwellings
in other options. Single-case studies are commonly applied and are regarded as particularly
useful experimental designs in a variety of situations, for example, when researchers have
limited resources, conditions present low incidences or when examining the effects of novel
or expensive interventions [114]. However, the inclusion of only one sample in Category C
is still acknowledged as a limitation of this research, providing limited representation of
high-income demographics and their associated UGSs in Potchefstroom. Results obtained
from Category C are thus only interpreted in an exploratory manner.

Following the identification of sample properties and the calculation of mean R/m2

values, statistical tests were conducted. This paper employed two-way analysis of variance
(ANOVA) using Categories A, B and C and the three zones of relative distance to a UGS as
factors. For the two-way ANOVA, an effect size of ≈0.2 indicates a small, not practically
significant difference; an effect size of ≈0.5, a medium, practically visible difference; and an
effect size of ≈0.8, a large, practically significant difference. Post-hoc tests based on Tukey’s
B were conducted to make pairwise comparisons between groups (category and zone).
As a convenience sample was used, p-values were included for the sake of completeness
and to add further credence, but were not interpreted. The following section reports and
discusses the results obtained from the analysis of municipal valuations in relation to UGS
proximity in each SES category.

4. Results and Discussion

The results of the quantitative analysis are provided below, summarizing the data and
outcomes of the statistical tests, followed by a discussion that highlights certain findings
regarding the proximity principle in the context of each UGS, aided by anecdotal evidence
from observations and spatial analyses. Table 4 below provides an overview of each
neighborhood included in each category area, the number of properties included, the mean
R/m2 municipal valuations retrieved for each zone and which zone presented the highest,
middle and lowest mean R/m2 in each neighborhood.

Table 4. Summary of individual neighborhoods and three zones of relative distance from a UGS per
category area.

Sample Neighborhoods Zone N Mean R/m2 Highest, Middle or

Lowest Zone (Mean R/m2)

Category A

Ikageng Extension 7
1 24 526.52 Lowest

2 24 635.96 Highest

3 24 588.89 Middle

Mohadin

1 13 969.21 Highest

2 15 815.99 Middle

3 13 765.87 Lowest

Ikageng Extension 4
1 12 1099.52 Highest

2 12 824.62 Middle

3 13 599.57 Lowest

Ikageng Area 2
1 12 973.41 Highest

2 12 833.98 Middle

3 12 758.63 Lowest

Ikageng Area 3
1 12 898.65 Lowest

2 12 1083.30 Highest

3 12 1080.96 Middle

288



Land 2022, 11, 413

Table 4. Cont.

Sample Neighborhoods Zone N Mean R/m2 Highest, Middle or

Lowest Zone (Mean R/m2)

Category B

Grimbeek Park

1 14 1260.70 Lowest

2 14 1611.67 Middle

3 13 1699.25 Highest

Van der Hoff Park

1 15 1290.59 Lowest

2 15 1472.43 Middle

3 13 1624.30 Highest

Potchefstroom Dam

1 9 1116.44 Lowest

2 9 1303.45 Middle

3 9 1448.64 Highest

Heilige Akker
1 10 1751.96 Lowest

2 12 1904.15 Highest

3 14 1850.28 Middle

Oewersig
1 14 1668.44 Middle

2 14 1852.15 Highest

3 13 1549.20 Lowest

Category C Tuscany Ridge Estate
1 24 3915.46 Highest

2 24 3612.63 Middle

3 24 3058.63 Lowest

Table 5 follows from Table 4, and presents the mean R/m2 values for each zone per
category area, used as the dependent variable in two-way ANOVA testing to determine the
relationship between different zones in each category area.

Table 5. Two-way ANOVA based on mean R/m2 identified for each zone in each category sample
using three zones in each category area as factors.

Dependent Variable R/m2 Effect Sizes

Category Zone Mean Std. Deviation N 1 with 2 with

A

1 834.1791 519.47186 73

2 805.4081 411.62278 75 0.06

3 729.1787 378.35255 74 0.20 0.19

Total 789.4590 440.33770 222

B

1 1418.2978 389.71718 62

2 1643.1354 382.48991 64 0.58

3 1649.7992 424.23869 62 0.55 0.02

Total 1571.1845 411.23169 188

C

1 3915.4593 1018.23754 24

2 3612.6349 444.37633 24 0.30

3 3058.6274 610.12136 24 0.84 0.91

Total 3528.9072 805.02298 72

Total

1 1527.0475 1193.93740 159

2 1547.6657 1026.01751 163

3 1435.3364 914.53858 160

Total 1503.5766 1049.60171 482
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In Table 6, the p-values (significance) indicate that the interaction effect between
category and zone is statistically significant, seeing that the reported value of <0.000 is
below the guideline value of <0.05.

Table 6. Test of between-subject effects.

Dependent Variable R/m2

Source Type III Sum of Squares df Mean Square F Sig.

Corrected Model 421,072,689.835 a 8 52,634,086.229 228.765 0.000
Intercept 1,462,376,992.023 1 1,462,376,992.023 6355.965 0.000
Category 409,338,084.457 2 204,669,042.228 889.558 0.000

Zone 4,365,404,467 2 2,182,702,234 9487 0.000
Category * Zone 10,487,761,981 4 2,621,940,495 11.396 0.000

Error 108,827,577,814 473 230,079,446
Total 1,619,578,126,813 482

Corrected Total 529,900,267,649 481
a R Squared = 0.795 (Adjusted R Squared = 0.791).

The results of post-hoc testing using Tukey’s B are reported below, first by category
(Table 7) and then by zone (Table 8).

Table 7. Tukey’s B with homogenous subsets: category.

R/m2

Tukey’s B a,b,c

Category
N

Subset
1 2 3

A 222 789.4590
B 188 1571.1845
C 72 3528.9072

Means for groups in homogeneous subsets are displayed. Based on observed means. The error term is Mean
Square(Error) = 230,079.446. a. Uses Harmonic Mean Sample Size = 126.515. b. The group sizes are unequal. The
harmonic mean of the group sizes is used. Type I error levels are not guaranteed. c. Alpha = 0.05.

Table 8. Tukey’s B with homogenous subsets: zone.

R/m2

Tukey B a,b,c

Zone
N

Subset

1

3 160 1435,3364

1 159 1527,0475

2 163 1547,6657
Means for groups in homogeneous subsets are displayed. Based on observed means. The error term is Mean
Square(Error) = 230,079.446. a. Uses Harmonic Mean Sample Size = 160.649. b. The group sizes are unequal. The
harmonic mean of the group sizes is used. Type I error levels are not guaranteed. c. Alpha = 0.05.

Whilst the two-way ANOVA (Tables 5 and 6) showed significant differences between
the zones in each category, from Tables 7 and 8 it is apparent that differences were found
between all categories, whilst zones presented no differences from one to another.

In illustrating the interaction between categories and zones, Chart 1 below provides a
graphic representation of the results for ease of reference.

The results captured in Chart 1 present a simplified view of the data, illustrating
that in Category A, mean R/m2 values decreased further away from a UGS; in Category
B, mean R/m2 values increased further away from a UGS; whilst in Category C, mean
R/m2 values decreased as distance from a UGS increased. These observations facilitate
deliberation for a verdict on the proximity principle in each category area, as discussed in
more detail below.
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Chart 1. Graphical representation of findings.

4.1. Findings on the Confirmation or Rejection of the Proximity Principle in Category A (Low SES)

As shown in Table 4, the results for Category A indicated that zone 1 (closest to a UGS)
presented the highest mean R/m2 value in three of the five residential areas (Mohadin,
Ikageng Extension 4 and Ikageng Area 2) compared to zones 2 and 3 (further away from a
UGS). The Mohadin sample presented a mean value of R969.21/m2 in zone 1, compared
to R815.99/m2 (18,8%) in zone 2 and R765,87/m2 (12.6%) in zone 3. Likewise, Ikageng
Extension 4 presented a mean value of R1099.52/m2 in zone 1, compared to R824.62/m2

in zone 2 (33.35%) and R599.57/m2 in zone 3 (83.52%). Ikageng Area 2 reflected the same
trends with a mean value of R973.41/m2 in zone 1, compared to R833.98/m2 in zone 2
(16.7%) and R758.63/m2 in zone 3 (28.3%), confirming the proximity principle. Zone 1
presented the lowest R/m2 value in two of the five residential areas (Ikageng Extension 7
and Ikageng Area 3), contradicting the premise of the proximity principle. In Ikageng
Extension 7, zone 1 presented a mean value of R526.52/m2, compared to R635.95/m2

(20.8%) and R588.89/m2 in zone 3 (11.8%). In Ikageng Area 3, zone 1 delivered a mean
value of R898.65/m2, in comparison with R1083.30/m2 in zone 2 (20.5%) and R1080.96 in
zone 3 (20.3%). The result of the two-way ANOVA test indicated small effect sizes (d ≤ 0.20)
or practically insignificant differences between the mean R/m2 values for zone 1, zone 2
and zone 3 in Category A, confirming small differences between the mean R/m2 values
presented (Table 5). The results translated to a general confirmation of the proximity
principle in the Category A sample (Chart 1).

