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Artificial intelligence (AI) is one of the most popular and promising technologies of our
time. While there is a clearer understanding on the role of AI in boosting the efficiencies at
private companies, government agencies and urban management, there is ambiguity on the
specific contributions of AI to environmental sustainability. In this editorial commentary:
(a) the important role that AI could play in addressing global environmental sustainability
challenges is discussed; (b) the need for a consolidated AI approach to support the efforts
in addressing global environmental sustainability problems—e.g., meeting the global
sustainable development goals, developing smart and sustainable cities and regions, and
tackling the climate and biodiversity crises—is identified; (c) the emerging Green AI
concept that offers a consolidated AI perspective that is an essential step towards global
environmental sustainability is introduced; (d) the adoption of the Green AI approach
by industry, government, and not-for-profit organizations for addressing environmental
sustainability challenges of the planet and for improving the quality of lives of our societies
in cities is advocated. The editorial commentary also introduces the contributions to the
Special Issue on reviews and perspectives on smart and sustainable metropolitan and
regional cities.

Our planet reached its maximum human carrying capacity with 3.5 billion people in
1970 [1]; where human carrying capacity is defined as “the maximum rates of resource
harvesting and waste generation, the maximum load, that can be sustained indefinitely
without progressively impairing the productivity and functional integrity of relevant
ecosystems wherever the latter may be located” [2] (p. 203). Regrettably, over the last
five decades, we continued the practice of rapid population and also urban and industrial
growth beyond the limits of our planet’s carrying capacity [3].

This carrying capacity overshoot, also coupled with the excessive human activity that
is causing environmental degradation, resulted in a degraded carrying capacity state. These
overshoot and degraded carrying capacities have been changing the climate and causing
biodiversity losses at scale [4]. Biodiversity loss is inextricably linked to anthropogenic
climate change that jeopardizes global ecosystems services, including agricultural, forest,
marine, reef, costal, polar, mountain, island, and microbial ecosystems [5].

The unavoidable risk of facing catastrophic consequences, such as biodiversity col-
lapse, has triggered some global initiatives with an aim of to slow down or reverse the
existing growth processes. As the successor of the 2020 Millennium Development Goals,
in 2015, United Nations (UN) adopted 2030 Sustainable Development Goals (SDGs), as
the blueprint to achieve a more sustainable future for all [6]. UN’s SDGs contain 17 goals
that consist of 169 targets [7]. The same year, UN delivered a universal and legally binding
climate change deal—i.e., The Paris Agreement on climate change [8]. In 2018, the Inter-
governmental Panel on Climate Change (IPCC)—the world’s most authoritative body on
climate science—released its special report (i.e., Global Warming of 1.5 ◦C) revealing the
impacts of 1.5 ◦C global warming on natural and human systems [9].

Additionally, 2019 European Green Deal provided action plans to boost the efficient
use of resources by moving to a clean and circular economy, restore biodiversity, and
cut pollution—2020 US Green Deal and 2021 The Biden Climate Plan also have similar

Sustainability 2021, 13, 13508. https://doi.org/10.3390/su132413508 https://www.mdpi.com/journal/sustainability
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goals [10]. The latest IPCC report, released in 2021, was a code red declaration for humanity,
and a warning for “world leaders to drastically scale up their plans to curb carbon dioxide
emissions if humanity is to avoid the worst consequences of a warming world” [11] (p. 8).

In an era that is desperately seeking environmental sustainability, besides these global
UN-led initiatives, the last few years have also witnessed global level grassroots move-
ments for climate and environmental action. The ‘Fridays for Future’ global climate strike
movement started in 2018, when Greta Thunberg initiated school strikes for climate [12].
In the same year, the Extinction Rebellion global environmental movement began with
about 100 academics signing a call to climate action, and continued with civil disobedient
events [13]. Following these, some nations (Scotland being the first, 23 national govern-
ments have declared a climate emergency) and local governments (Darebin City Council,
VIC, Australia being the first, 1990 local councils have declared a climate emergency)
declared climate emergencies [14]. Most recently, during the 2021 United Nations climate
change conference (COP26), 200 countries have been asked for their plans to cut emissions
by 2030 [15].

Whilst the promising efforts at both fronts—i.e., UN and grassroot level initiatives—
are putting increasing pressure on political leaders and fossil fuel companies, and rising
awareness among the societies, the immediate gains have been so far limited [16]. Nonethe-
less, there are also other efforts to contribute to addressing global environmental challenges.
Benefiting from digital data, technology and innovation is one of them [17–19].

Among the innovative technologies, artificial intelligence (AI) is considered as the
most promising and prominent one [20]. AI is being applied in a wide spectrum of areas
to address their central challenges in both public and private sectors [21,22]. These areas
range from human resources to customer relationship, from law to security, from decision
automation to education, from agriculture to mining, transportation to gaming, and many
more [23–30].

AI is also being utilized in the environmental monitoring and protection and natural
resource management areas [31,32]. Just to give some examples, AI is becoming an integral
part of autonomous marine environmental monitoring [33], wildlife monitoring [34], envi-
ronmental surveillance and flood protection [35], water quality modeling [36], biodiversity
assessment [37], detecting natural disasters, damage, and incidents in the wild [38,39], and
climate change modeling and preparedness [40].

This viewpoint advocates the need for appropriate technocentric instruments, in
parallel to the ongoing policy and awareness efforts, for combatting climate change and its
extreme weather events, and delivering SDGs. Against this backdrop, the remainder of
this viewpoint focuses on elaborating the important role the Green AI approach could play
in tackling global environmental sustainability challenges.

In recent years, the exponentially increasing technical capabilities and rapidly growing
application areas have turned AI into one of the most popular technologies of our time [41].
AI, in a broad sense, is seen as “computational agents that act intelligently and perceive
their environments in order to take actions that maximize chances of success” [42] (p. 148).
AI, more specifically, is an umbrella term used for rules-based systems encompassing, but
not limited to, machine and deep learning systems, neural networks, natural language
processing, predictive analytics, computer vision, and robotics [43].

At present, there is a relatively clear understanding on AI’s role in boosting the effi-
ciencies at private companies and government agencies [44], as it has been experimented
or adopted in pretty much in all industry sectors and in a wide spectrum of government
services at varying levels [45]. When it gets to the role of AI in addressing global envi-
ronmental sustainability problems (e.g., degradation of the natural environment and the
climate crisis), there is much ambiguity. One of the leading reasons for this ambiguity has
been the lack of or limited public (due to political short sightedness) and private (due to no
or low profitably) sector interest in developing, adopting, and deploying AI for environ-
mental sustainability—besides some small-scale demonstration projects and government
initiatives [46]. However, in recent years we observe an increasing willingness and interest
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in both public and private sectors. The main reasons for this involve adoption of new
national policies, such as Green New Deal, and associated business growth potentials in AI
for environmental sustainability [47].

In other words, while AI is at our service for improving efficiencies in businesses and
government services, AI utilization for environmental sustainability seems to be, at least
for now, at a degree of neglect [48]. Nonetheless, there exist, and some on the horizon,
promising research and practical solutions of AI for environmental sustainability. Just
to give some examples, AI is currently being utilized for assessing ecosystem services,
detection and conservation of species, modeling climate change, natural disaster forecast-
ing, waste and wastewater treatment, and so on so forth [49–51]. While the benefits of
AI for environmental sustainability are evident from small-scale project initiatives and
hypothetical or qualitative tests [52], these solutions have not been applied at scale in the
real-world [53].

On the abovementioned point of the benefits of AI, for instance, the study by [54] (p. 2)
scrutinized the role of AI in achieving SDGs and disclosed that “AI may act as an enabler
on 134 targets (79%) across all SDGs, generally through a technological improvement,
which may allow to overcome certain present limitations. However, 59 targets (35%, also
across all SDGs) may experience a negative impact from the development of AI”. Likewise,
a study by [55] (p. 2), on whether AI enables environmental sustainability, revealed that
“when SDGs related to society, economy, and environment were analyzed, it was observed
that the environment category has the highest potential, with 93% of the targets being
positively affected, whereas society has the largest negative effect with 38% of the targets
exhibiting a negative interaction with AI”.

The growing literature in the field also supports the abovementioned findings. For
instance, a study by [56] (p. 283) disclosed that “AI can represent the vehicle to meet
the SDGs allowing for the identification of the cultural change required by enterprises to
achieve sustainability goals. Thus, business companies, academic research practitioners,
and state policy should focus on the further development of the use of AI for sustainable
development”. Moreover, the authors of [57] underlined that the integration of AI into
the SDGs initially happened through experimentation, and in most recent years through
sustainable management and leadership programs. These programs concentrated on: (a) AI
and the water crisis; (b) AI and the agriculture; (c) AI and sanitation and health.

Moreover, in [58] the authors warned us about the risks AI poses to the achievement
of SDGs, with particular vulnerability for developing countries. Additionally, the authors
of [59] revealed insights into public perception of linkages, synergies, and trade-offs
between AI and SDGs. Likewise, according to [60] (p. 98), in support of SDG 14, “seas
and oceans can be explored using submarine AI robots, such as Stanford’s OceanOne.
Marine resources can be monitored through AI-driven smart stationary and mobile sensors.
Illegal fishing activities as well as marine life migration can be tracked through pattern
recognition”, and as for SDG 15, “AI can monitor different aspects of life on land, such as
species health, land use changes, food security and nutrition, noise levels, weather-related
stresses, and disease vectors and outbreaks. Predictive analytics can generate insights
about population and desertification trends and the spread of epidemics”.

In sum, numerous studies emphasized the critical importance of achieving founda-
tional SDGs in reducing global risks [61], and many others discussed the role AI is playing
and also could play in assisting the delivery of these goals by unlocking enormous sens-
ing, data collection, analysis, prediction, and intervention capabilities [62]. Nevertheless,
“given the fact that AI’s internal decision-making process is non-transparent, some experts
consider it to be a significant existential risk to humanity, while other scholars argue for
maximizing the technology’s exploitation” [60] (p. 95). This brings the importance of AI to
be utilized for SDGs based on the principles of the technology being responsible, ethical,
trustworthy, explainable, and also sustainable [63]. As elaborated by [64] “laissez-faire AI
is a dangerous political choice”.
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The next section introduces the Green AI approach as an essential instrument for
achieving global environmental sustainability.

Addressing the colossal environmental challenges call for a sustainable approach [65].
This approach also requires a new AI conceptualization and practice—i.e., Green AI—
that involves a green-based technological perspective in the AI industry [66,67]. The
green perspective includes “switching to an environmentally sustainable AI infrastructure,
employing green sensing, watching for AI rebound effects, mandating AI transparency,
accounting for the entire AI ecosystem, making non-energy policy a standard practice,
integrating AI and climate policy, curbing the use of AI to extract fossil fuels, and addressing
AI’s impact on climate refugees” [68] (p. 1). In other words, as stated by [69] (p. 3) “green
AI accommodates green sensing and moves away from short-term efficiency solutions
to focus on a long-term ethical, responsible and sustainable practice that will help build
sustainable urban futures for all”.

This is to say, the Green AI approach moves away from short-term efficiency solutions
to focus on a long-term ethical, responsible, and sustainable AI practice that will help
build environmentally sustainable futures for all [70,71]. Making AI green, hence, requires
adopting bias free, inclusive, trustworthy, explainable, ethical, and responsible principles to
the AI technology that aims to alleviate the developmental challenges of the planet in a sus-
tainable way [72,73]. This green approach, using AI to solve environmental sustainability
challenges and using AI in a more sustainable way, can also serve as an enabler of smart and
sustainable urban transformation or smart city development/transformation—as urbaniza-
tion accounts for the majority of human activities that generate negative environmental
externalities [74].

Growing technical capabilities and increasing application areas have turned AI into
one of the most popular technologies of our time. Particularly, AI, when wisely harnessed
for sustainability-inducing projects and applications, has the capacity to support SDGs [75].
Fortunately, at a time that we are desperately seeking environmental sustainability to not
risk our existence on the planet [76], Green AI comes as a promising concept to adopt. In
developing successful Green AI practices, the following AI for environmental sustainability
principles are of significant importance [77] (pp. 8–9):

“(a) AI for environmental sustainability should be viewed from a multilevel view, as a
multilevel view will help to build better models by capturing the complexity inherent in
the real-world; (b) AI for environmental sustainability should be viewed from a system
dynamics perspective, as a system dynamics perspective will capture interactions and
feedback loops among the technology, users, and other stakeholders; (c) AI for environ-
mental sustainability should be approached from a design thinking approach, as a design
thinking approach will help to minimize potential unintended consequences and improve
the effectiveness of AI solutions; (d) AI for environmental sustainability should incorporate
environmental psychology and sociology perspectives, as understanding the psychological
and sociological underpinnings of human response is necessary for effective long-term
solutions, and; (e) AI for environmental sustainability should examine the economic value
of AI for sustainability to develop our understanding of how AI differs from conventional
information systems.”