As shown in Table 4, the proximity principle was confirmed in samples in Mohadin,
Ikageng Extension 4 and Ikageng Area 2. The UGS in Mohadin was constituted by a vacant
and relatively barren land parcel with a low vegetation cover and no trees, providing
limited regulating and supporting ecosystem services, but no provisioning services. The
space did present ample room for the realization of cultural ecosystem services, facilitating
recreation and social interaction in a quiet environment. These benefits could overshadow
other, more negative considerations such as ecosystem disservices, including diminished
aesthetic appeal, translating to a willingness to pay for proximity to the UGS. In Ikageng
Extension 4, the confirmation of the proximity principle could be attributed to a relatively
visually attractive UGS that provided good access to a more park-like setting populated by
a number of trees, whilst still providing some open space for recreation and play (cultural
ecosystem services). However, a site visit revealed the presence of newly erected informal
dwellings, which feasibly produce ecosystem disservices in terms of the loss of aesthetic
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appeal and the emergence of additional security issues, with the potential to negatively
affect more up-to-date property valuations. In comparison with the other neighborhoods
included under the Category A sample, the UGS in Ikageng Area 2 seemingly delivered
the highest amenity value, specifically in terms of various cultural ecosystem services. The
space provided a link to a sporting facility located close by and delivered opportunities
for recreation and social gatherings in a quiet and relatively well-maintained, aesthetically
pleasing environment, in comparison with the surrounding area. This was reflected in the
higher municipal valuations for residential properties located closer to it. The results in
Ikageng Extension 7 rejected the proximity principle; however, the highest mean R/m2

value was identified in zone 2, indicating that closer proximity, but not adjacency, to the
UGS was still preferred by the market. On closer inspection, the UGS in question, comprised
of vacant land, appeared to provide a quiet environment with adequate open space for
recreation and social gatherings, as well as a relative aesthetic appeal contributed by
moderate vegetation cover. Vegetation also provided regulating and supporting ecosystem
services. However, the UGS’s location, linking it to a densely vegetated area with high
tree cover surrounding the Poortjies Dam and the potential to harbor criminal activity
and vagrants on its periphery (as reported elsewhere by Davoren and Shackleton [97]
and Lategan et al. [50]), in conjunction with the potential for disturbances from social
gatherings and children at play (ecosystem disservices), could be cited to explain the
proximity principle’s rejection. Although this area offered regulating services in terms of
climate regulation and the removal of pollutants, and supporting services such as high
native biodiversity, these benefits are potentially not recognized by all residents.

The results in Ikageng Area 3 merit closer inspection in that, although the proximity
principle was rejected, the difference between zone 2 and zone 3 was marginal (0.22%),
thus insinuating that increased distance from the UGS did not result in significant increases
in mean R/m2 values. The UGS in Ikageng Area 3 was of a relatively small size, had
sparse vegetation cover (therefore presenting low levels of regulating and supporting
ecosystems services) and was poorly maintained, thus decreasing its aesthetic appeal
(cultural ecosystem service). It was also located adjacent to a very busy road, further
limiting its attraction power and use in terms of other cultural ecosystem services, and
feasibly accounting for the negative impact on immediately adjacent property values.
Interpretations based on ecosystem services, for example, a lack of aesthetic appeal, to
account for the rejection of the proximity principle are highly subjective, and studies of
such impacts conducted in the Global South have been limited [97]. Studies in sub-Saharan
Africa have indicated that aesthetic values in such contexts may be linked to perceptions
regarding urban trees, with more focus often placed on negative features such as thorns,
poisons and allergic reactions [115].

4.2. Findings on the Confirmation or Rejection of the Proximity Principle in Category B
(Medium SES)

For Category B, the mean R/m2 in four of the five residential areas (Grimbeek Park,
Van der Hoff Park, Potchefstroom Dam and Heilige Akker) indicated that zone 1 presented
the lowest value in mean R/m2 compared to zone 2 and zone 3. As illustrated by Table 4,
zone 1 in Grimbeek Park presented a value of R1260.70/m2, compared to a higher value
of R1611.67/m2 in zone 2 (27.8%) and R1699.25/m2 in zone 3 (34.8%). In Van der Hoff
Park, the same trends were presented, with a value of R1290.59/m2 in zone 1, R1472.43/m2

in zone 2 and the highest value, R1624.30/m2, in zone 3. Zone 1 to zone 2 presented a
difference of 14%; zone 2 to zone 3, a difference of 10.3%; and zone 1 to zone 3, a difference
of 25.9%. In the Potchefstroom Dam sample, zone 1 presented a value of R1116.44/m2,
compared to R1303.45/m2 in zone 2 (16.8%) and R1448.64/m2 in zone 3 (29.8%). In Heilige
Akker, zone 1 presented the lowest value of R1751.96/m2, but zone 2 presented the highest
value of R1904.15/m2, followed by the second-highest value of R1850.28/m2 in zone 3.
Thus, zone 1, located closest to the UGS, presented the lowest mean R/m2 value, 8.7%
lower than zone 2 and 5.6% lower than zone 3, in opposition to the proximity principle. In
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Oewersig, zone 1 presented a mean value of R1668.44/m2, 11% lower than the R1852.15/m2

in zone 2 and 7.7% lower than the R1549.20/m2 in zone 3. The results of the two-way
ANOVA test presented medium effects or practically visible differences (d = 0.58 and 0.55)
between zone 1 and the zones further away from the UGS (Table 5), where zone 1’s mean
R/m2 value was lower than that of the other two zones (1418.2978 vs. 1643.1354 and
1649.7992). In totality, these results lead to a general rejection of the proximity principle
in Category B, as also presented by Cilliers and Cilliers [48] and Combrinck et al. [49]
(also see Chart 1).

Despite a rejection of the proximity principle, the majority of the UGSs included under
this SES category were of a much higher quality in terms of vegetation and tree cover,
amenities and general maintenance compared to those in Category A. The UGS in Grim-
beek Park accommodated a golf course and areas for horseback riding and birdwatching,
and thus hosted a range of recreational activities and opportunities for social interaction
(cultural ecosystem services) [48]. The space could also be perceived as aesthetically pleas-
ing and well maintained and managed, as well as housing high levels of biodiversity,
presenting the highest quality UGS in this sample. A relatively low difference in R/m2

values was also identified between zone 2 and zone 3 here (5.43%), signifying the strong
impact of immediate adjacency compared to proximity. In Van der Hoff Park, the sample
UGS bordered the Mooi River and included a biodiverse and species rich wetland [116]
worthy of conservation [117], presenting a quiet environment that could accommodate
recreation and physical activity. Additionally, the urban wetlands provide various regulat-
ing ecosystem services such as water regulation, purification and drainage [118,119] and
high biodiversity (supporting ecosystem services) [117]. However, the location along the
Mooi River, having dense vegetation cover, also provided a potential movement corridor
for vagrants and criminals, creating high security risks for residents living close by [48,97].
Other ecosystem disservices observed for this wetland included decreased aesthetic appeal
during the winter months when annual plants have died down, unpleasant odors due
to polluted water entering through stormwater drains and standing water during the
rainy season, providing breeding ground for mosquitos. The UGS in the Heilige Akker
neighborhood also linked to the Mooi River and presented high biodiversity, but with a
lower tree cover and larger lawn cover [48]. The space provided some opportunities for
recreation and social gathering in a relatively quiet and well-maintained environment [48].
Properties in zone 2 of the sample in Heilige Akker presented peak mean R/m2 values,
demonstrating that immediate adjacency may not have been valued, and that relative
proximity was preferred. This was also the case in the Oewersig sample. The UGSs in
the Oewersig and Potchefstroom Dam neighborhoods were both densely vegetated and
tree covered, accommodating high levels of biodiversity (supporting ecosystems services)
and fulfilling several regulating ecosystem services [48]. However, as elsewhere, this also
generated ecosystem disservices by obscuring surveillance and providing potential hiding
places for intruders. Yet, the Oewersig UGS, in particular, provided important cultural
ecosystem services, as it included a large lawn fit for recreational purposes and presented
significant educational value, owing to a short trail with information boards on bird, reptile
and amphibian biodiversity, which was the outcome of a resident initiative to improve the
area. The rejection of the proximity principle in Category B (Chart 1), despite the relatively
high-quality UGSs included in the sample, which provided several ecosystem services,
could be ascribed to some of the ecosystem disservices noted, in conjunction with the
generally large and lush private gardens available to home owners in these neighborhoods
which fulfil their basic recreational needs [110,112].

4.3. Preliminary Findings on the Confirmation or Rejection of the Proximity Principle in Category
C (High SES)

As seen in Table 4, mean R/m2 values in the Tuscany Ridge Estate indicated that
zone 1 presented the highest value in mean R/m2 compared to zone 2 and zone 3. Zone 1,
featuring properties bordering a UGS, presented the highest value of R3915.46/m2, zone 2
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presented the second-highest value of R3612.63/m2 and zone 3 presented the lowest value
of R3058.63/m2. Zone 1 to zone 2 presented a difference of 8.4%; zone 2 to zone 3, a
difference of 18.1%; and zone 1 to zone 3, a difference of 28%. For category C, large effect
sizes or practically significant differences (d = 0.84 and 0.91) were reported between zone 1
and the other two zones’ mean R/m2 values (Table 5). This time around, zone 1’s mean
R/m2 value was higher than that of the other two zones (3915.4593 vs. 3612.6349 and
3058.6274). The results in the Tuscany Ridge Estate sample thus showed that properties in
closer proximity to public green spaces were valued substantially higher than those located
further away.

The well-maintained and aesthetically pleasing UGSs in the high-income Tuscany
Ridge Estate presented moderate tree and vegetation cover, but accommodated high
levels of biodiversity (supporting ecosystem services), including grassland fragments
from the vulnerable Rand Highveld Grassland vegetation type [94]. These spaces also
presented social benefits, as the UGSs encouraged social interaction and recreation in a
safe environment. The UGSs further provided functions as part of sustainable stormwater
management systems. The residential properties included in the sample were larger than
those included under Category A, with some also being smaller and equal in size to those
in Category B. Tuscany Ridge Estate residents could, however, substitute more limited,
private UGSs—in some cases due to smaller stand sizes and, in others, to exceptionally
large dwelling footprints—with high quality public UGSs, where many of the ecosystem
disservices often associated with such spaces in the South African context could be avoided
or effectively managed (see Section 1.1).

5. Conclusions

This research fits under the ever-expanding framework of environmental justice, with
its strong focus on equality in the distribution and quality of environmental resources,
such as UGSs, in relation to socioeconomic differentiations. Within this broad focus, this
paper attempted to relate an economic value to UGSs based on international conventions
on the use of hedonic price analysis and the proximity principle, not with the intention
of monetizing nature or viewing it solely through a capitalist lens [120], but to provide
preliminary evidence of the manner in which UGSs may be valued by the market along a
socioeconomic gradient. This is intended to inform decision making in support of a more
just and greener urban agenda. As presented in Sections 1.1 and 2, improved understanding
of such values is critical in the underrepresented contexts of the Global South, where rapid
urbanization, its accompanying resource depletion and socioeconomic and environmental
inequality demand increased scholarship and understanding. South Africa presents an
interesting microcosm in which such issues are particularly pronounced.

Through the case study of Potchefstroom, this paper provided a novel investigation
of the market’s willingness to pay for proximity to UGS based on the average municipal
valuation/m2 in areas of varied SES, including low (Category A), middle (Category B)
and high (Category C) income areas. Broadly speaking, the results verified the research
hypothesis, demonstrating that the proximity principle was confirmed in low-income
neighborhoods where residential properties were smaller and UGSs were of low to moder-
ate quality, and rejected in middle-income neighborhoods where UGSs were of improved
quality, but the residential properties were larger than in low-income neighborhoods. The
limited sample in the high-income gated community, with its UGSs of outstanding quality
and its number of smaller residential properties compared to Category B neighborhoods,
also showed higher property valuations in proximity to UGSs (see Tables 3 and 4 and
Chart 1). Given the small size of the sample in Category C, a generalized verdict on the
confirmation or rejection of the proximity principle in high-income areas cannot be reached.
However, useful observations may still be made. The results and subsequent discussion
delivered key conclusions and recommendations.
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5.1. Socioeconomic Characteristics and Urban Green Space Functions Impact the Value Attributed
to Them

Firstly, the diverse results within each SES level reconfirmed the discussions presented
in the literature review on the impact of socioeconomic characteristics, as determinants
of context, on the use of and value attributed to UGSs and ecosystem services and disser-
vices [25,26,29,30]. Whilst certain common themes emerged across SES categories, context-
appropriate planning responses are justified and demand consideration in UGS planning.

The potential impact of residential property size, and therefore the area available
for the cultivation and use of domestic green spaces, as well as the probable effects of
crowding and a lack of privacy [58], can be regarded as major influences on the economic
value placed on public UGSs. This was evidenced in both the Category A and C samples,
representing opposite sides of the SES spectrum, where smaller residential property sizes
could be linked to higher property prices when in proximity to UGSs. Thus, this potentially
calls for increased areas for public UGSs where smaller residential properties and increased
population densities are present. Whilst this may be regarded as a foregone and logical
conclusion and recommendation, it opposes the standard practice of prescriptive UGS
targets, which may limit adaptable responses in diverse socioeconomic contexts [18]. In
the South Africa case, this may apply directly to development standards in low-income
and subsidized housing projects where small stand sizes, high population densities and
the incursion of informal backyard structures often threaten domestic UGS access [62].
Public UGSs also require additional consideration regarding the improvement of UGS area
and quality in both completed and new low-income housing developments. In existing
areas, the danger of infill development at the cost of valuable UGSs should be carefully
considered, and existing UGSs and vacant land protected and renewed.

Such considerations are not restricted to areas occupied by those of lower SES. In
Potchefstroom’s Category B sample, the rejection of the proximity principle directed atten-
tion to the quality and amenity value of existing public UGSs [48]. Whilst we observed
these spaces in middle-income neighborhoods to be of improved quality over those in
lower-income areas, without dedicated functions or support for social activities, these
spaces may not be used or valued sufficiently. To draw the immediate and broader com-
munity, many of whom may have substantial access to private UGSs and transport and
can afford to travel to other destinations for leisure and recreation, concerted efforts are
required. Public–private partnerships, in which local champions often prove critical, may
be needed to capitalize on a neighborhood’s resources and compensate for the incapacity
and lack of resources or political will of the public sector. Such initiatives should also place
a firm focus on ecosystem disservices, especially the social ails potentially related to UGSs,
as presented in Section 1.1 and emphasized by Davoren and Shackleton [97] as important
issues in the Global South. This may include programs to improve the maintenance of
vegetation and clear areas for recreation, and to improve surveillance and lighting. It is,
however, critical that public UGSs are retained as accessible and welcoming public spaces
that contribute to social cohesion and not division, especially in the South African context.

5.2. Urban Green Spaces Need to Be Valued as Green Infrastructure to Enhance Value

Increased municipal property valuations and their associated property taxes may
follow when UGSs are valued by homeowners and prospective buyers, but local authorities
need to value UGSs as green infrastructure as well. The lack of dedicated green infras-
tructural systems in public UGSs in the low- and middle-income samples included in this
research attests to a lack of application and a failure to realize the potential multifunc-
tional values UGSs can deliver. It is thus recommended that alternatives combining grey
and green infrastructure in the development of new and the retrofitting of existing UGSs
and infrastructural networks be more ardently pursued as priorities in planning practice.
For example, the UGSs included under Category C constituted important components of
the development’s stormwater management network. Stormwater management through
drainage, retention, filtration, etc., is one of the most commonly derived green infrastruc-
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ture functions, as part of regulating ecosystem services (see Table 1). Whilst regulating,
provisioning and habitat/supporting ecosystem services often bear identifiable and even
quantifiable benefits, more obscure advantages related to cultural ecosystem services must
also be considered in unison to extract optimal value. Whereas the Category C sample and
its abundant, well-maintained public UGSs may present an ideal, far removed from the
realities of low-income and even middle-income areas, it provides some perspective on
the impact of quality UGSs on property value. In the Category C sample, higher property
valuations in relation to UGSs between properties in zone 1 and zone 3, by substantial
margins in value (28%), highlight the potential significant impact of access to usable UGSs
of high quality.