The successful Green AI practice also depends on effective government regulation
and administration. Unfortunately, up until now there has been limited efforts to regulate
AI [78,79]. The most notable effort is the European Commission’s legal framework on AI
that addresses the risks of AI [80]. However, there is no clear reference in the European
Commission’s regulation to the AI for environmental sustainability. Still, substantial work
is needed to answer the following questions: what needs be done to develop Green AI
at the policy level, how Green AI development can be supported by the administrations,
what kind of mistakes should be avoided on the road to Green AI, how we can learn from
best or good Green AI practices, and what types of legal liabilities should be considered.
These questions form the basis of a new research agenda for scholars to investigate, and
also practitioners and government officials get involved in the debates and discussions
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in establishing a sound policy—in support of Green AI as an essential instrument for
achieving global environmental sustainability.

In their paper [81] (p. 13), on the past, present, and future of AI, the authors stated that
“nobody knows whether AI will allow us to enhance our own intelligence, as Raymond
Kurzweil from Google thinks, or whether it will eventually lead us into World War III,
a concern raised by Elon Musk. However, everyone agrees that it will result in unique
ethical, legal, and philosophical challenges that will need to be addressed”.

Developing and implementing the Green AI approach is one of these challenges that
needs urgent attention; as the IPCC report [82] highlights, climate change is widespread,
rapid, and intensifying, and our planet will reach temperature rise of about 1.5 ◦C in only
around a decade.

Furthermore, most recently, as an outcome of COP26, the role that advanced digital
technologies, such as AI, could play in addressing planetary challenges has been better
comprehended by a number of countries; for example, Australian Government’s new
‘technology-led approach’ to emissions reduction is one of the most prominent national
climate change strategies in Australia [83]. While for politicians greenwashing [84] and
technowashing [85] are, at times, applied methods to divert attention from the core issues,
we hope for the sincerity of the current Australian Government administration, and others,
for the use of technology for achieving sustainable outcomes and in a sustainable way [86]—
as in the Green AI approach.

Against the above editorial commentary, the Special Issue on reviews and perspectives
on smart and sustainable metropolitan and regional cities contributes to the efforts in
improving research and practice in smart and sustainable metropolitan and regional cities
and urbanism. The Special Issue brings together the key literature review and scholarly
perspective pieces and forms an open access knowledge warehouse. It offers insights
into research and practice in smart and sustainable metropolitan and regional cities by
producing in-depth conceptual debates and perspectives, insights from the literature and
best practice, and thoroughly identified research themes and development trends. The
Special Issue, hence, serves as a repository of relevant information, material, and knowledge
to support research, policymaking, practice, and transferability of experiences to address
the challenges in establishing smart and sustainable metropolitan and regional cities and
urbanism in the era of climate change, biodiversity collapse, natural disasters, pandemics,
and socioeconomic inequalities.

The Special Issue includes the following 16 commentary, perspective, review, and
research papers with the input of 58 urban scholars from Australia, Bangladesh, Brazil,
China, Korea, Saudi Arabia, Spain, Spain, Sweden, Thailand, Turkey, the UK, and the US:

1. Greening the artificial intelligence for a sustainable planet: an editorial commentary.
2. The lived experience of residents in an emerging master-planned community [87].
3. Making the Gold Coast a smart city: an analysis [88].
4. Leveraging smart and sustainable development via international events: insights

from Bento Gonçalves Knowledge Cities World Summit [89].
5. Sustainable smart cities and industrial ecosystem: structural and relational changes

of the smart city industries in Korea [90].
6. Redesigning the municipal solid waste supply chain considering the classified collec-

tion and disposal: a case study of incinerable waste in Beijing [91].
7. Empowering a sustainable city using self-assessment of environmental performance

on Ecocitopia platform [92].
8. Sustainability understanding and behaviors across urban areas: a case study on

Istanbul city [93].
9. Overview and exploitation of haptic tele-weight device in virtual shopping stores [94].
10. Framing corporate social responsibility to achieve sustainability in urban industrial-

ization: case of Bangladesh ready-made garments [95].
11. Data-driven analysis on inter-city commuting decisions in Germany [96].
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12. Exploring the role of digital infrastructure asset management tools for resilient linear
infrastructure outcomes in cities and towns: a systematic literature review [97].

13. Blockchain and building information management (BIM) for sustainable building
development within the context of smart cities [98].

14. Green artificial intelligence: towards an efficient, sustainable and equitable technology
for smart cities and futures [99] (Yigitcanlar et al., 2021).

15. Towards Australian regional turnaround: insights into sustainably accommodating
post-pandemic urban growth in regional towns and cities [100].

16. Social capital and sustainable social development: how are changes in neighborhood
social capital associated with neighborhood sociodemographic and socioeconomic
characteristics? [101].

This collection of papers focused on answering the overall questions of this Special
Issue—namely, what the critical aspects of smart and sustainable metropolitan and regional
cities are, and how we can construct such cities that are resilient to the increasing severity
and frequency of climate change effects, biodiversity loss, natural disasters, and pandemics,
and are the generators of socioeconomic equalities, and are the vehicles of delivering SDGs
for a sustainable planet.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: The development of social capital is acknowledged as key for sustainable social devel-
opment. Little is known about how social capital changes over time and how it correlates with
sociodemographic and socioeconomic factors. This study was conducted in 46 neighbourhoods in
Umeå Municipality, northern Sweden. The aim was to examine neighbourhood-level characteristics
associated with changes in neighbourhood social capital and to discuss implications for local policies
for sustainable social development. We designed an ecological study linking survey data to registry
data in 2006 and 2020. Over 14 years, social capital increased in 9 and decreased in 15 neighbourhoods.
Higher levels of social capital were associated with specific sociodemographic factors, but these
differed in urban and rural areas. Urban neighbourhoods with a higher proportion of older pen-
sioners (OR = 1.49, CI: 1.16–1.92), children under 12 (OR= 2.13, CI: 1.31–3.47), or a lower proportion
of foreign-born members (OR= 0.32, CI: 0.19–0.55) had higher odds for higher social capital levels.
In rural neighbourhoods, a higher proportion of single-parent households was associated with higher
levels of social capital (OR = 1.44, 95% CI = 1.04–1.98). Neighbourhood socioeconomic factors such as
income or educational level did not influence neighbourhood social capital. Using repeated measures
of social capital, this study gives insights into how social capital changes over time in local areas and
the factors influencing its development. Local policies to promote social capital for sustainable social
development should strive to integrate diverse demographic groups within neighbourhoods and
should increase opportunities for inter-ethnic interactions.

Keywords: social capital; neighbourhoods; sustainable social development; ecological study; ordinal
logistic regression; northern Sweden

1. Introduction

Following the UN Sustainable Development Goals, set in Agenda 2030, social sus-
tainability has increasingly become a goal for urban policy and planning and for local and
regional developmental strategies. Social sustainability is the least-developed dimension
of the sustainable development discourse [1], compared to environmental and economic
sustainability. Still, there is an agreement that social sustainability implies values such as
e.g., social inclusion, social interaction and participation, safety, and a sense of cohesion in
local areas [2,3]. Sustainable social development thus indicates a process of change towards
specific social values. However, due to “conceptualizations and definitional concerns,”
assessment and measurement of social sustainability remains a challenge [1]. Social capital,
defined as “social networks, the reciprocities that arise from them and the value of these
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for achieving mutual goals” [4] is viewed as a crucial part of social sustainability [5,6].
Therefore, developing or strengthening social capital could be seen as a means for how the
process of sustainable social development could be shaped and assessed [6,7]. The concept
of social capital is rather well defined and operationalized [8], with significant contributions
from scholars such as Robert Putnam [9,10] and Alejandro Portes [11]; hence, it could be
a useful indicator for measuring social sustainability. Social capital is also increasingly
acknowledged as key in urban and local development for ensuring and assessing social
sustainability. Accordingly, a neighbourhood high in social capital could be viewed as
being socially sustainable. However, little is known about the processes through which
local social capital is generated and how it changes over time [12]. Most research has
focused on the definition and function of social capital. In contrast, less emphasis has been
put on how social capital could be developed, what institutional and political conditions
facilitate its development, and how cultural changes influence the development of social
capital [13]. This study tries to fill this gap by using repeated measures of neighbourhood
social capital to investigate how it changes over time and what factors exist that might
influence the development of social capital, and thus social sustainability, in local areas.

There are some examples of studies reporting from interventions designed to strengthen
social capital in local areas. These studies underline the importance of investments in the
physical environment, such as setting up attractive meeting places [14,15], arranging
requested and inclusive community activities [16,17], and ensuring access to local meet-
ing places such as libraries and cafés [18,19]. These interventions focus on meso-level
interactions for social capital to be strengthened in local communities.

A related question asks if and how neighbourhood social capital is influenced by the so-
ciodemographic and socioeconomic composition of people living in an area. The economic
literature has emphasised that community heterogeneity (racial and ethnic diversity and
income inequality) tends to erode trust and reduce civic engagement (and hence social
capital). Drawing on data from the World Values Survey and the European Values Survey
on civic engagement over time in Western European countries, Costa and Khan [20] found
that high levels of ethnic heterogeneity were associated with lower levels of participation
in various organisations in almost all countries. Interestingly, they found Sweden to be an
exception with relatively high levels of civic engagement despite comparable high-income
inequality and ethnic heterogeneity [20]. Whether this pattern holds at local and neighbour-
hood levels in the Swedish setting remains unknown. Further, a study from Philadelphia,
USA [21] found that neighbourhood social capital was associated with racial composition
(higher levels of social capital in neighbourhoods with less than 50% black residents) and
socioeconomic disadvantage (lower levels of social capital in neighbourhoods with a high
proportion of people with low income and low educational levels). However, since social
capital is context-specific, these patterns may differ in various community contexts and at
different spatial levels (national vs regional, municipal, and neighbourhood). Thus, further
explorations on how the composition of people influences the development of social capital
and social sustainability in different settings are needed, not least in local areas where
urban planning and policy for social sustainability take place. In addition, most research
on social capital tends to be cross-sectional, making it hard to rule out causal inference and
changes over time. This current study contributes to further understanding the factors
that may influence social capital development in local areas, by measuring social capital
changes over time in 46 neighbourhoods in northern Sweden.

Given its multidimensional and context-specific feature, the measurement of social
capital and comparability between studies pose a challenge. Social capital consists of
different dimensions (structural and cognitive) and forms (bonding, bridging, and linking)
and can be measured at the individual, family, organisational, as well as area levels [8,22].
In addition, area-specific social capital can be simultaneously conceptualized at different
levels such as national, regional, municipal, and neighbourhood levels, which is why the
level of analysis (spatial scale) needs to be carefully considered in any study. An association
that holds true at the country level might not be valid at the neighbourhood level, and vice
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versa. The effect of social capital on, e.g., well-being, might also differ between various
contexts. Based on national data from the Netherlands, Mohnen et al. [23] found a stronger
positive health effect of area-specific social capital in urban areas than in rural areas, even
though the overall level of social capital was lower in the city. The authors [23] claimed
that these results support the hypothesis that access to social capital does not necessarily
imply actual benefits from it.

Many studies so far have used aggregated individual data on trust and social par-
ticipation to measure area-specific social capital, but the need for indicators that relate
more clearly to the local area have been raised [22,24,25]. In the present study, we used
a previously developed instrument to measure neighbourhood social capital based on
questions related to people’s perceptions about social values in their neighbourhoods [26].
This instrument was previously used in a baseline survey from 2006 with the same neigh-
bourhood division. In this follow-up study, we analysed the development of social capital
in the same neighbourhoods over 14 years.

In sum, in this study we used repeated measures of neighbourhood social capital
in urban and rural neighbourhoods in a municipality in northern Sweden, as an indi-
cator for social sustainable development. The overall aims were to examine changes in
neighbourhood social capital in relation to neighbourhood-level sociodemographic and
socioeconomic characteristics over time and to draw out implications of these findings for
local policies aiming to strengthen social capital for socially sustainable development.

In the next section, we present the study context and the linkages of data from the
social capital surveys in 2006 and 2020 and the Swedish register data, which provide
the ecological, neighbourhood-level social capital, sociodemographic, and socioeconomic
data employed in this study. In the results section, we map the distribution and changes
in neighbourhood social capital in choropleth maps and analyse sociodemographic and
sociodemographic factors associated with neighbourhood social capital. Next, we discuss
and contextualise the positive and negative changes in neighbourhood social capital and
its associated factors observed in this study. Finally, we reflect upon the strengths and the
weaknesses of the study and its implications for local policies aiming to strengthen social
capital for socially sustainable development.

2. Material and Methods

2.1. Research Setting

We conducted this study in Umeå Municipality, one of northern Sweden’s fastest-
growing and most-populous cities. Its population has increased from approximately
111,235 inhabitants in 2006 to 130,224 residents at the beginning of 2020, with an annual
growth rate of approximately 1.5% [27]. Umeå Municipality expects to host 200,000 inhabi-
tants by 2050. This continuous and rapid growth rate (at least from a Swedish perspective)
poses challenges regarding housing and social sustainability. The municipality has acted
to ensure that the city will grow sustainably—socially, ecologically, culturally, and eco-
nomically. So far, the Umeå region ranks high in social progress based on indicators of
basic human needs and foundations of well-being [28]. In addition, Umeå is considered
a relatively egalitarian municipality since it has no neighbourhoods defined as “socially
vulnerable.” The Swedish police authority has identified 61 socially vulnerable neighbour-
hoods in Sweden, characterised by high crime, insecurity, and social exclusion, and none
of these neighbourhoods are located in northern Sweden [29]. As Umeå Municipality hosts
one of the largest universities in Sweden, its population is relatively young (average age
of 38) and highly educated. The municipality encompasses rural and urban areas with
different characteristics, and about 16% of the population lives in rural areas. Urban neigh-
bourhoods typically contain mixed settlements with rental and tenant-owned apartments
and detached houses, while rural neighbourhoods are mainly villages typically containing
villas and farms.
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2.2. Study Design

This study was conducted within a broader research project about the role of social
capital in the design of health-promotive and socially sustainable neighbourhoods [30].
We designed this study as an ecological study across neighbourhoods in Umeå Municipality.
We defined neighbourhoods as the residential environments where people interact daily
by sharing a common service area and local identity. This definition implies a specific
geographical area with a locally used name and geographical borders. The residential
subdivision follows officially recognised neighbourhoods, as defined by the municipality
and people in general based on local knowledge (i.e., by defined neighbourhood and village
names). We identified the geographical borders of each neighbourhood by using postcode
areas and municipal area maps. Since postcode sectors are small administrative units, we
merged several geographically close postcode sectors to fit the geographical borders of the
larger neighbourhood areas. In total, 46 geographic neighbourhood areas were identified,
of which 26 were urban districts, and 20 were rural villages.

2.3. Data Sources
2.3.1. Social Capital Surveys in 2006 and 2020

We generated information on neighbourhood social capital from two social capi-
tal surveys conducted in 2006 (n = 5768 individuals) and 2020 (n = 5881) in Umeå Mu-
nicipality. In 2006, Statistics Sweden randomly selected individuals who lived in the
46 neighbourhoods. In 2020, the number of individuals randomly selected and invited to
the survey in each neighbourhood was proportional to the size of the population in each of
the neighbourhoods. The survey was sent to 10,000 individuals in 2006 and 16,000 individ-
uals in 2020 and yielded a response rate of 58% and 37%, respectively. We utilised the same
neighbourhood divisions in both surveys. In 2020, we added new postcode areas to the
existing neighbourhoods and removed expired postcodes from respective neighbourhoods.
As we had information on postcodes for each survey respondent, we could aggregate
the survey responses for each neighbourhood to obtain the neighbourhood-specific social
capital level.

2.3.2. Outcome Variable: Neighbourhood-Level Social Capital

Both surveys utilised the same seven questions presented below to measure social
capital, which facilitated the comparison of the levels of social capital across neighbour-
hoods over time. We recorded the individual responses to these questions so that low
values signified low and high values signified high on each neighbourhood social capital
indicator. We replaced no opinion values with the mean value of the respective variables.

1. “Is it common in this neighbourhood that neighbours talk to each other?” (yes, very
common; yes, rather common; no, rather uncommon; no, very uncommon; no opinion.)

2. “In my neighbourhood, people are ready to help each other.” (About enough; too
much; too little; no opinion.)

3. “In my neighbourhood, one is expected to be involved in issues that concern this
place.” (About enough; too much; too little; no opinion.)

4. “In my neighbourhood, people care for each other.” (About enough; too much; too
little; no opinion.)

5. “Did you vote in the last (2006 and 2018) election?” (Yes; no.)
6. “During the last 12 months, have you participated in any social events?” (Yes; no.)
7. “Do you feel that you can trust people in general?” (Yes; no.)

We conducted a principal component analysis to reduce the dimension of these seven
correlated questions into a smaller number of uncorrelated components [31,32]. We retained
the first two components, which had an Eigenvalue larger than one. Both components
accounted for 48% of the total observed variance in the data. We used the cut-off of 0.3
or greater for factor loading to consider an item relevant to each component. The first
four items, which reflected place-related collective social capital, had high loading in
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the first component. In comparison, the remaining three items loaded higher in the
second component. We generated composite scores on a continuous scale for each of
the components. To align with the focus of this study on neighbourhood social capital,
we used only the first component for subsequent analysis since that component reflects
the local environment. The individual-level composite scores were then aggregated to
the neighbourhood level. The average composite scores were used as the proxy of the
neighbourhood social capital for each of the 46 neighbourhoods. Neighbourhoods with
high composite scores represent neighbourhoods with high social capital and vice versa.
We constructed the neighbourhood social capital scores separately for urban and rural
neighbourhoods in 2006 and 2020 since previous research indicates that social capital might
operate differently in urban versus rural areas [23]. Finally, we ranked the neighbourhoods
in each urban and rural area. We divided neighbourhoods into five groups in urban and
rural areas, from very low to very high social capital levels.

Previous research [10,33] has indicated that neighbourhood social capital is a stable
construct that does not change dramatically over time. Based on this assumption, we
assigned the same scores for neighbourhood social capital over 2006–2013 (based on the
2006 survey results) and 2014–2017 (based on the 2020 survey results).

2.3.3. Independent Variables

Statistics Sweden constructed aggregated neighbourhood-level socioeconomic and
demographic characteristics, available annually during 2006–2017. These variables were
extracted from Statistics Sweden’s longitudinal database, LISA, which comprises detailed
data on, e.g., health and unemployment insurance at the individual level. Data for all
persons aged 16 or older who are registered in the population in Sweden are available and
updated yearly in the LISA database [34].

For each neighbourhood, we obtained information about the proportion of households
in the neighbourhood with:

(i). at least one adult (aged 18+) with a higher level of education (i.e., at least three years
of post-secondary education);

(ii). at least one adult (aged 18+) foreign-born member (i.e., born outside Sweden);
(iii). receipt of cash welfare benefits during the last year (i.e., economic support from the

social services, indicating economic strain);
(iv). single parents;
(v). at least one child under 12 years old;
(vi). at least one adult (aged 18+) receiving unemployment benefits during the last year

(i.e., indicating periods of unemployment);
(vii). at least one family member being an older pensioner (i.e., being at least 60 years and

receiving a pension); as well as
(viii).the mean disposable household income.

2.4. Statistical Analysis

We conducted the descriptive analysis for sociodemographic and socioeconomic char-
acteristics in urban and rural areas for 2006 and 2020. We presented the level of social
capital for each neighbourhood based on the 2006 and 2020 surveys in a descriptive table.
We also visualised neighbourhood social capital in 2006 and 2020 and its changes in a choro-
pleth graph created in ArcGIS. To estimate the association between the sets of neighbour-
hood’s sociodemographic and socioeconomic characteristics and the neighbourhood-level
of social capital using the panel data during 2006–2017, we built a random-effect ordinal
logistic regression model with time (12 years during 2006–2017) at level 1 and with the
46 neighbourhoods at level 2. The regression model included the interaction terms between
sociodemographic and socioeconomic characteristics and the residential area (urban/rural).
We estimated the probability of belonging to different neighbourhood social capital levels
based on different sociodemographic and socioeconomic characteristics. All analyses were
done using Stata 16.0.
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3. Results

Table 1 summarizes the sociodemographic, socioeconomic, and social capital char-
acteristics in urban and rural neighbourhoods in Umeå Municipality in 2006 and 2017.
Over 11 years, the proportion of households in urban and rural areas with at least one
adult with a high level of education, one foreign-born member, older pensioners, and the
mean disposable income increased. There were no marked changes in the proportion of
households with children under 12 years old. In contrast, the proportion of households that
received cash welfare benefits or unemployment benefits, and those with single parents,
decreased during the same period. On average, the proportion of individuals in urban
and rural neighbourhoods who reported that neighbours talk to each other, help each
other, are involved in issues concerning the place, and care for each other changed only
marginally during the same period. The proportion of individuals in urban and rural areas
responding that neighbours care for and help each other was higher in 2017 compared
to 2006, indicating an overall increase in some of the social capital indicators in Umeå
Municipality over time.

Table 1. Socioeconomic/demographic and social capital characteristics of urban and rural neighbourhoods in Umeå
Municipality in 2006 and 2017.

Characteristics

Urban Areas Rural Areas

2006 2017 2006 2017

Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

Socioeconomic and demographic
characteristics

% households with at least one adult with
higher education 26.9 (23.3–30.5) 32.1 (28.7–35.4) 24.1 (21.2–27.1) 31.5 (27.9–35.1)

% households with at least one foreign-born
adult member 11.7 (9.6–13.8) 15.7 (12.7–18.7) 6.7 (5.7–7.8) 8.6 (7.3–9.9)

% households with cash welfare benefits 4.7 (3.4–6.0) 3.0 (2.2–3.8) 1.9 (1.2–2.5) 1.0 (0.4–1.5)
% households with a single parent 6.8 (5.5–8.2) 6.2 (5.2–7.2) 6.8 (6.2–7.4) 6.6 (5.9–7.2)

% households with children under 12 years old 13.9 (10.4–17.4) 14.3 (11.0–17.5) 23.5 (21.3–25.6) 23.9 (21.5–26.4)
% households with unemployment benefits 11.7 (11.1–12.3) 3.4 (3.0–3.7) 10.5 (9.7–11.3) 3.6 (3.2–4.0)

% households with older pensioners 15.9 (12.7–19.2) 18.9 (15.7–22.1) 23.3 (21.1–25.6) 25.8 (23.5–28.2)
Mean disposable income (in thousand SEK) 1703 (1577–1829) 2474 (2292–2656) 1972 (1770–2175) 2821 (2724–2917)

Social capital characteristics *
% who reported that neighbours talk to

each other 74.9 (67.0–82.7) 74.4 (66.9–81.9) 97.3 (95.8–98.8) 96.7 (95.4–98.0)

% reported that people ready to help each other 83.2 (80.1–86.3) 85.0 (82.1–87.9) 92.5 (90.6–94.4) 94.0 (92.5–95.5)
% reported involvement in issues

concerning place 83.3 (80.8–85.8) 82.0 (79.1–84.8) 85.8 (83.1–88.5) 88.2 (86.6–89.8)

% reported people care for each other 81.2 (77.4–85.1) 83.2 (79.5–86.9) 93.5 (91.9–95.1) 94.3 (92.8–95.9)

Note: * All the percentages are unweighted.

Figure 1 shows the spatial distribution of the five levels of neighbourhood social
capital in urban and rural areas in Umeå Municipality in 2006 and 2017. Almost half
of the neighbourhoods, and especially those in the urban area, were categorised into
the same quintile in terms of their level of social capital at the two different points of
observation (Appendix A). Only one neighbourhood in the urban area, Umedalen, moved
by two quintiles, from being at the lowest quintile of (very low) social capital in 2006 to the
third quintile (medium social capital) in 2017. Otherwise, the other neighbourhoods with
changes in their levels of social capital either moved up or moved down by one quintile
of the level of social capital. In contrast, in the rural area, some neighbourhoods moved
up by two or even four quintiles (Botsmark and Sörmjöle moved from being in the lowest
quintile with very low social capital in 2006 to the highest quintile, very high in 2017).
Some neighbourhoods, such as Täfteå and Hissjö, had lower levels of social capital in
2017 (they moved from the fifth quintile, high, in 2006 to the 2nd quintile, low, in 2017).
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In total, four of the urban neighbourhoods increased their levels of social capital, while
five neighbourhoods decreased their social-capital levels. In the rural areas, five villages
increased their social-capital levels, while ten villages decreased their social-capital levels
(Appendix A).