5.3. More Valuation Studies Are Needed across Socioeconomic Gradients

As noted, the consideration of only one sample in Category C is recognized as a limi-
tation of this study. Other limitations include the lack of quantitative and more structured
qualitative evidence on the ecosystem services and disservices delivered, as well as the
need for more data on resident perceptions pertaining to the UGSs included in this study,
to overcome a reliance on anecdotal observations. It is thus recommended that future
research be expanded to other case study locations in South Africa and the Global South
where an increased number of samples in high-income areas and gated communities can
be included for analysis. It is also recommended that this case study be revisited and sup-
plemented by more quantitative and qualitative analyses of the UGSs included to augment
the preliminary findings presented here. Despite its limitations, this research provides a
firm foundation from which to investigate the impact of SES on the proximity principle to
improve UGS planning in South Africa (and the broader context of the Global South) and
advance emerging themes such as environmental justice, context sensitivity and greener
urban environments [1].
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Abstract: As many urban areas undergo increasing densification, there is a growing need for methods
that can extend spatial analysis and decision-making for three-dimensional (3D) environments.
Traditional multicriteria evaluation (MCE) methods implemented within geographic information
systems (GIS) can assist in spatial decision-making but are rarely suited for 3D environments. These
methods typically use a simplified decision logic that limits the number of evaluation criteria and
variability of output suitability scores. In this study, the logic scoring of preference (LSP) as a
generalized MCE method is used for 3D suitability analysis to better represent human reasoning
through flexible soft computing stepwise decision logic operators. This research: (1) implements the
LSP–MCE method to compare the suitability of high-rise residential units in 3D, and (2) performs
criteria weight sensitivity and cost–suitability analyses using datasets for the City of Vancouver,
Canada. LSP aggregation structures are developed for unique priorities and requirements of three
demographic profiles. The results demonstrate the method’s flexibility in representing unique
preference sets comprising 2D and 3D criteria, and that cost has a significant effect on residential unit
attractiveness in a dense built environment. The proposed 3D LSP–MCE method could be adapted to
benefit other stakeholders, such as property tax assessors, urban planners, and developers.

Keywords: 3D spatial multicriteria evaluation (MCE); dense built environment; 3D suitability analysis;
logic scoring of preference (LSP); spatial decision-making; three spatial dimensions (3D); geographic
information systems (GIS)

1. Introduction

To mitigate the negative environmental and social impacts of increasing urbanization,
many cities are seeking to accommodate growing populations while also reducing environ-
mental degradation [1]. One widely implemented practice has been urban densification,
which focuses new development within existing urban boundaries rather than converting
natural or agricultural lands in urban peripheries. By limiting outward sprawl, populations
and economic activities are concentrated in previously serviced land, and urban form shifts
to a more compact and higher density model that better supports public transportation and
physical activity [2–4]. To achieve higher densities, many municipalities are encouraging
high-rise development to maximize the use of limited land [5].

As residential high-rise units become a more common alternative to low-density
detached housing, the housing choice problem becomes more complex. Many housing
features and environmental qualities, such as viewscapes, vary with respect to not only the
neighborhood where a unit is situated within but also the unit’s vertical location within a
given building. These three-dimensional (3D) attributes can ultimately influence the overall
desirability of different units for prospective residents [6]. Multicriteria evaluation (MCE)
methods have been used extensively with geographic information systems (GISs) to aid
in two-dimensional (2D) spatial decision-making problems and in a wide range of spatial
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applications [7,8]. However, there is a lack of such methods for accommodating decision
problems where alternatives, criteria, or processes are situated in 3D space.

Furthermore, software that can handle spatial visualization and analysis in three
spatial dimensions, such as Autodesk Revit [9], ArcGIS Urban [10], and CityEngine [11],
generally excel in urban design, visualization, 3D mapping, or selected types of “objective”
analyses, such as viewscapes or shadow analysis [12,13]. While these tools can perform
certain types of 3D analysis, they are ill-suited to aiding decision-making where stakehold-
ers must consider many factors simultaneously that vary in importance. With increasing
3D data availability, there is a demand to move beyond simple 3D analysis and to develop
spatial decision methods, such as MCE, that operate in 3D space. There are no off-the-shelf
software packages that combine 3D and MCE currently. Hence, the analytical processes
related to suitability analysis must be coded and embedded within existing geospatial
software in order to operationalize 3D MCE. Munn and Dragićević [14] recently proposed
and applied a 3D MCE approach to residence selection scenarios with 3D decision alter-
natives using CityEngine software with additional programming routines. However, the
core of this 3D GIS–MCE approach is based on weighted linear combination (WLC), a very
simple and commonly used MCE that has shortcomings. Typical MCE methods available
in common GIS software, such as WLC, analytical hierarchy process (AHP), or ordered
weighted average (OWA), are based on the simple additive scoring (SAS) that uses the
geometric mean with a linear additive nature [15]. When a larger number of attributes are
necessary to resolve a complex spatial decision problem, each individual attribute’s impor-
tance decreases within the standardized weighting schema [16,17]. This oversimplification
insufficiently describes decision-making perspectives typical of human reasoning.

The logic scoring of preference (LSP) is a generalized MCE method that has been
developed to overcome these limitations [17]. LSP addresses large and complex decision
problems through a variety of logic operators that better depict nuances of decision-making
processes and the use of stepwise hierarchies to allow more criteria to be considered.
Many of these logic aggregators are not available in any other MCE decision method, thus
making the LSP method more appropriate to address complex spatial problems such as 3D
suitability analysis in the dense built environment. However, up to this point, LSP–MCE
has only been used for 2D spatial decision-making studies. Therefore, the objectives of
this research are to: (1) develop an LSP–MCE to operate in 3D as a novel approach applied
to/for dense built environments; (2) to implement the 3D LSP–MCE for suitability analysis
of high-rise residences using data for downtown Vancouver, Canada; and (3) perform
LSP–MCE sensitivity and cost–suitability analysis on decision alternatives in 3D. The
novel approach proposed in this study will allow planners, urban developers, real estate,
taxation offices, and other end users to interactively and independently address all the 3D
components, criteria, and scenarios, and seamlessly follow through all of the analytical
processes that are embedded within a 3D MCE analysis.

2. Logic Scoring of Preference Method

The logic scoring of preference (LSP) is a soft-computing-based MCE method charac-
terized by stepwise aggregation and a wide range of flexible decision logic conditions [17].
Stepwise criteria aggregation allows more evaluation criteria to be considered as the sig-
nificance of each criterion is not diminished by the others through a linear combination
function. Furthermore, LSP includes decision logic aggregators representing simultaneity
and replaceability, which are intrinsic to most real-world decision-making problems. As a
result, LSP–MCE analysis and output suitability maps can better reflect real-world decision
logic than traditional MCE methods [18,19].

LSP–MCE analysis consists of five steps [17] and begins with the definition of the
decision problem related to the interested stakeholders, experts, or groups. Next, a hierar-
chical attribute tree is created that contains the attributes that affect the overall suitability
of a decision alternative. The structure forms a hierarchy of groups and subgroups of
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related components that are iteratively decomposed until the simplest components, termed
elementary attributes, remain.

The third step involves defining elementary criteria or suitability functions, which
transform raw elementary attribute values into standardized unitless elementary preference
values. This permits a comparison of performance between attributes with differing units
of measurement [20]. Each function describes the relationship between possible attribute
values and the associated degree of satisfaction (i.e., elementary preference) established for
that attribute [21].

In step 4, the hierarchical LSP aggregation structure is defined to determine how
elementary preferences are aggregated to compute the overall suitability of each alternative.
The attribute tree serves as the framework for the structure, with each subgroup in the
attribute tree system comprising at least one preference aggregation block, depending
on whether components in the subgroup are mandatory, desired (nonmandatory), or a
combination thereof. Mandatory attributes must be satisfied for the decision alternative to
be considered at all, whereas desired attributes are preferred but not necessary. Weights
of relative importance are determined by the relevant stakeholders or field experts and
are assigned to each component such that all weights in an aggregation block sum up
to 1or 100%. In its entirety, the overarching LSP system can be referred to as the LSP
criterion function.

A logic aggregator is also applied to each aggregation block. Aggregators are graded
preference logic functions that dictate how components are combined to compute the
satisfaction degree of each block [16]. They are derived from the fundamental general-
ized conjunction/disjunction (GCD) function used to model human reasoning across the
spectrum of decision logic ranging from full conjunction or ANDness (α = 1; ω = 0) to full
disjunction or ORness (α = 0; ω = 1) [19].