  

Figure 1. Levels of social capital across 46 neighbourhoods in 2006 and 2017 in Umeå Municipality, as well as changes in the
levels of social capital.

Appendix B shows the five levels of social capital in urban and rural neighbourhoods
in 2006 and 2017, with the corresponding distributions of responses to the four social capital
indicators (neighbours talk, neighbours help, expected to be involved, and neighbours care).
The darker gradient colours represent a higher proportion of responses to the questions.
As expected, a higher proportion of people in rural neighbourhoods responded positively
to these indicators. It is important to note that even if a neighbourhood moved up or
down in the overall social capital level (which was derived as a composite estimate of
all the indicators), average responses to a single indicator might show a reverse pattern.
For example, Ö Ersboda changed from being categorised as a neighbourhood with low
social capital in 2006 to very low social capital in 2017. Looking at the single indicator,
however, the proportion of respondents who reported that neighbours talked to each other
increased from 73% in 2006 to 82% in 2017.

Figure 2 presents the odds ratio of an urban or rural neighbourhood having a higher
level of social capital based on their socioeconomic and sociodemographic characteris-
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tics. In the urban area, having a higher proportion of households with older pensioners
(OR = 1.16, 95% CI = 1.01–1.34) or children under 12 years old (OR = 1.38, 95% CI = 1.11–1.70)
were significantly associated with the probability of having a higher level of social capital.
In contrast, the higher the proportion of households in a neighbourhood with at least one
foreign-born member, the lower the probability of the neighbourhood being classified as
having a higher level of social capital. A one percentage point increase in the proportion
of households with at least one foreign-born member was associated with a 41% lower
probability of the neighbourhood being classified as having a higher level of social capital.
None of the sociodemographic and socioeconomic variables in the rural area was associ-
ated with the probability of a higher level of social capital, except for the proportion of
single-parent households. A one percentage point increase in the proportion of single-
parent households was associated with a 44% higher odds for the neighbourhood to be
classified at a higher level of social capital (OR = 1.44, 95% CI = 1.04–1.98). As shown in
Table 1, the proportion of households with older pensioners and at least one adult not born
in Sweden increased by several percentage points in urban and rural areas between 2006
and 2017. In contrast, there were only marginal changes in the proportion of households
with children under 12 and single-parent households.

Rural area Urban area 

  

Figure 2. The odds ratio of a neighbourhood having a higher level of social capital based on their socioeconomic and
sociodemographic characteristics in Umeå Municipality during 2006–2017. Note: The odds ratios for urban and rural areas
were derived from the interaction terms between areas and each characteristic in a multivariable ordinal logistic regression,
adjusted for all the other characteristics.

While Figure 2 indicates the odds ratio of a neighbourhood having a higher level
of social capital, it does not provide details for each quintile, presented in Figure 3 and
Appendix C. Figure 3 illustrates the probability of belonging to the fifth quintile of neigh-
bourhood social capital (very high) based on different sociodemographic and socioeco-
nomic characteristics. A more complete version of the graph with a probability of belonging
to all the five different quintiles is presented in Appendix C. None of the results of the
fifth quintile in rural areas were significant. In urban areas, the higher the proportion of
households with at least one adult with a high level of education, receiving cash welfare
benefits, with children under twelve, with older pensioners, or with higher household
disposable income, the higher the probability that the neighbourhoods were classified in
the highest quintile of social capital, i.e., very high social capital. Meanwhile, the higher
the proportion of households with at least one foreign-born member or of single-parent
households, the lower the probability of a neighbourhood being classified in the highest
quintile of social capital.
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Figure 3. The probability of belonging to the fifth quintile of neighbourhood social capital—(y-axis)
based on different sociodemographic and socioeconomic characteristics (x-axis). The characteristics
include the proportion of households in the neighbourhood with: (A) at least one adult member with
higher education, (B) at least one foreign-born adult member, (C) receipt of cash welfare benefits
during the last year, (D) single parent, (E) at least one child under 12 years old, (F) at least one adult
member receiving unemployment benefits during the last year, (G) at least one family member being
an older pensioner, and (H) the mean disposable household income.

4. Discussion

This study examined changes in social capital in 46 urban and rural neighbourhoods
in Umeå, a fast-growing municipality in northern Sweden, as a proxy for social sustainable
development in the study setting. We analysed whether neighbourhood-level sociodemo-
graphic and socioeconomic changes were correlated with changes in neighbourhood social
capital. To our knowledge, only a few studies have used repeated measures of social capital
in local areas. Thus, our study contributes insights into how social capital changes over
time in local areas and the factors influencing its development. This knowledge can guide
local policies that aim to strengthen social capital to ensure sustainable social development.
However, further research from various cultural contexts on how neighbourhood social
capital and social sustainability change over time in local areas are needed, in order to
examine if our results are valid in other settings.

19



Sustainability 2021, 13, 13161

4.1. Changes over Time in Social Capital and Socioeconomic and Sociodemographic Factors

Overall, our results show a positive development of social capital in Umeå Municipal-
ity during 2006–2017. On average, in both urban and rural areas, the proportion of people
responding that neighbours care for and help each other was higher in the 2020 survey
compared to the 2006 survey. The other social capital components changed only marginally
over time. These findings mirror the results in the European Social Progress Index, showing
that the region of northern Sweden (in which Umeå Municipality is located) had the highest
score with regards to social development and quality of life, compared to other regions in
Europe, in 2016 as well as in 2020 [35]. However, the EU Social Progress Index measures
social progress at the overall regional level. At the same time, our results illustrate changes
in social progress (social capital) over time at a lower hierarchical spatial level (see [36]).
At the municipal level, this overall positive trend suggests that municipal strategies to
ensure social sustainable growth have been relatively successful. Among other things, the
municipality set up a commission for a socially sustainable Umeå, tasked with analysing
differences in living conditions between groups and geographic areas and providing con-
crete measures for sustainable social development throughout the municipality [37]. On the
other hand, the results also show how positive socioeconomic development accompanies
the overall positive development of social capital. Over the study period, the propor-
tion of households with at least one adult with higher education and mean disposable
income increased across both urban and rural neighbourhoods. During the same period,
the proportion of households receiving cash welfare benefits and unemployment benefits
decreased. Our findings indicate an overall positive association between economic security
and social capital at the municipal level, as suggested by others [10,38].

However, the overall positive trend in social capital over time in Umeå Municipality
was not consistently observed in all neighbourhoods. Our results show that 15 out of the
46 neighbourhoods (five urban and ten rural neighbourhoods) had a negative development
of social capital over the 14 years. These findings indicate that municipal strategies to
strengthen social capital to ensure social sustainability should balance municipal and
neighbourhood needs, which may vary. Thus, interventions might need to be designed
differently in different neighbourhoods to achieve sustainable social development in the
whole municipality.

Overall, the levels of social capital were higher in rural compared to urban neigh-
bourhoods. The proportion of individuals reporting that neighbours talk, help each other,
are involved in issues concerning their place, and care for each other was higher in rural
than urban neighbourhoods. More than 95% of the participants in rural areas reported
that neighbours talked to each other compared to around 75% in urban areas. Population
density has been previously linked to lower probability of neighbours interacting with
one another [39]. In smaller rural areas, it may be more natural for people to know each
other and talk to each other (or to depend on each other for daily support), whereas denser
urban settlements tend to produce fewer neighbourly interactions. Other studies have also
indicated that social capital is generally higher in rural compared to urban areas [10,23,40],
especially bonding social capital [41]. However, higher levels do not necessarily mean that
people living there benefit from it [23].

Further, our results support previous research suggesting that social capital is a
relatively stable characteristic in local areas that does not fluctuate too much over time,
at least not in a relatively stable society [10,33,42]. Almost half of the 46 neighbourhoods
retained their same social capital rank over 14 years, while 9 neighbourhoods increased
in social capital rank, and 15 neighbourhoods decreased in social capital rank. Still, it is
not unreasonable to believe that social capital fluctuates more in municipalities with rapid
population growth, such as Umeå: however, this warrants further investigations.

We completed our follow-up survey in early spring 2020, just before the outbreak of
the COVID-19 pandemic. To understand how the pandemic situation—with social restric-
tions such as staying at home and avoiding physical contact with other people—might
have affected local social capital, we conducted a subsequent telephone survey (during
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June–November 2020) among a sub-sample (i.e., non-responders to the 2020 survey) of
those who participated in the baseline survey in 2006 [43]. Contradicting other studies that
argued that the COVID-19 pandemic erodes social capital [44], our results showed that
neighbourhood social capital increased during the pandemic, particularly in high-social-
capital neighbourhoods. Our results are thus in line with previous research showing that
neighbourhoods and societies with high levels of social capital tend to be more resilient,
facilitate adaptation processes, and recover more easily (see, e.g., [45–47]). However, the
spatial scale is important to consider. It is not unlikely that a societal crisis such as a
pandemic could lead to a decrease in trust in authorities and politicians at the national
level and at the same time increase trust, help, and support between neighbours in local
areas, because people feel that one need to “stick together” to protect each other.

4.2. Factors Associated with Positive Changes in Neighbourhood Social Capital

Our main finding in this study was that higher levels of neighbourhood social capital
are associated with specific sociodemographic factors, but these factors differ in urban
and rural areas. In urban neighbourhoods, the probability of having higher social capital
increased significantly with a higher proportion of households with older pensioners and
households with children under 12 years in the neighbourhood. These results indicate that
social capital is higher in areas where people spend their time since one could assume that
families with children under 12, and retired people, are more bound to their living area and
thus spend more time in their neighbourhoods compared to people of working age. It is
reasonable to believe that people who spend time in their neighbourhood are also more
likely to contribute to the neighbourhood’s social climate. In line with this, a Dutch study
about social capital, neighbourhood attachment, and participation concluded that older
residents were more likely to participate in civic activities [48].

In rural neighbourhoods, the proportions of retired people and children under 12
were not associated with higher levels of social capital. Instead, a higher proportion of
single-parent households was associated with higher levels of neighbourhood social capital
in the rural areas, which is harder to interpret. This contradicts the conventional view
that single parents tend to be socially isolated from the mainstream of society. However,
Sweden has the highest proportion of single-parent households within the EU, with 34%
of all households with children [49]. Stavrova and Fetchenhauer [50] compared well-
being among single and partnered parents in 43 European countries. They found that, in
individualist countries in which single-parent families were a socially acceptable practice
(e.g., the Scandinavian countries), single parents did not report a lower level of well-
being than partnered parents. Thus, it might be that the high proportion of single-parent
households in Sweden, in combination with the overall organisation of the welfare state
with, e.g., proportional costs for childcare, makes single parents less excluded from social
life. Further, the proportion of households with children under 12 was considerably higher
in rural areas (around 24%) compared to urban areas (around 14%). Therefore, social
interaction in rural areas could potentially be more centred around family relations, with
less room for engagement in the neighbourhood/village as a whole. Thus, single-parent
households in rural areas might need to reach out to the broader village to mobilise help
and support. These actions, in turn, might create a social environment that positively
influences social capital in the whole village. A study from Austria [51] on urban–rural
differences in social capital found that people in rural areas reported more family contacts,
while people in urban areas reported more contact with friends. In sum, our study shows
that social capital might operate differently between different spatial areas in the same
municipality. Thus, interventions aiming to strengthen social capital to ensure social
sustainability in local areas need to carefully consider the specific local context in order
to adjust and plan the intervention in line with the specific needs and conditions of the
intervention setting.

Further, our findings demonstrate that higher levels of neighbourhood social capital
are mainly associated with sociodemographic rather than socioeconomic factors. None of
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the socioeconomic neighbourhood factors, i.e., mean of household income, reception of
welfare or unemployment benefits, or education level, were significantly associated with
having higher levels of neighbourhood social capital. It might be a characteristic of the
Swedish welfare state that the overall high level of social security translates to the absence of
a linkage between socioeconomic disadvantage and social exclusion, unlike less-generous
welfare states such as the USA or Japan.

However, when we estimated the subsequent probability of belonging to different
quintiles of neighbourhood social capital, we observed some significant (and unexpected)
results in some of the factors in the urban area. For example, the higher proportion of
households receiving cash welfare benefits, the higher the probability of belonging to the
fifth (very high) quintiles of neighbourhood social capital. Thus, our results do not fully
support the idea that high levels of neighbourhood social capital require a socioeconomic
prosperous environment, as suggested by others [21]. Even neighbourhoods with a high
proportion of households receiving cash welfare benefits (indicating a very low income
level) had very high social capital. In our study setting, the sociodemographic composi-
tion of people in a neighbourhood, rather than their socioeconomic position, influenced
neighbourhood interactions, help, and support (i.e., social capital).

4.3. Factors Associated with Negative Changes in Neighbourhood Social Capital

In rural neighbourhoods/villages, none of the sociodemographic and socioeconomic
variables were negatively associated with levels of social capital. On the contrary, in urban
neighbourhoods, an increase in the proportion of households with foreign-born adult
members was significantly associated with a decrease in the likelihood of having higher
social capital, even after controlling for all other sociodemographic and socioeconomic
variables. This finding is in line with other (contested) studies that have found that ethnic
diversity obstructs social capital development [20,21,52]. One proposed explanation is that
people tend to have lower trust in people dissimilar to themselves in terms of income,
religion, or ethnicity [53], thus eroding social capital. Consequently, neighbourhood inter-
actions could be harder to develop when people differ regarding ethnicity since “birds of a
feather flock together” [54]. Putnam’s [52] contested study, based on data from 41 different
communities in the US, found that people in ethnically diverse communities tended to
withdraw from both bonding (with similar people) and bridging social networks, thus
eroding social capital in general. Putnam’s claim, known as the “constrict claim,” was later
tested on the country level in Europe. Gesthuizen, van der Meer, and Scheepers [55] found
no support for Putnam’s hypothesis in European societies. Instead, the authors concluded
that economic inequality and the national history of democracy in European societies were
more critical for explaining cross-national differences in social capital in Europe.

Results about the negative influence of ethnic diversity on social capital and cohe-
sion have been criticised for not considering how low socioeconomic status influences
social interactions [56]. Another concern is that these results could be used to encourage
homogeneity and anti-immigrant policies rather than policies to encourage “strength in di-
versity” [56]. These conclusions and solutions could have detrimental effects since there is
strong evidence for how increased opportunities for interethnic contact facilitate interethnic
interactions, which stimulate both out- and in-groups’ trust and trust in neighbours [57].

Van de Meer and Tolsma reviewed 90 studies from different countries about the
effect of ethnic diversity on social cohesion [57]. In line with our results, they found
a consistent association between high ethnic heterogeneity and lower levels of within-
neighbourhood social cohesion. In contrast, they did not find any support for a negative
association between ethnic heterogeneity and inter-ethnic cohesion. They [57] discuss
that this finding supports the notion that ethnic diversity increases opportunities for
interethnic contacts, which further increases interethnic trust and thus social cohesion.
Further, beyond the spatial level of neighbourhoods, e.g., on a country level, they did
not find any consistent evidence that ethnic heterogeneity is negatively associated with
social cohesion. The authors [57] discuss that this could potentially be explained by
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ethnic heterogeneity obstructing the sense of shared social norms in the neighbourhood,
which creates uncertainty about how to socially interact with neighbours. However, this
uncertainty does not spill over to decrease social cohesion in the overall society since people,
in general, are able to distinguish between how they view their immediate environment
and how they view the world as such. In addition, van de Meer and Tolsma [57] found
that the negative association between ethnic heterogeneity and intra-neighbourhood social
cohesion was particularly strong in studies from the US (the only country with some
additional evidence for negative spill-over effects on general trust in society). Van de Meer
and Tolsma [57] discuss that this could be understood in light of the relatively high levels
of heterogeneity in the US, combined with the pronounced segregation of cities and the
persistence of ethnic inequalities. Segregation and ethnic inequalities obstruct interethnic
contact opportunities and are more likely to occur in a context where multicultural policies
are lacking. Taken together, this indicates that segregation, rather than ethnic diversity per
se, is the problem [58,59]. Hence, it might not be the percent immigrants that matters for
social cohesion; rather, it is the segregation of immigrants.

These results and arguments are important to consider in light of our current re-
sults. Sweden has traditionally had a generous immigration policy. However, this
changed dramatically in 2015 (during the refugee crisis when Sweden received more
than 160,000 asylum seekers), with the launching of a new, far more restrictive immigration
policy (first launched as a temporary law but made permanent in 2021). These changes
towards very restrictive migration legislation were accompanied by changes in public opin-
ions about immigrants, mirrored by the fact that the ultra-nationalistic and anti-immigrant
political party Sweden Democrats became the third-largest party in the parliament elec-
tions in 2018. Further, segregation and social inequality have increased significantly in
Sweden during the last few decades [60] and are now viewed as huge societal challenges.
This indicates that the patterns previously observed in the US with segregation, and ethnic
inequalities, could now be evolving in the Swedish context. Thus, we agree with van der
Meer and Tolsma [57] that policymakers need to consider the combination of heterogeneity,
segregation, and inequality to understand and target the potential adverse effect of ethnic
diversity for social capital and sustainable social development. Rather than concluding
that homogeneity is “good” for social capital and sustainable social development, policies
should focus on actions that can increase opportunities for interethnic contacts and, at the
same time, fight inequality and segregation.

Further research is needed on how to stimulate opportunities for inter-ethnic interac-
tions in local communities in various cultural settings. In addition, there is a need for more
studies on how to simultaneous strengthen social capital and ensure social sustainable
development at different spatial levels, such as overall municipal/city and neighbour-
hood levels. Strengthening within-neighbourhood ties and cohesion (i.e., bonding social
capital) might promote a social sustainable neighbourhood but at the same time lead to
polarizations and tensions at the municipal/city level, thus eroding social sustainability at
a higher spatial level. Qualitative studies exploring how different social groups experience
social capital, social inclusion, and social sustainability in various living environments (e.g.,
urban versus rural neighbourhoods) are also needed, as well as further investigations on
the role of social capital and social sustainability during societal crises such as a pandemic.

4.4. Strengths and Limitations

Using a similar tool and analytical approach in the social capital survey in 2006
and 2020 allowed us to have comparable data in comparing the changes in social capital
levels across neighbourhoods in Umeå Municipality. As we only had two data points
of measurement for social capital, we had to assume that the levels of neighbourhood
social capital did not change swiftly in between the surveys. We believe this assumption
is valid, considering the stable nature of social capital in a relatively stable community
in northern Sweden. The lack of access to neighbourhood registry sociodemographic
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and socioeconomic data for the years 2017–2020 limited the analyses to the period time
of 2006–2017.

5. Conclusions—Implications for Local Policies Aiming to Strengthen Social Capital
for Socially Sustainable Development

Sociodemographic, rather than socioeconomic, factors were associated with levels of
social capital at the neighbourhood level. Local policies aiming to strengthen social capital
for sustainable social development should therefore strive for neighbourhoods with mixed
sociodemographic groups, i.e., designing neighbourhoods that are attractive for families
with children, pensioners, and single-parent households. Ensuring that people (want to)
spend time in their neighbourhoods is essential for social capital and sustainable social
development. This could, e.g., imply planning for meeting places that attract different
groups of people, such as libraries, safe and enjoyable playgrounds for children, youth
centres for adolescents, and attractive recreation areas for older people. Local access to
shops, cafés, and restaurants could also increase social interactions and people’s interests
in spending time in their neighbourhoods.

Neighbourhood social capital operates and is associated with different factors in urban
and rural areas. Thus, policies to strengthen social capital as a means for ensuring sustain-
able social development need to consider the specific local area and adjust interventions
to the local needs. Hence, it is important to consider both the municipal and neigh-
bourhood conditions to ensure sustainable social development in the whole municipality.
Overall positive development in the municipality might not benefit all neighbourhoods
and vice versa. This requires careful mapping of local needs before implementing any
intervention. In some neighbourhoods, interventions to increase neighbour interactions
and social cohesion might be needed (i.e., strengthening bonding social capital), to ensure
social sustainability. In other neighbourhoods, it might instead be important to increase a
sense of inclusion in the municipality/city as a whole to ensure social sustainable develop-
ment. This could be done by, e.g., increasing involvement and representativeness by the
neighbourhood in municipal processes (i.e., building bridging and linking social capital).

Policies to strengthen social capital for sustainable social development should include
interventions that increase possibilities for inter-ethnic social contacts, since opportunities
for interethnic interactions increase interethnic relations, which in turn increases trust and
social cohesion. Supporting opportunities for inter-ethnic interactions requires conscious
municipal actions on how to fight segregation and discrimination and creating inclusive
and ethnically mixed school-settings, meeting places, and leisure activities. This could,
e.g., imply the strategic location of attractive leisure activities and schools to stimulate
the flow of people between neighbourhoods, which could then increase opportunities for
inter-ethnic contacts.
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Appendix A

 

 

Figure A1. Changes in neighbourhood-level social capital in 26 urban and 20 rural neighbourhoods
in Umeå Municipality between 2006 and 2017.
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Appendix B

 

Figure A2. Social capital indicators across different social capital quintiles in urban and rural areas in 2006 and 2017.
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Appendix C

Table A1. Probability of belonging to different quintiles of neighbourhood social capital (y-axis) based on different
sociodemographic and socioeconomic characteristics (x-axis).

1. The proportion of households with at least one adult with high education.

Rural

 
Urban

 
2. The proportion of households with at least one adult foreign-born member

Rural

 
Urban
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Table A1. Cont.

3. The proportion of households with cash welfare benefits

Rural

 
Urban

 
4. The proportion of households with single-parents

Rural

 
Urban
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Table A1. Cont.

5. The proportion of households with children under 12 years old

Rural

 
Urban

 
6. The proportion of households with an adult receiving unemployment benefit

Rural

 
Urban
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Table A1. Cont.

7. The proportion of households with older pensioners

Rural

 
Urban

 
8 Mean disposable income

Rural

 
Urban
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Abstract: Master-planned communities around the world are developed and purposefully planned
to address housing sustainability and community connectivity; they often have a distinctive look, and
appeal to a particular customer base desiring a strong, utopian-esque community. However, the lived
experience of new residents joining master-planned communities has not been explored. This paper
examines the lived experience of new residents within an emerging Australian master-planned estate,
and reports on the first two stages of a longitudinal study focusing on the results of an online forum.
This unique study presents real-life findings on a culturally diverse community. The findings reveal
how the purposeful development of community identity in the early stages of the MPCommunity
has not led to satisfactory levels of social infrastructure or social connectedness for the pioneering
residents. The physical and social environment, as interpreted by residents against the developers’
imagined vision and marketing testimonies, has not been entirely satisfactory. Infrastructure issues—
such as transport, and access to daily activities such as shopping, work, and school—were points of
frustration and dissatisfaction. The findings provide insight into the challenges and opportunities for
residents in a developing MPC, and further our understanding of the specific factors that inform us
as to how social infrastructure can best encourage and support connection within existing and future
MPC developments.

Keywords: master-planned estate; community; community identity; social connectedness; social
infrastructure: physical infrastructure; housing developments; longitudinal study

1. Introduction

Creating residential communities that provide housing and accommodation along
with an engaging environment that facilitates community connections has been a priority
for many cities and communities. There have been a variety of approaches to address-
ing this challenge, with recent development focusing on master-planned communities
(MPCs) [1]. MPCs are capital-intensive forms of master-planned estates (MPEs), purpose-
fully designed to encourage the development of community identity and connectivity [2].
Given recent global events, including COVID-19, providing insight into how MPCs are
experienced in the initial stages of their development, by people from diverse backgrounds,
is important to delivering sustainable communities [3]. This study explores the lived
experiences—specifically social connectedness—in an attempt to gain a better understand-
ing of the issues faced by a group of pioneer residents in relation to their everyday commu-
nity lives together in the early stages of MPC development; it does this by first examining
the notion of MPCs, and the characteristics that are designed to influence the development
of community within them, and then investigates an incipient MPCommunity (the label
for the case study MPC) in Australia.
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1.1. Community

The term “community” is part of common parlance, and is entrenched in urban
planning and design, yet it lacks a fixed meaning, either stated or contested. It must be
acknowledged that communities are not static entities, but are dynamic, and self-organise
over time. Structures of interaction between residents change both as an outcome of
changes in local interactions, and/or in response to external social challenges, such as
COVID-19 [4].