Conjunctive and disjunctive aggregators model logic requirements for simultane-
ity and replaceability, respectively. The spectrum of partial conjunction/disjunction ag-
gregators can be divided into hard (HPC/HPD) and soft (SPC/SPD) partial conjunc-
tion/disjunction aggregators as presented in Figure 1 as per [17]. HPC aggregators model
mandatory requirements, where an elementary preference of zero results in an overall suit-
ability score of zero regardless of how completely other attributes are satisfied. Conversely,
HPD aggregators represent sufficient requirements, where an elementary preference of
1 results in an overall score of 1 regardless of whether other attributes are satisfied. SPC
and SPD model softer versions of simultaneity and replaceability. The SPC aggregators
(Figure 1) apply a penalty to preference values when desired attributes are not satisfied,
rather than assigning an automatic suitability score of zero. Similarly, SPD aggregators sim-
ply apply a reward to preference values when one of the desired attributes is fully satisfied,
instead of an overall score of 1. The neutrality aggregator A also exists as the arithmetic
mean for cases where a high elementary preference for any attribute can partially offset a
low preference of any other [21], making this logical operator parallel to the compensatory
nature of MCE, such as WLC. The last step involves calculating the overall suitability scores
of each decision alternative and creating the suitability map.

 

Figure 1. Logic scoring of preference (LSP) logic aggregators with associated symbols and r exponent values.

A hypothetical example of LSP-based site selection for a new college location is shown
in Figure 2. Mandatory criteria, such as a sufficient site area and an appropriate slope,
are combined using an HPC aggregator. Referencing Figure 1, this can be any aggregator
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from C−+ to C++, depending on the level of ANDness or simultaneity desired. An SPC
aggregator is likewise applied to desired criteria where both are wanted but a location is not
automatically rejected if either is unsatisfied (e.g., distance from other schools, availability
of nearby parking). Finally, an SPD aggregator is assigned to desired criteria where
replaceability is being modeled. The disjunctive aspect allows for train and bus access to
partially substitute for the other, while the soft aspect enables rewarding of locations that
offer both.

Figure 2. Sample LSP aggregation structure for selecting a location for a new college.

Recent studies have integrated LSP–MCE with GIS to address a number of spatial
decision-making problems, including groundwater contamination vulnerability assess-
ment [20], conservation planning [22], and landfill site selection [23]. LSP–MCE analysis has
also been used for urban land use suitability [24], residential development [20], and urban
densification [25]. While GIS-based LSP–MCE has been used to evaluate the suitability of
residences or neighborhoods [17,19,26], these studies have not been applied to high-rise
residential units where some attributes vary in magnitude along the vertical gradient.
Furthermore, LSP–MCE output suitability maps have been restricted to 2D raster displays
of decision alternatives to date. The 3D LSP–MCE approach used in this research is capable
of analyzing alternatives spanning 3D space and visualizing their suitability in 3D to aid
comprehension of outputs for decision-making.

3. Methods

3.1. Study Area and Datasets

The City of Vancouver, Canada, grew by 10% between 2011 and 2021 and was home
to 662,248 residents in 2021 [27]. For that reason, it has become increasingly densified to
accommodate population growth while simultaneously meeting municipal and regional
sustainability goals [28]. This trend is most pronounced in downtown Vancouver, where
a significant proportion of residential and office buildings are high-rises as defined by
Statistics Canada [29] with five or more stories. Unlike many North American cities,
downtown Vancouver is known as an attractive, livable space and not simply a central
work hub [30].

Building footprints from the City of Vancouver [31] were used to generate residential
unit data layers for all open market residential high-rise buildings in downtown Vancouver,
amounting to 613 buildings comprising 49,130 residential units. Building height, story
number, and number of units were available for many buildings [32]. However, as floor
plans were not publicly accessible due to privacy and availability issues, hypothetical 3D
units were created. Additional geospatial datasets used to derive criteria attribute values
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were obtained from [31,33–40]. Attribute analyses were conducted in the ArcGIS Desktop
suite v.10.7.1 [41].

The residential units are represented in the 3D suitability map as cubelike voxel data
structures, here defined as 3D spatial units possessing attribute values for each criterion,
located at a position (x, y, z) in a 3D GIS environment. The 3D LSP–MCE analysis was
implemented using CityEngine [11] software, and its CGA programming language with
scripts developed to voxelize the units (i.e., extrude the 2D data layers to create 3D voxels),
run the 3D analysis, and select a color symbology to display the obtained level of suitability
for each voxel unit.

3.2. Decision Problem, LSP Attribute Tree, and Elementary Criteria

In this research, the decision problem consists of identifying the most suitable high-rise
residential units for prospective residents. LSP attributes and 3D preference scenarios can
be developed for various groups and stakeholders, including real-estate tax assessments,
urban planners, and developers. For this study, three generalized sociodemographic
groups were chosen with characteristics based on existing scientific literature: families with
children (Scenario 1), elderly (Scenario 2), and working professionals (Scenario 3). Many
3D attributes, defined here as attributes whose values are affected by the vertical location
of the unit, were included as factors that need to be considered in high-rise home selection
in addition to the typical 2D factors and amenities. Ultimately, 10 2D and 11 3D elementary
attributes influencing residence selection were identified and included in Scenario 1, three
of which were omitted from either Scenario 2 or 3. The attribute trees presented for each
scenario in Figure 3 are composed of three overarching attribute groups: neighborhood
features (11), housing features, and (12) and environmental quality (13). The figure also
distinguishes between attributes that are mandatory and nonmandatory and those that are
2D or 3D for each scenario.

The neighborhood features group (11) is composed entirely of 2D attributes. Family
areas are specific to Scenario 1 and link the suitability of a neighborhood for raising a family
to the number of children available to play and interact with [42]. Similarly, distance to the
nearest elementary school is important to families as shorter distances reduce children’s
travel time and safety risks [43]. Prospective residents may also base their decision on
neighborhood crime level, which is negatively correlated with neighborhood satisfaction
and mental health [44,45], or population density, which often has positive correlations with
neighborhood satisfaction and smaller but stronger social networks [46,47]. Living in close
proximity to urban parks is also beneficial for mental health, promotes physical activity,
and provides recreational opportunities [48]. The bike, transit, and walk scores for each
residential building were included as assessments of multimodal accessibility to desirable
neighborhood features based on walking, cycling, or transit travel [49].

The housing features group (12) includes the compass aspect of the unit and the year
the building was built, as certain orientations are typically preferred over others [50], and
newer homes are generally considered more desirable [51,52]. The remaining attributes
are 3D in nature. Units with a larger viewshed are more pleasing and valued higher [53],
as are views that encompass desirable features, such as parks or bodies of water [54].
Safety as referred to in this study relates to the floor a unit is on; particularly, residents
on higher floors will require more travel time and may encounter more hazards in the
event of an emergency evacuation [55]. Privacy is also an important factor impacting home
satisfaction [56,57]. Here interunit visibility was calculated as a proxy for privacy.

The environmental quality group (13) entirely comprises 3D attributes. High levels
of traffic-related air pollution or tree pollen can exacerbate respiratory conditions and
asthmatic attacks [58,59]. Strong winds can cause thermal discomfort or in extreme cases
may pose a level of danger [60]. Excessive noise from various sources (e.g., SkyTrain,
railways, cars) can negatively affect physical and mental well-being [61], while increased
exposure to sunlight improves both mental and physical well-being [62].
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Figure 3. Attribute tree with elementary attributes for the three scenarios with 3D attributes high-
lighted in bold text.
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Most elementary attribute data were not readily available and so were computed or
estimated through GIS-based analyses using methods found in the literature (see Table 1).
Elementary criteria functions were defined for each attribute using breakpoints based on
values found in the literature (Table 1).

Table 1. Elementary attribute criteria in vertex notation format with associated criterion function
breakpoints and rationale. Attributes that are 3D in nature are highlighted in bold text.

Attribute Analysis Method Rationale

N
ei

gh
bo

rh
oo

d
Fe

at
ur

es

Family Areas
{(20,0), (80,1)}
(percentile of all census tract areas %
occupied dwellings with children)

Preferences of 0 and 1 assigned to 20th and 80th percentile
values, respectively, as more children means more peers to
interact with.
Analysis: Percentage of occupied dwellings with families.

Neighborhood
Crime

{(0–0.005,1), (0.005–0.0015,0.8),
(0.0015–0.005,0.6), (0.005–0.01,0.4),
(0.01–0.02,0.2), (0.02,0)}
(crime density)

Crime is negatively correlated with neighborhood
satisfaction and mental health [44], so lower crime level
is preferred.
Analysis: Kernel density of geolocated crime incidents.

Population
Density

{(29,0), (211,1)}
(people per ha in each census tract)

Based on the density-satisfaction study of [46], which
averaged 29 people/ha for low-density neighborhoods and
211 people/ha for high-density neighborhoods.
Analysis: Population density.