Community has positive connotations as an adjective elevating nouns such as “de-
velopment”, “policing”, and “garden” to a level of ethical superiority that does not exist
without its use as a modifier [5]. While the word “community” is often considered to be
variable and ambiguous, there is agreement among researchers that any definition should
include three basic elements [6]: (1) shared territory, (2) meaningful social interaction, and
(3) significant social ties [6]. While communities as networks exist beyond localised scales,
the primary concern among academics and the urban planning and design professions is
the importance of place to notions of community [3]. This paper looks at communities at
the localised neighbourhood scale within an MPC.

1.2. Social Connectedness

The interaction between individuals is multifaceted, at the individual, community,
and societal levels. In the case of MPCs, the developer consciously constructs an appealing
idyllic lifestyle vision encompassing consumer preferences, community ethos, and lifestyle
needs, with marketing strategies therefore attracting a specific consumer group. However,
this may only account for one layer of what defines a community/neighbourhood. This pa-
per examines the lived experiences and the role in the development of social infrastructure
in socially connected communities.

1.3. Master Planned Community

MPCs in Australia are usually large, bounded, greenfield developments on city fringes,
with significant planning challenges. These challenges include assimilating the develop-
ment into existing urban landscapes, rolling out suitable support services, and infras-
tructure (e.g., telecommunications, schools, shops, transport, etc.) [7]. To address these
planning issues, MPCs incorporate complementary mixed-use development as part of
their multiphase master-planned outcomes [7]. In the Australian context, MPCs are the
most capital-intensive type of modern planned private housing estate, integrating different
levels of physical and social infrastructure [8]; they are designed to have an individual look,
differentiating the MPC as a unique community distinctive from neighbouring residential
areas, and thereby creating appeal to a market segment seeking such a community [9]. It
has been suggested that MPCs seem to meet a real need in the market for community [3].

The strategic intention of an MPC is strengthened through place-making approaches
and a “community compact” [2]. These are designed to facilitate social interaction, foster a
collective identity/sentiment, and encourage the development of relational community,
thereby building links/bonds, trust, and shared values between residents [7]. The com-
munity compact seeks to create immediate familiarity in order to develop “rapid” trust
between residents, and between the developer and residents, through establishing homo-
geneity of values, aspirations, and lifestyles [2]. This immediate familiarity is in contrast
to the usual habitual familiarity established over time within neighbourhoods or estates.
The MPC community compact and place-making approaches are often complemented
with community development programs designed to tie the developer and residents to the
MPC vision and establish a localised practice of ”community” with a social attachment to
place [8].

Planners/developers’ community development programs often initiate community
sanctioning activities such as community events, newsletters, and a designated website to
establish and kindle the community ethos [10]. MPC residents also initiate activities that
serve to legitimise the community ethos, the common social code, and estate conventions
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within an amiable setting [2]. It is through the community compact and community
activities that residents’ expectations are set for behaviour that aligns with belonging to a
great community [10].

While MPCs are usually defined as geographically bounded sites [3], they are designed
to be socially and community bounded spaces, with developing a strong, place-based sense
of community as the primary goal. The effectiveness of the social space is critical to devel-
oping community in the MPC [2,11]. Social space provides residents with the opportunity
for regular and spontaneous face-to-face interactions in their everyday living, thereby
enabling communal/neighbourhood connection and community development [12]. This
is achieved through a pedestrian-friendly environment of wide footpaths with walkable
destinations from mixed-use development (e.g., shops, bars, eating places), pocket parks,
and sporting facilities freely and easily available to the community [13]. An MPC with such
an environment establishes a distinct social identity and provides casual meeting places
that are prerequisites to social connectivity and community development [13].

1.4. Context

Australia, like many developed nations, has begun to embrace MPC development.
MPCs are seen as a viable strategy to address housing shortages in cities and communities
across Australia [14]. MPCs have place-making and community-making approaches
purposefully designed to target a particular market segment, which promote the concept
of community wellbeing and social connectivity.

Research of the lived and dynamic nature of community life in Australian MPCs is
underdeveloped [8], and it is not clear how MPCs are experienced by new residents in
the early stages of their development. The present study explores the MPC phenomenon
through the lived experience of a diverse group of pioneer residents from a growing MPC
in Australia. This study seeks to understand the lived experience of moving to a new
MPCommunity.

2. Materials and Methods

One of the biggest challenges facing communities is attempting to measure outcomes
that are changeable and inconsistent. Applying one measure fails to capture the dynamic
needs and preferences of the individuals and the community. Therefore, in this research
project, both quantitative and qualitative techniques were employed to uncover deeper
insights from the residents’ lived experiences.

Qualitative research reveals subjective perceptions and meanings of the social reality;
however, it does not identify trends or suggest any generalisation of results across popula-
tions. This research aimed to unearth phenomenology to provide a deeper understanding
by highlighting meaningful responses from residents [15].

Qualitative research is a recognised and rigorous social research method that is used
to gain in-depth knowledge and understanding of phenomena, issues, or questions [16].
This method is often used to explore a topic for the first time, and is quite often used in
building and environmental research [17].

To explore the lived experiences of residents over time, a larger longitudinal study
was designed, employing mixed methods, and collecting quantitative and qualitative
data at 9–10-month intervals over a 5-year period commencing in July 2018. The present
study focuses on data collected from the first two stages (July 2018 and May 2019), thereby
capturing the lived experience of residents in the early stages of community development
within the MPCommunity. A single case study was utilised in order to generate an in-depth,
multifaceted understanding of this complex real-life context [18]. This study received
ethical approval from the Queensland University of Technology’s Human Research Ethics
Committee (approval number 1600001085).
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2.1. The Case Study

The case study site is a developing MPC located approximately 29 km from an Aus-
tralian capital city. The MPCommunity was developed by two major Australian residential
estate developers. The estate has access to a major highway and a train into the capital city.
The developers’ aim was to design a community for easy living, with access to local shops
and services, green pedestrian connections, wide open spaces, and public transport. The
developers’ marketing campaign described living at the MPCommunity as being highly
desirable in terms of amenities, access to the capital city, and available green space. It is
anticipated that the development and delivery of major infrastructure will take around
12–14 years. It is proposed that the MPCommunity will include approximately 7000 homes
of varied housing types upon its completion.

The MPCommunity is fast-selling. When the first package was marketed, a count-
down timer for registration was initiated on the MPCommunity’s website; there were
~1000 interested buyers waiting to put their names down. The capacity of 250 buyer regis-
trations was saturated within 45 s. Buyers were invited to visit the site, and the 75 available
lots were sold the following weekend.

The real-estate market in the capital city is tight, with buyers often having to wait
years to secure land. The MPCommunity’s developers tried to make the process of buying
fair for everyone. Interested buyers participated in a lotto-style ballot, registered with AUD
1000, for the right to be part of the event.

2.2. Procedure

Over two time periods—a week in each of July 2018 (Time 1) and May 2019 (Time 2)—
all residents and buyers of the MPCommunity were invited by the researchers to engage in
an online forum. Initially, participants created a unique account that enabled them to enter
the online site during the “open days”.

2.3. Online Forum

This study used quantitative and qualitative measures to deliver an engagement
approach that taps into the pulse of community feelings and experiences. All residents and
buyers of the MPCommunity were invited to participate in both the online survey and the
online forum.

Initially, demographic data were collected from participants, and they were invited
to complete the Australian Unity Personal Wellbeing Index and Regional Community
Wellbeing Survey. These instruments were used as a framework to identify self-perceived
wellbeing in Australian adults in domains such as material wellbeing and personal and
community relationship wellbeing [19], examining age, income, relationship status, and
other factors that affect personal wellbeing. Since 2001, 37 nationally representative surveys
have been conducted using these tools, with more than 65,000 Australian adults partici-
pating. The Australian Unity Wellbeing Index is a robust and established instrument that
gives a “more comprehensive picture of wellbeing for the individual, the community and
society” [19] (p.16).

Qualitative data were gathered over a week in each of July 2018 and May 2019 by using
an online forum that was moderated by an experienced online forum facilitator. Online
forum conversations were gathered, centred on residents’ experiences and perceptions of
the topics of place, people, and pursuits within the new MPCommunity. Three questions
were asked during the forum: (1) Who are you connecting with in your village? (people);
(2) Where are you going to in the village and your local area? (place); and (3) what are
you doing in your village and surrounding areas? (pursuits). Participants used words
to describe their experiences, and could upload photos or videos. Once the participants
had given their responses, they joined the group for an online discussion (if they desired).
To facilitate participant engagement, the format of the online discussion was similar to
popular social media platforms.
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2.4. Analysis

Transcripts of online conversations were analysed using a data-driven approach,
where data were examined and organised, manually interpreting and identifying emerging
themes. Nvivo12 software was used to support our analyses. Strategic decisions, based
on the data analysis and interpretations, determined patterns or themes pertaining to
commonalities and the range of variation in participants’ experiences and perceptions [20].
This process included iterative data reviews and inter-rater agreement (reliability), estab-
lishing a nuanced understanding of the data in terms of emerging themes and meaningful
categories [20]. The data were manually coded with the emerging key themes of hope and
expectations, sense of community, feelings of exclusion, physical and social infrastructure,
and developer-initiated community activities. This process captured conceptual categories
that are empirically grounded, revealing the lived experiences of the participants [21].

3. Results

3.1. Demographic Characteristics of Participants

The demographic profiles of the participants are described in Table 1. Of the 154 par-
ticipants, there were more males than females. Most participants were younger than 45,
married/partnered, not Australian-born, educated to a graduate/postgraduate level, had
an income of less than AUD 120,000, and reported their cultural origins as Australian,
Indian, or “other”.

Table 1. Demographic information.

Topic/Area Category Participants Time 1 *** Participants Time 2 ***

Gender
Male 45 42

Female 35 32

Age

Younger than 35 39 33

Between 35 and 45 29 33

Older than 45 8 5

Omitted response 4 3

Relationship
status

Married/Partnered 71 66

Single 6 4

Divorced 2 2

Omitted response 1 1

Education

High school 7 10

Postgraduate 21 24

Trade/post-secondary 19 14

University 31 24

Omitted response 2 2

Income

More than AUD 140,000 13 18

AUD 120,000–140,000 9 20

Less than AUD 120,000 44 23

Omitted response 14 13

Born in
Australia

Yes 27 26

No 53 47

Omitted response 1
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Table 1. Cont.

Topic/Area Category Participants Time 1 *** Participants Time 2 ***

Culture

Australian 27 21

Indian ˆ 20

Mixed culture * ˆ 7

Other ** ˆ 24

Omitted response 2

Total participants 80 74
NB: ˆ Time 1 did not capture any other culture apart from Australian. * Participants identified with more than one
culture, i.e., Australian and Indian. ** “Other” includes Asian, Sri Lankan, Maltese, Italian, Filipino, Vietnamese,
Egyptian, African, etc. *** Times 1 and 2 were 10 months apart.

3.2. Quantative—Survey Findings

Analysis revealed differences between Time 1 and Time 2. In particular, participants
reported increased satisfaction with safety and security at Time 2 compared to Time 1;
in contrast, participants reported reduced satisfaction with the sense of being a part of
a community (found at Time 2 compared to Time 1)—that is, participants grew more
confident over time about safety and security at the MPCommunity, but at the same time
felt less connected to the community. In other words, participants reported high internal
life satisfaction, which contrasts with possible external social connectedness. At Time 1,
residents reported high overall personal satisfaction across most domains. Of note, at
Time 1, scores in the domains of personal relationships and overall life satisfaction were
very high (88.2 and 82.5, respectively) in comparison to the national average (see Table 2).

Table 2. Survey questions and results at Time 1 and Time 2.

Question

Average (Mean)
Score

MPCommunity

Average (Mean)
Score

MPCommunity
Average (Mean)

Scores 2018 *

Time 1 Time 2

1 How satisfied are you with
your life as a whole? 82.5 79.6 75.9

2 How satisfied are you with
your standard of living? 83.1 81.6 79.4

3 How satisfied are you with
your health? 78.6 76.3 73.2

4 How satisfied are you with
what you are achieving in life? 81.4 79.5 72.6

5 How satisfied are you with
your personal relationships? 88.2 84.5 78.6

6 How satisfied are you with how
safe you feel? 67.8 75.9 80.3

7
How satisfied are you with

feeling part of your
community?