Distance to
Parks

{(400,1), (800,0)}
(m)

City of Vancouver aimed to have every resident within
5 min’ walk (400 m) of a green space [63]; 99% are within
10 min’ walk (800 m) [64].
Analysis: Network distance.

Distance to
School

{(400,1), (2000,0)}
(m)

Preference of 1 assigned to 5 min’ walk, 0 to 25 min’ walk
(2000 m), putting the 50% mark close to the average distance
of 1274 m [65].
Analysis: Network distance.

Bike Score,
Transit Score,
Walk Score

{(0–24,0), (25–49,0.25), (50–69,0.5),
(70–89,0.75), (90–100,1)
(score)

Based on walk score’s [49] score class ranges and
score values.

H
ou

si
ng

Fe
at

ur
es

Aspect
{(N, 0), (NE/NW, 0.25), (E/W, 0.5), (SE/SW,
0.75), (S, 1)}
(aspect)

How property values proportionally increase with different
aspects is presented in [66].
Analysis: Determine unit aspect(s) using building and unit
footprints and linear directional mean tool.

Privacy
{(Low, 0), (relatively low, 0.33), (medium,
0.67), (high, 1)}
(privacy level)

Four levels of visual exposure are defined in [67]: low
(>50 m from nearest view point); relatively low (25–50 m),
medium (10–25 m), and high (<10 m).
Analysis: Intervisibility.

Safety
{(1,0.5), (2,0.75), (3,1), (7,1), (18,0)}(floor
number)

First few floors [68,69] are more likely to be burglarized,
while typical aerial ladder reach limits fire rescue to about
the seventh floor [55]. Average time to descend one floor is
16.4 s [70]; 18th floor is equivalent to 5 min’
evacuation time.

Year Built
{(1960, 0), (1983, 0.42), (1984, 0.1), (1998, 0.35),
(1999, 0.71), (2015, 1)}
(year built)

Newer homes are generally more desirable, but 1984–1998
buildings are from Vancouver’s “leaky condo era” and may
be prone to leaks [71]. Buildings from 2015 onwards built
under the most recent National Building Code. Only 8% of
Metro Vancouver high-rises built before 1961 [72].

Total View
Amount

{(10,0), (90,1)}
(percentile of view amount (m2) results)

Larger views are more pleasing and positively correlated
with property prices [53,73].
Analysis: Visibility [54].

View Type
{(0,0), (100,1)}
(% desirable view)

Properties with larger views of desirable view features
(e.g., water) are priced higher than properties with smaller
views [53].
Analysis: Overlay of visibility output and raster of
desirable/undesirable view features.
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Table 1. Cont.

Attribute Analysis Method Rationale

En
vi

ro
nm

en
ta

lQ
ua

lit
y

Air Pollution
{(7,1), (17,0)}
(ppb NO2)

Metro Vancouver’s air quality objective for NO2 is an
annual average of 17 ppb. Areas of cleaner air in Metro
Vancouver average around 7 ppb [74].

Hours of
Sunlight

{(0,0), (12,1)}
(h)

More hours of direct sunlight is considered desirable due to
its beneficial effects [62].
Analysis: Points solar radiation [75] for the equinox.

Pollen Level
{(2,0), (12,1)}
(m above ground level)

Although pollen level decreases with height, the most
significant decrease generally occurs within 10 m, with
concentrations at ground level ~1.5 times higher than those
10 m higher [76].

Wind
{(low, 1), (moderate, 0.75), (very low, 0.5),
(high, 0.25), (very high, 0)}
(ventilation potential)

High wind speeds can bring thermal discomfort or even a
level of danger [60]. In the mild Vancouver climate, a low to
moderate amount of ventilation would be more appreciated.
Analysis: Computed relative wind level for three 50 m
height increments [77] using most predominant winds in
Vancouver.

Railway Noise,
SkyTrain
Noise,
Traffic Noise

{(45,1), (95,0)}
(dBA)

Sleep disruption can occur at a sustained noise level of
≥30 dBA. More severe consequences (e.g., hearing damage)
can occur at levels of ≥80 dBA [78]. However, it is assumed
that transmission loss at windows is ~15 dBA [79].
Railway analysis: Estimated using similar site noise map
digitization and extrapolation [80].
SkyTrain analysis: Estimated using digitization and
extrapolation of SkyTrain noise maps [81].
Traffic analysis: Estimated using traffic noise equation
in [78] as per [14].

3.3. LSP Aggregation Structures

The LSP aggregation structures created for the three scenarios are depicted in Figure 4.
An SPD aggregator is applied to the accessibility aggregation block (node 1143 in Figure 3)
to indicate that walk, bike, and transit score criteria are replaceable to an extent, but a
higher satisfaction degree is awarded to locations that satisfy all three. Similarly, an SPD
aggregator is used for the view aggregation block (node 125) to suggest that while having
both a large and desirable view is preferred, either criterion can partially replace the other.
The remaining standard aggregators are either SPC or HPC, selected based on whether
mandatory or desired components were being aggregated and the level of ANDness desired.
For instance, an HPC aggregator is applied to aggregate the mandatory environment block
(134–135) in Scenario 2 as they are mandatory requirements (Figure 4B), and C− + in
particular is chosen to indicate that only a low to moderate level of simultaneity is needed.
Both of the nonmandatory neighborhood (112–113) and nonmandatory housing (121–123)
aggregation blocks in Scenario 3 are composed of desired components and thus require SPC
aggregators (Figure 4C), but a larger ANDness (C−) is used for nonmandatory housing,
denoting the demographic’s desire for a slightly higher level of simultaneity in having all
of safety, privacy, and a desired aspect.

Criteria weights were selected based on the expected priorities for each demographic.
In reality, subject matter experts or decision problem stakeholders should be consulted
in determining the appropriate criteria weights, as the resulting suitability scores can be
highly sensitive to input weight values. However, the weight estimations used are sufficient
for the purposes of this study, as the primary goal is to demonstrate the 3D LSP–MCE
approach, and the decision problem itself is subjective in nature. Some weights were
identical across the three scenarios. For example, the view type is weighted as 60% of the
view block (node 125) value for all prospective resident types, while the total view amount
is set at 40% (Figure 4). However, most weights and, more generally, the aggregation blocks
vary between scenarios. For instance, aspect is a nonmandatory attribute in all scenarios
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and varies in weight from 0.2 (Scenario 2) through 0.3 (Scenario 1) to a high of 0.45 for
Scenario 3.

Figure 4. LSP aggregation structures for (A) Scenario 1 (family oriented), (B) Scenario 2 (elderly
oriented), and (C) Scenario 3 (working professionals oriented).

Where asymmetric logic occurs in the aggregation structures (i.e., combination of a
mandatory and a desired input), a conjunctive partial absorption (CPA) aggregator must
be used, in this case an A/CA aggregator combination [17]. The CPA is a compound
aggregator that requires the selection of reward (R) and penalty (P) values in order to
determine the relationship between the inputs and the weights assigned to them in each
aggregation step [21]. R and P are percent values used, respectively, to either increase
the elementary preference if the desired input is fully satisfied or decrease the preference
if the desired input is not satisfied [19]. Accordingly, the magnitudes of P and R reflect
the desirability of the nonmandatory input. For instance, Scenario 2 both penalizes and
rewards units much higher on the combined nonmandatory housing features than it does
on population density attributes, an indication of the preferences for elderly residents
(Figure 4B).
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To compute the 3D suitability values, elementary attribute values were converted to
elementary preferences that were aggregated in a stepwise manner from the leaves of the
tree structure towards the root to calculate the overall suitability score of each voxel unit
in the study area buildings. Individual logic aggregators were implemented using the
weighted power mean, which can be described as follows [17]:

GCD(X1, . . . , Xn) = [W1X1
r + . . . + WnXn

r]1/r (1)

where GCD(X1, . . . , Xn) is the suitability score for an alternative with the input elementary
preferences X1, . . . , Xn for a set of n attributes; W1, . . . , Wn are the weights of relative
importance for the preference inputs; and r indicates the degree of simultaneity and
replaceability as determined by the aggregator (Figure 1). More broadly, the overall 3D
suitability score S(vi) for a voxel unit i located at position (Xi, Yi, Zi) can be expressed
as the output of the overarching LSP criterion function, as presented in the following
extended formula:

S(vi) = g(a1(vi), a2(vi), . . . , an(vi)) (2)

where g is the LSP criterion function, and (a1(vi), a2(vi), . . . , an(vi)) is the array of n
elementary attributes associated with the 3D voxel unit i at position (Xi, Yi, Zi).

A cost–suitability analysis was also conducted to compute the overall value of each
unit alternative, which can be viewed as a function of the suitability and cost of a unit [16,17].
Cost is incorporated separately from suitability in this manner as it is better aligned with
human reasoning [26]. The cost–suitability analysis is extended in 3D and implemented to
calculate the overall value V(vi) for a voxel unit i located at a position (Xi, Yi, Zi) using the
following extended value indicator formula:

V(vi) =
[
Wu(U(vi))

r + Wp(P(vi))
r]1/r

0 ≤ Wu ≤ 1, 0 ≤ Wp ≤ 1, Wu + Wp = 1,−∞ ≤ r ≤ +∞
(3)

where U(vi) is the usefulness indicator defining the range of acceptable suitability scores;
P(vi) is the inexpensiveness indicator defining the range of acceptable cost; Wu and Wp
are the weights of relative importance assigned to the usefulness and inexpensiveness
indicators, respectively; and r indicates the degree of simultaneity and replaceability as
determined by the aggregator. Unit conveyance prices were obtained from BC Assess-
ment [82] datasets, with missing values estimated using proximate unit prices.

4. Results and Discussion

4.1. Three-Dimensional Suitability Analysis

The LSP criterion functions and 3D LSP–MCE suitability analyses were coded and
run in CityEngine 2019.1 software [11] using the Computer Generated Architecture (CGA)
programming language. The suitability scores for the 3D voxel units are presented and
classified into seven equal interval classes of suitability: unacceptable (0.0–0.14), very poor
(0.14–0.28), poor (0.28–0.43), average (0.43–0.57), good (0.57–0.71), very good (0.71–0.86),
and excellent (0.88–1.00). Figure 5 presents the suitability analysis results for each scenario.

The 3D LSP–MCE suitability results vary considerably between the three scenarios.
Scenario 1 is the most restrictive scenario with both the most low suitability units and the
least high suitability units (Table 2). Some 44% of high-rise residential units fall within the
unacceptable category, while no units are classified as excellent. Only 1% exhibit very good
suitability with most confined to lower- to midlevel floors of waterfront buildings along the
southern downtown boundary (Table 2, Figure 5A). This is due primarily to the scenario’s
stricter requirements with a greater number of mandatory attributes. For instance, low
levels of noise, crime, and air pollution are considered mandatory requirements for families,
which eliminates units located in higher crime areas and near high volume streets. Safety
is also mandatory, resulting in lower suitability for lower floors and lower suitability or
nonsuitability for higher floors.
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Figure 5. Results of the 3D LSP multicriteria evaluation (MCE) suitability analysis for Scenarios (A) 1,
(B) 2, and (C) 3.
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Table 2. Number and percentage of units in each suitability class by scenario.

Suitability Class
Scenario 1 Scenario 2 Scenario 3

# of Units % of Units # of Units % of Units # of Units % of Units

Excellent
(0.88–1.00) 0 0.00 999 2.03 9454 19.24%

Very Good
(0.71–0.86) 492 1.00 12,563 25.57 6822 13.88%

Good
(0.57–0.71) 5187 10.55 8743 17.79 12,180 24.79%

Average
(0.43–0.57) 12,718 25.88 4676 9.51 10,526 21.42%

Poor
(0.28–0.43) 6678 13.59 1177 2.39 6341 12.90%

Very Poor
(0.14–0.28) 2449 4.98 809 1.64 3788 7.71%

Unacceptable
(0.00–0.14) 21,606 43.97 20,163 41.04 19 0.03%

Although no voxel units are completely unsatisfied for the mandatory noise attribute,
units near busy streets, the railyard, or the SkyTrain receive lower noise preference scores
and thus lower suitability scores. Units with good or very good suitability are found
primarily along the downtown periphery as they have greater access to higher weighted
(≥0.4) desired attributes, such as large desirable water views and sunlight, although there
is also a cluster of higher suitability voxel units towards the downtown center due to
their proximity to an elementary school. The units exhibiting very good suitability along
the southern downtown edge are also influenced by the high family area score of the
neighborhood. Moderately suitable units in the northwest downtown region are located
in areas with higher crime rates and lower percentages of families and have lower quality
views and sunlight due to their central position, shorter stature, and obstructions from
neighboring downtown buildings (Figure 5A).

There is considerable overlap in unacceptable units between Scenarios 1 and 2, par-
ticularly on higher floors, as both scenarios share mandatory safety, crime, and noise
attributes (Figure 5A,B). However, Scenario 2 results depict many additional unacceptable
units along the downtown periphery, reflecting the mandatory emphasis on a low-wind
environment for the elderly demographic. Overall, Scenario 2 has the greatest number
of high suitability units, with 2% and 26% of voxel units displaying excellent and very
good suitability, respectively (Table 2). This may be partly attributable to having fewer
mandatory attributes and partly to some high-scoring desired attributes, such as distance
to parks, transit score, and walk score, being weighted relatively highly. Similar to Scenario
1, many of the highest suitability units are found along the downtown perimeter where
views are generally abundant and pollution is less, but a few streets in where the wind is
not as strong.

The pattern of suitability is drastically different in Scenario 3 as safety, crime, and noise
are not mandatory attributes, and instead, building age, view, and sunlight are prioritized
(Figure 5C). As a result, buildings located along high-volume streets or in higher crime
areas are not as heavily penalized, and units on higher floors are actually preferred as they
are less prone to view and sunlight obstruction. Conversely, most units on lower floors are
less suitable due to restricted views and sunlight, except for buildings along the downtown
periphery. Unsurprisingly, many of the high suitability units occur in waterfront buildings,
which have the extra advantage of having a desirable view type. The influence of building
age is also evident, with older buildings predominantly situated in the northwest region of
downtown, where the majority of low suitability voxel units are located. Scenario 3 has
both the most excellent suitability units and the least unacceptable units (Table 2).

Certain trends are visible across all scenarios. Figure 6 presents a subsection of the
study area permitting higher detail. For instance, corner units and units on higher floors
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tend to exhibit higher levels of suitability as they typically have access to larger views and
longer hours of sunlight. Higher levels of near-ground noise, pollen, and air pollutants
further contribute to the disparity in suitability between units on higher and lower floors.
Privacy also has an influence as units within viewing distance of other units or from street
spectators are considered less suitable. Units near parks or water also tend to score higher as
they have more desirable views than units with views of surrounding city buildings. South-
oriented units (Figure 6C) typically display higher levels of suitability than those oriented
north (Figure 6D) as a south aspect is generally preferred and receives more sunlight.

 

Figure 6. Suitability values obtained from the 3D LSP–MCE analysis for a subset of buildings under
Scenarios (A) 1, (B) 2, and (C) 3 facing south and (D) Scenario 3 facing north.

4.2. Sensitivity and Cost–Suitability Analysis

In addition to performing the 3D LSP–MCE suitability analysis, the sensitivity of
parameters was tested by modifying parameters for Scenario 1 using four separate test sce-
narios and by comparing the obtained results. The first sensitivity test involved increasing
the number of mandatory attributes for Scenario 1, namely, family areas, population density,
privacy, and pollen. The second test removed all mandatory attributes from Scenario 1
such that all attributes were desired. The third test weighted all components within each
aggregation block in Scenario 1 equally. Finally, the last test implemented a one-at-a-time
approach by incrementally increasing the input elementary attribute and elementary pref-
erence values for three elementary criteria (traffic noise, family areas, distance to schools)
and the ANDness of aggregators for three aggregation subgroups (mandatory environmen-
tal, desired environmental, mandatory neighborhood) at three residential unit locations
(Figure 7) to derive sensitivity curves and influence ranges.
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Figure 7. The three residential units selected for the one-at-a-time sensitivity tests with associated
suitability scores for Scenario 1.

To visualize the change in results for the first two tests, 3D difference maps were
created by subtracting the original Scenario 1 suitability value for each unit from the
corresponding new suitability value. Figure 8 presents the results of the sensitivity analysis
with the initial Scenario 1 provided in panel (A) as a reference. Contrasting suitability values
for more and no mandatory attributes are found in panels (B) and (C), and the respective
difference maps are shown in panels (D) and (E). The results of the third sensitivity analysis
test with equal weights provide a very small change in obtained values for 3D suitability
ranging from −0.12 to +0.05, which can be explained by the aggregation block components
in Scenario 1 not having extreme differences for weights.