78.2 70.0 72.4

8 How satisfied are you with
your future security? 70.0 70.3 71.02

9 Personal Wellbeing Index (PWI) 78.87 77.2 75.5
* Average (mean) level of wellbeing in 2017 [22].
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Furthermore, results revealed decreases in satisfaction in the domains of standard
of living, health, life achievements, and general personal wellbeing (PWI) from Time 1 to
Time 2 (81.6, 76.3, 79.5, and 77.2, respectively).

Interestingly, when examining participant responses to question 6 regarding safety,
at Time 1, the median score was 7; however, over half of the participants scored below 7
(see Figure 1). Therefore, it is plausible to infer that many residents felt dissatisfied with
aspects of safety within the MPCommunity.

Figure 1. Time 1 (Round 1) satisfaction score distribution.

Further when comparing the same question (Sat.Safe) at Time 2, it was evident that
the score range had shrunk, spanning from 4 to 10, which may indicate that those scoring
below 7 at Time 1 were more assured over time (see Figure 2). However, as stated above,
the scores of this domain remained lower than the national average (see Table 2), which
possibly indicates that participants were not fully satisfied with their safety at the MPCom-
munity. Indeed, there was a great deal of discussion in the qualitative data regarding safety
and security.

The distribution analysis for Time 2 evidenced a drastic change in the respondents’ sen-
timents with regard to the level of satisfaction with being part of a community (Sat.Comm).
As shown below, the score distribution ranged from 1 to 10 (see Figure 2). When compared
with the scores for Time 1, ‘Sat.Comm’ showed negative growth; therefore, it is possible to
argue that MPCommunity respondents were less satisfied with their community than in
the previous year.

Analyses of the data using t-tests confirmed the sentiments of MPCommunity partici-
pants, revealing that the changes across seven of the nine domains from Time 1 to Time 2
did not reach significance, therefore indicating little change in the participants’ emotional
experiences across time in those domains (see Table 3). However, further substantiating
the considerable mean changes reported above for satisfaction with safety (Sat. Safe) and
satisfaction with being part of a community (Sat.Comm), the t-tests affirmed the changes,
with both reaching significance (p = 0.017 and p = 0.010, respectively) from Time 1 to Time 2.
Specifically, satisfaction with safety increased over time. In contrast, satisfaction with being
a part of the community declined over time. The qualitative analysis further examines the
intersection between safety and the sense of belonging to the community.
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Figure 2. Time 2 satisfaction score distribution.

Table 3. t-Test satisfaction results.

Satisfaction Domains
Time 1

Mean Scores
Time 2

Mean Scores
t-Test Results

p Values

Sat.Feel 8.25 7.96 0.245

Sat.Std.Living 8.31 8.16 0.513

Sat.Health 7.86 7.63 0.427

Sat.Achieve 8.13 7.95 0.448

Sat.Relatp 8.82 8.45 0.187

Sat.Safe 6.78 7.59 0.017 ***

Sat.Comm 7.83 7.00 0.010 ***

Sat.Fut.Sec 7.00 7.03 0.933

Sat.Religion 7.87 8.32 0.198
NB: *** p ≤ 0.05 indicates statistical differences from Time 1 to Time 2; p ≥ 0.05 indicates no statistical differences
from Time 1 to Time 2.

3.3. Qualitative—Forum Findings

The forum extended the understanding of the data, and provided further clarity to
distinguish differences between Time 1 and Time 2. The robust discussions illustrated the
magnitude and earnestness of the connections participants had with the MPCommunity.
Interestingly, many participants expressed concern about the consolidation of commu-
nity within the MPCommunity. However, this could be the logical and even expected
progression of community development in the MPCommunity. Importantly, it could be
argued that, at Time 1, results revealed the anticipation and excitement—a type of “honey-
moon” period—reflecting residents’ hopes and expectations, rather than any real sense or
experience of community participation. Meanwhile, Time 2, after a period of 10 months,
revealed the actual incipient community experiences of residents after the “honeymoon”
period of the development, inclusive of the length of time it takes for promised planned
infrastructure to materialise. The qualitative results describe this transition under the
theme headings discussed below.
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3.3.1. Theme 1: Hopes and Expectations

Participants overwhelmingly reported loving living at the MPCommunity and feeling
a personal sense of renewal when first becoming residents. Moving into the MPCommunity
provided residents with the chance for a new start. Most of the participants felt lucky to
have secured a piece of the Australian dream of home ownership, often for the first time.
New residents resembled pioneers or honeymooners, with high hopes for their future
lives within the MPCommunity. Participants indicated that they expected a high standard
of living at the MPCommunity. The findings suggest that participants had bought into
the marketing hype around the development, and that their expectations were piqued as
a result.

“True, peaceful and quite (sic) life which me and my family looking after . . . and I think
we can get in the MPCommunity.” (R1, Male, 32)

“Moved to [MPCommunity] from Sydney with so much expectations. We are new-
bies in the community and would love being active in this growing community as I
know [MPCommunity] people would listen and would be caring for all our thoughts
and views.” (R2, Female, 35)

The discussion had a nostalgic feel of desire for a utopian, more traditional neighbour-
hood, community, and set of values.

“I want to know who my neighbours are so we can look out for each other and create
friendships like they do in the old days.”. (R2, Female, 30)

“I want neighbours to know one another, to be eating in one another’s homes, to see kids
playing with each other outside.”. (R2, Male, 32)

3.3.2. Theme 2: Sense of Community

Despite the decline in terms of satisfaction with being part of a community, participants
talked about “loving living at [MPCommunity]” (R2, Female, 59). There was great optimism
discussed about the case study community, discussed at Time 1 and Time 2.

“[MPCommunity] has the vibe of a country town with its sense of community while
conveniently being close to the CBD. Strangers welcome each other and talk which is
really nice and different to where I am moving from.” (R1, Male, 28)

“I love the growing community feel (even if this means we still have a long way for dirt
flying around, construction on going, constant flyers for blinds and pavers filling up the
mailbox).” (R2, Female, 35)

At Time 2, participants identified a number of issues affecting positive community
development. They acknowledged that they wanted more frequent and deeper interactions
with their neighbours—to create a sense of community/togetherness—“to feel connected
and inclusive” (R2, Female, 35).

While they wanted more meaningful and frequent interactions, not all contact was
well received.

“[I] look them in the eye and say ‘hello, how are you?’ They turn their back on you and
walk away. I guess some people just don’t like to be polite and courteous”. (R2, Male, 35)

However, at Time 2, participants recognised the importance of individual responsibility in
establishing a sense of community, and working with the developer in making this happen.

“Given that [the developer] is trying so hard to build a community, I’d like to also see
people responding to that positively.” (R2, Male, 32)

Participants acknowledged the “need to take initiative at least rather than waiting for
[an]other to start first” [to] “invite your neighbour to your house” (R2, Male, 45).
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3.3.3. Theme 3: Feelings of Exclusion

The forum revealed feelings of exclusion within the general community. These in-
cluded couples without children, who reported that they felt outside the group norm for
most organised community activities.

“We have found that a lot of the activities are aimed at families and children which is
great for the kids (unfortunately we have been unable to have kids of our own) . . . {and}
. . . feel a little left out of the community feel.”. (R2, Female, 35)

Participants without children often had pets, and they indicated that there were a
lot of developer-planned activities within the MPCommunity that excluded four-legged
family members. Those participants felt that centrally organised community activities that
included their pets would be a useful way for them to connect and keep connected to the
MPCommunity.

“ . . . we have tried to get involved with some other activities however we were turned
away as we had our little dog with us, it would be great for [the developer] to run
activities that are inclusive for all as we would love to feel connected to our community”.
(R2, Female, 35)

The perceived cultural differences within the MPCommunity population also ap-
peared to trigger feelings of exclusion. These cultural differences appeared to discourage
social interaction, and resulted in cultural and ethnic-based tensions.

“I also think there is a small amount of racism particularly toward our Indian population.
People have made comments that they don’t want to attend particular community events
or join particular sporting clubs because it’s only Indians that attend these events”. (R2,
Female, 32)

Some participants indicated that there were a number of resident-planned neighbour-
hood activities in the MPCommunity areas that were culturally based and by invitation
only, which resulted in some of the non-invitees feeling excluded.

“Less division from the Indian community in the estate. Shown through their many
Indian events over the last couple months . . . it feels very segregated”. (R2, Female, 26)

3.3.4. Theme 4: Physical and Social Infrastructure

After the honeymoon period comes the reality of the day-to-day living experience
in an incipient MPC. The findings suggest that participants became impatient with the
time it was taking to deliver the promised, master-planned infrastructure. MPCommunity
residents often have no choice but to travel long distances for everyday activities such as
shopping, work, school, etc. This results in residents spending a lot of time commuting
outside of the MPCommunity, which could be spent within the MPCommunity if that
physical and social infrastructure was available to them locally.

“grocery is the biggest frustration, I spent around 3 to 4 h traveling to other suburb
weekly to get the basic groceries”. (R1, Male, 32)

Residents purchased property in the estate because of the promised and planned
infrastructure; however, resident patience started to wane with the extent of commuting
required in their daily activity. Most residents use their private cars, as public transporta-
tion was found to be non-existent or inconvenient due to frequency or accessibility to
transport hubs.

“I’d also like to see the public transport like a bus service to the station and nearby shops
as well as an easier pathway to get to the station.” (R2, Male, 32)

“Bus service [hasn’t] started yet, I know shuttle is in service but it has very limited times
and at weekends nothing at all.” (R2, Female, 35)

However, while participants voiced their frustration, they remained hopeful that the
services and infrastructure would eventually be available.
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“Of course things will only get better.” (R2, Female, 40)

“I think It will be much easier getting around once more infrastructure is in place.” (R1,
Female, 36)

There was considerable discussion around the desirability/need for additional infras-
tructure, facilities, and services, including:

• A shopping/town centre that includes at least one of the major grocery chains, “good
eat out places eg pizza shop hungry jacks and local market” (R2, Male, 36), a post office,
library, and a medical centre that includes dental and allied health services.

“It would be much better if we had a town centre asap”. (R2, Female, 40)

“I want the Town Centre to be busy, with people walking or riding to the shops and
stopping to stay a while and chat to friends and eat in the cafes”. (R2, Male, 32)

• Activity rooms “for people to rent out to schedule yoga class, zumba class, etc.” (R2, Fe-
male, 35)

• Facilities for all residents, especially children and teenagers, including public pool,
dance studio, martial arts, gym, etc. Several participants identified the need “to bring
teenagers together in the community” (R2, Female, 40).

• An off-leash dog park, because currently the MPCommunity was not seen as a dog-
friendly space. Residents with dogs would really appreciate the addition of an off-
leash dog park within the MPC.

“it would be great to see a park with a dedicated off leash dog zone.” (R2, Female, 30)

3.3.5. Theme 5: Developer-Initiated Community Activities

Participants recognised the important role the developer plays in getting people to
meet one another. The importance of developer-initiated community activities was clearly
identified by participants across the two data collections. Such estate-wide community-
unifying “get-togethers” organised by the developer at the MPCommunity included a
food-truck festival with children’s rides, characters, and a DJ; moonlight cinema; tree-
planting days followed by sharing pizza together; night markets; a residents’ Christmas
party; and other resident-only events.

The importance of such events in unifying the diverse residents was highlighted by
one participant:

“the turning point was when the movie night happened last summer. It was the mix of
cultures and people so warm for each other. We just want our kids to grow up to tolerate
and respect each other no matter where their roots are. We could easily picture our family
fit in”. (R2, Female, 36)

These organised activities also appeared important in “bedding in” the residents–
developer relationship. Residents appreciated the developer-initiated community activities
and events, and described the relationship between the community and the developer
as good.

“Yes. It definitely has that tight knit community feel about it. I think many factors play
into this. The developers putting time and effort in creating that type of community
through organised events so neighbours can meet and mingle such as ‘stage bbq meet
ups’, just this weekend there was a clean-up Australia day event and pizza night etc.
It brings the community together and in turn forms a bond between neighbours. The
resident [Facebook page] also fosters community togetherness.” (R1, Female, 36)

However, it was also noted that the events:

“ . . . have been good but I find they are ‘one off’ things and it can be difficult to keep
connected.” (R1, Female, 36)
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3.3.6. Theme 6: Safety and Security

While safety and security scores were less significant at Time 2 than at Time 1, it was
a very intense topic of discussion. The desire for a “safe and secure” community was
an integral part of participants’ utopian reality. Perceived threats to utopian living were
factors that threatened the residents’ security. The data show that residents are seeking to
support their physical and economic security.