The addition of further mandatory attributes generates more unacceptable units com-
pared with the original Scenario 1. This is particularly evident along the west downtown
border, where the percentage of family units is relatively low (Figure 8B), although some
units’ suitability has increased marginally. Overall, the range in suitability increase was
minimal with a maximum increase of 0.11, compared with a maximum decrease in suit-
ability of 0.75. The results of the second test with all nonmandatory attributes show a
considerably different pattern of many fewer unacceptable units with the majority of units
increasing in suitability with some exceptions, most notably in the same section as the first
test results (Figure 8C). This can be explained that nonmandatory attributes that score rela-
tively low in this area, such as family neighborhood composition and year built, now have
a relatively larger influence on suitability outcome as there are no mandatory attributes.
While approximately a quarter of all units have decreased in suitability by as much as −0.5,
the overwhelming majority have increased by a maximum of 0.72. These results demon-
strate how significantly suitability can change depending on the designation of mandatory
or nonmandatory attributes, as mandatory attributes are inherently restrictive. For this
reason, the LSP–MCE method should be used with direct consultation with interested
groups who can provide direct input in the choice of parameters for decision-making.
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Figure 8. The 3D suitability maps for initial Scenario 1 (A) and the sensitivity analysis results for
Scenario 1 with (B) more mandatory attributes and (C) no mandatory attributes and the calculated
corresponding 3D difference maps (D,E), respectively. Change in overall suitability compared
with the original Scenario 1 is expressed as the increase or decrease in suitability resulting from
parameter variation.

Sensitivity curves from the fourth sensitivity test are presented in Figure 9 along with
corresponding influence ranges for each of the three locations. Distance to school has the
largest influence range of the three criteria, which can be explained by its designation as a
mandatory criterion, whereas the desired criterion family areas has the smallest influence
range (Figure 9A). Traffic noise is also a desired criterion, but it serves as an input for a
mandatory component, which may explain its intermediate range of influence. The shapes
of the curves are also significant with all following increasing concave functions with a
progressively slower rate of increase in suitability for higher preference scores, although
it is most pronounced for distance to school (Figure 9B). This makes sense as mandatory
criteria model hard simultaneity, and therefore, suitability is more strongly limited by other
potentially lower-scoring criteria in the same aggregation block. The distance to school
curve starts at the origin (0,0) representing its mandatory nature and the automatic rejection
of locations that do not satisfy the criterion. Another observation is that Location 1 with
the highest overall suitability score also produces the greatest ranges in output suitability,
while Location 3 with the lowest suitability produces the smallest ranges.
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Figure 9. Sensitivity curves obtained for three locations using varying values for (A) input elementary
attributes and (B) input elementary preferences for three elementary criteria and (C) aggregators of
varying ANDness for three aggregation subgroups.

When the ANDness of aggregators is increased, the overall pattern is one of decreasing
suitability as the progression towards simultaneity is more restrictive with fewer oppor-
tunities to satisfy user requirements based on other aggregation subgroup component
preference scores (Figure 9C). In this case, Location 1 has the largest range in output suit-
ability values under the desired environment subgroup, although Location 2 has the largest
range under the two mandatory subgroups. Mandatory environment demonstrates the
largest influence ranges of the three subgroups, which may be explained by the smaller
number of input components that can ultimately impact the output preference score. The
results suggest that extra care should be taken in assigning proper attribute values and
calculating preference scores for the most sensitive parameters, namely, mandatory criteria,
particularly where elementary preferences are low.

The cost–suitability analysis on the three scenarios was performed using unique use-
fulness U(vi) and inexpensiveness P(vi) indicators and associated importance weights for
each scenario to represent the relative importance and range of acceptable cost for each de-
mographic type. The calculated values of the 3D voxel units for each scenario are displayed
in Figure 10 and summarized by class distribution in Table 3. The minimum suitability
threshold of the usefulness indicator further restricts the overall value scores compared
with the suitability scores and results in an increase in the number of unacceptable units
across all scenarios (Figure 10, Table 3). Conversely, the number of higher-value units has
decreased for Scenarios 2 and 3, but has actually increased significantly for Scenario 1. This
can be explained by the scenario’s relatively wide range in acceptable cost values for the
family demographic’s inexpensiveness indicator, which results in relatively high cost scores
at voxel unit alternatives that already possessed at least a moderate degree of suitability.
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Figure 10. Results of the cost–suitability analysis for (A) Scenarios 1, (B) 2, and (C) 3.
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Table 3. Number and percentage of units in each value class by scenario.

Suitability Class
Scenario 1 Scenario 2 Scenario 3

# of Units % of Units # of Units % of Units # of Units % of Units

Excellent
(0.88–1.00) 3878 7.89 82 0.16 8 0.01

Very Good
(0.71–0.86) 1770 3.60 2513 5.11 784 1.59

Good
(0.57–0.71) 3054 6.21 6812 13.86 3177 6.46

Average
(0.43–0.57) 7254 14.76 6939 14.12 3830 7.79

Poor
(0.28–0.43) 6010 12.23 4331 8.81 5379 10.94

Very Poor
(0.14–0.28) 3151 6.41 1644 3.34 4935 10.04

Unacceptable
(0.00–0.14) 24,013 48.87 26,809 54.56 31,017 63.13

In contrast, the number of higher-value voxel units in Scenario 2 has decreased as a
lower acceptable price range is assigned to the elderly demographic, which reduces the
desirability of higher-priced units. Working professionals are assigned a wider acceptable
cost range, but higher-priced units, which typically coincide with highly suitable units in
Scenario 3, receive lower inexpensiveness scores. Clearly, incorporating a cost requirement
is necessary as both an important factor in residential selection decision problems and a
strong influence on the overall unit value abundance and distribution. This analysis can
also be interpreted as an indicator of affordability as conveyance price is a proxy for market
value and the ability for the three demographic groups to afford a particular unit.

5. Conclusions

This research builds on the work of [14] by implementing a more advanced LSP–MCE
method and extending it to operate in a 3D GIS environment. The suitability scenarios
used in this study demonstrate the proposed method’s ability to effectively analyze the
suitability of thousands of 3D unit decision alternatives based on the distinct priorities,
requirements, and desires of different prospective resident demographic types. In addition,
the sensitivity analysis illustrated the 3D LSP–MCE method’s responsiveness to different
LSP structures as the results varied greatly across the three scenarios in terms of both the
abundance and distribution of units for each suitability class. More broadly, the study
provides evidence of the LSP method’s ability to accommodate various decision scenarios
and flexibility in decision logic for modeling human reasoning across a large number of
criteria. Furthermore, the cost–suitability analysis results support the need for incorporating
the cost factor into such decision problems, as it is integral to real-world residence selection
and can substantially alter alternative value outcomes.

Validation measures were not performed as the residential unit data layers were syn-
thetically created due to privacy and data availability issues, and the LSP criterion function
parameters by nature of the decision problem are highly subjective. Thus, the results are not
meant necessarily to inform home-buying decisions in downtown Vancouver, but rather to
demonstrate the functionality and application of the proposed 3D LSP–MCE method for a
dense built environment. However, if residential data, such as precise unit floor plans, were
available, the results would be improved through more accurate statistics of units under
each suitability class, as well as other potential metrics, such as total floor area or volume.
This study can be improved with more detailed residence data, such as information on the
number of bedrooms and bathrooms and market pricing. It could also further benefit from
more quantitative sensitivity analyses on other parameters, such as surveying prospective
residents to refine criteria weights and designation of mandatory/desired attributes, and
more accurate attribute analysis methods. For instance, inclusion of 3D vegetation data
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could change view attribute values considerably where lower units’ views are obscured by
street trees or privacy shrubbery. Transportation infrastructure could also affect view at-
tributes; however, this is not critical in the current study, where only one SkyTrain platform
and rail exists aboveground on the periphery of the study area.

The 3D LSP–MCE method could benefit fields of study that require analysis and
modeling of decision alternatives occurring across three dimensions, particularly where
large numbers of attributes are involved. The wide range of decision logic aggregators
allows for more expressive suitability values in 3D through criterion function structures that
better reflect human reasoning in comparison with more traditional MCE methods, such as
WLC, that implement a limited decision logic on a smaller number of criteria and produce
less variability in output 3D scores. The study could be extended by including more
relevant criteria, analyzing a larger study area of a built environment, or by considering
different user group requirements. In addition, it could be applied to much denser built
environments, such as those in Asian, US, or larger European cities, to examine and compare
the effects of different potential evaluation criteria and their aggregations. The proposed
method can assist urban planners and developers in assessing various urban development
scenarios by analyzing the impacts of new development on neighboring buildings. More
broadly, the 3D LSP–MCE approach developed in this research study can support spatial
decision-making in real time or in applications that require analysis and representation in
3D, such as management of the housing market, urban property, and tax assessments.
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