3.4. Physical Security

Participants were concerned that law and order issues experienced in areas immedi-
ately surrounding the MPCommunity could extend into their MPC.

“what is important to me is community safety . . . this is important to me as you should
feel safe in your home at all times and with the recent events of home invasions and gang
meet ups in surrounding suburbs, it won’t be long until [MPCommunity] will become
a “hangout” suburb” (DP)

Residents said that they were mostly happy with their home environment, but that
they did not feel safe in the neighbouring suburbs—posing an immediate challenge, as
the promised physical and social infrastructure has not yet been realised, and residents
need to go into these surrounding areas to undertake everyday activities such as shopping,
entertainment, schools, etc.

“[I] actually feel more unsafe outside of [MPCommunity] . . . I’d rather starve than
shop at [a particular suburb] these days; it feels SO unsafe to me”. (R1, Female, 36)

Many participants want security infrastructure incorporated within the MPCommu-
nity, with some suggesting that “CCTV all around MPCommunity would be nice” (EL), as
well as fencing around the estate and secured gates for the entrance. Some participants
suggested something similar to “how [another MPC] is designed” (SS).

Participants also discussed the possibility or need for “visible security guards and police
patrols” (DCa).

“I would suggest roaming security around the suburb”. (DP)

“visibility of police car driving through the estate at random times would make residence
feel safe”. (M)

However, participants also recognised the importance of connecting with one another
to feel safe and secure, as well as establishing a neighbourhood watch group within the
estate as a strong safety and security measure.

“Know who your neighbours are. Ensure unsafe activities are reported. Appropriate
action from law enforcement agencies. Neighbourhood watch”. (PW)

“What is important as a community is to keep in the loop with everyone like a forum sort
of thing; the old NABO app for like community events and reporting on security issues.
Just things to keep everyone safe in the community”. (C)

3.5. Economic Security

Of direct consequence to economic security is the lack of promised physical and social
infrastructure, including places of employment, shopping, schools, leisure, etc. Participants
indicated their disquiet with the time it was taking to deliver on the promised master-
planned infrastructure and services.

Participants were frustrated with having to leave the MPCommunity for nearly every
activity outside of their home. Residents of the MPCommunity have no choice in terms
of shopping but to travel elsewhere. This puts a lot of time and pressure on residents,
because shopping is one of the main chores in daily life. The amount of time spent outside
of the MPCommunity is time not spent in activities with family and community within the
MPCommunity, reducing the chance to build social networks closer to home.
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“A lot more driving now, an extra 20 min each way to work for me. Further to drive for
shops. 13–14 h per week minimum driving. Hopefully that will be less when shops open
in [MPCommunity].” (R1, Female, 26)

“If I don’t have my car . . . I think I can’t do anything[sad emoji] stuck at home.” (R1,
Male, 32)

“Access to good health services and shops are also important to me”. (San)

Participants discussed the lack of employment opportunities in the MPCommunity or
the local area, resulting in long commutes and less time in the local community.

“I actually resigned from my job . . . Moving to [the MPCommunity] definitely had an
impact on that decision. I was spending over 1 hr to get to work as I had 2 drop offs in
the morning—dropping one child to childcare and the other to school. I am looking for
something closer to home now so I have a better work/life balance.” (R1, Female, 36)

4. Discussion

This research employed a mixed-methods approach to provide the contextual framing
necessary to understand the lived experiences of pioneer residents moving into a new
MPCommunity. The results demonstrate how the purposeful development of community
identity in the early stages of the MPCommunity has not led to satisfactory levels of social
infrastructure or social connectedness for the pioneering residents—that is, the physical and
social environment, as interpreted by residents against the developers’ imagined vision
and marketing testimonies, was not entirely satisfactory. Specifically, master-planned
infrastructure issues—such as transport, and access to daily activities such as shopping,
work, and school—were common and significant points of frustration and dissatisfaction.

The central lifestyle marketing themes for this MPCommunity—such as safety, security,
and community infrastructure and connectedness—were captured at Times 1 and 2. In
terms of changes from Time 1 to Time 2, Time 1 could be characterised as the “honeymoon”
period, when pioneering residents were full of anticipation and expectation for the idyllic
lifestyle marketed by the developer. Meanwhile, Time 2 provides an insight into the
realities of the day-to-day lived experience, capturing the teething problems as residents
became discontented with delays in the rollout of the planned infrastructure. Results
revealed a decline in satisfaction over time in terms of the residents’ sense of belonging to
a community. Nevertheless, most of the participants maintained hope of finding a place
where they felt they belonged, reminiscent of their childhood, or an imagined, more secure
time representing a more traditional set of family and community values.

While the MPCommunity, as a new development, promises a high standard of
housing—which is important for quality of life [22]—the results show that the sense
of social connectedness in this new estate is not yet developed. The findings indicate that
participants are becoming increasingly impatient with the time that it is taking to deliver
promised, master-planned infrastructure, and this appears to have fuelled some of their
disquiet in terms of satisfaction with the community. The development of community
needs engagement, which requires opportunities and time spent within the community [3].
Currently, in this MPCommunity, this is not possible, as residents need to spend large
amounts of time outside the MPCommunity for everyday activities such as shopping
and work.

The findings revealed another reason for the decline in satisfaction with being part
of the community, which appeared to be related to the cultural heterogeneity of the MP-
Community population. Greater degrees of homogeneity and compatibility have been
shown to increase the probability of more intensive relationships that extend beyond a
simple exchange of greetings [23]. Similarly, it has been found that ties between non-similar
individuals disband more quickly, thus triggering the creation of enclaves within the social
environment [23,24]. In this instance, the heterogeneity of this MPCommunity appeared to
discourage or deter interactions.
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Previous research suggests that there are parts of Australia that experience “multi-
cultural anxiety”, founded in safety and security concerns. Many developers strategically
position their marketing to promote safe and secure developments, thereby protecting
against this anxiety [25]. This MPCommunity has a culturally heterogeneous resident
population, as seen in Table 1, who clearly were not looking to escape “multicultural
anxiety”—and if they were, their attempts were completely misguided and unsuccess-
ful. However, while not motivated by “multicultural anxiety” this particular resident
population was very concerned about safety and security.

4.1. Sense of Community

MPC developers know their markets well, and promote more traditional concepts
of community [24]. The participants in this study were full of hope and expectation
for a “close-knit community”—a community utopia. Most of the participants described
being interested in finding a place where they felt they belonged, reminiscent of their
childhood, or an imagined, friendlier time representing a more utopian idea of community
and community values. Participants reported feeling good about their MPCommunity,
but wanted to feel more like a part of the resident community—what has previously been
identified as desiring localised neighbourhood [3].

As evidenced in the findings, the community utopia sought by the participants was
challenged by their lived experience in the MPCommunity after the “honeymoon” period.
Importantly, the participants placed a great deal of value on “friendliness” and “community
ethos”, which they thought was absent from their MPCommunity, but continued to set as an
expectation and desire for its future. Conversely, participants reported they felt lucky to be
living in the MPCommunity, and said that they saw the potential for a community utopia,
and recognised their own responsibility in making this a reality. Some suggested taking
the initiative to be inclusive and engage in more meaningful ways with neighbours, as
well as establishing community norms of cooperation, consideration, and kindness to one
another; meanwhile, others reminisced about their enjoyment and importance of centrally
organised community activities in establishing and strengthening a sense of community.
These findings further highlighted the fact that the MPCommunity residents were at
different life stages and, therefore, had different needs. Previous research has noted the
importance of understanding the different life stages that may determine specific individual
demands [3]. Beyond the sense of community connectedness and belonging, participants
identified a number of challenges that hindered community utopia—for example, the lack
of the promised physical and social infrastructure, which directly impacted organised
community activities.

4.2. Physical and Social Infrastructure

This MPCommunity was predominantly in the early stages of development—specifically,
master-planned physical and social infrastructure (e.g., adequate public transport; pedes-
trian and bike access to the local train station; shopping/town centre; facilities specifically
designed for children, teenagers, pets, etc.) had not yet been realised. Principally, design
aspects such as shopping centres, public transport, walkways, bike paths, and parks en-
courage people out of their homes and into public spaces, where they can meet others
engaged in similar activities [12]. Participants with pets and no children reported a sense
of exclusion from the community, with the absence of a dog park or organised pet-friendly
community events. Many participants saw this lack of infrastructure as inconvenient,
and as an impediment to incidental and spontaneous social gatherings or everyday ac-
tivities. This finding is consistent with previous research that recognises the importance
of well-designed physical and social infrastructure in supporting unprompted, natural
social connection, facilitating a sense of belonging and trust between residents [3]. Notably,
where infrastructure is inadequate, residents are more likely to be lonely, poorly supported,
and have limited social agency for change of their circumstances, which are felt by the
wider community [3].
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Moreover, participants with children reported concerns about a lack of child-related
areas for activity and play, despite the availability of parks. Parents wanted specific spaces
for organised as well as free activities for children, including spaces/rooms for dance,
martial arts, a swimming pool, etc. Furthermore, this specific cohort identified the lack
of public transport as something that placed significant strain on families, specifically
impacting the daily transport needs of the children within the MPCommunity. Having
local access to schools through safe walking and bike paths between homes and schools
provides children and parents with the opportunity to mix with other local children and
adults undertaking the same activity. The critical nature of co-location of schools and
homes has been noted in a previous Australian study [3].

The issues with children extended to adolescents. Adolescents are similar to other resi-
dents in terms of access to public transport for recreational and entertainment purposes [3],
and adolescents can become more isolated from surrounding areas when there are public
transport inadequacies. Targeted physical and social infrastructure to link adolescents with
activities of interest within MPCs, and provide public transport access to external activities,
is considered essential [3]. The participants in this study had strong desires for adolescents
to have shared spaces and spend time within the MPCommunity.

A recurring theme and frustration centred on this lack of physical and social infras-
tructure for everyday activities within the MPCommunity, which consequently required
residents to go to neighbouring suburbs for shopping and other services. Participants
reported a discomfort within the neighbouring suburbs, leading to distress and disquiet
in terms of personal safety and security. Encouragingly, participants expected that this
problem will be overcome once the promised infrastructure is fully realised.

It should be noted that participants tabled several solutions to safety and security
concerns. These solutions consisted of installing CCTV, security fencing, roving security, or
police patrols. However, participants identified the importance of connecting and cooper-
ating with one another in terms of neighbourhood safety and security concerns, including
involvement in activities/committees such as neighbourhood watch. Therefore, partici-
pants were not simply looking for a “fortress solution”; they recognised the importance of
community development, involvement, and engagement in bolstering residents’ sense of
safety and security.

4.3. Community Activities

Beyond the bounds of physical and social infrastructure, participants acknowledged
the importance of community groups and events within the MPCommunity. The de-
veloper initiated a number of community activities, which were very well received by
residents. Participants overwhelmingly spoke positively about developer-organised com-
munity events. Participants enjoyed these events, felt that they contributed to the sense of
community, and had the desire for more formal activities organised by the developer. In
particular, one participant reported that one movie night was a turning point, with the mix
of cultures coming together in a warm and welcoming atmosphere. Community activities,
facilitated by the developer, have been shown to be an integral component of respondents’
symbolic conception of the community in an MPC [2]. Organised community activities
allow residents to intermingle, which enables social connectivity to develop. Such events
also provide residents with the opportunity to build a new identity as part of the MPC
and the developer’s ideology [2]. Furthermore, these activities provide the opportunity to
monitor interactions with other residents in order to determine how well they ”fit” with
the wider community [2]. While it seems difficult to know how these singular events
affect community development—especially when residents come together in an amplified
anticipation of celebration [25]—participants reported remembering the events fondly,
feeling real connection between residents at the events, and having a real appetite for more
such events. The results show that these one-off events further support the development of
a community ethos and the growth of community connectedness.
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4.4. Safety and Security

There was an improvement in participants’ reported levels of satisfaction in terms
of the safety and security scores between Time 1 and Time 2. This may be a reasonably
expected progression in the development phases of MPCs—as more homes are built, more
people take up residency, thereby creating the feeling of increased safety in numbers. The
improvement in satisfaction with safety and security scores at Time 2 was not obvious
from the conversations and the survey question results (see Table 2). Furthermore, the
level of satisfaction with safety and security remained lower than the national average.
However, despite the score improvement, participants were notably vocal in the forum
about safety and security issues in the MPCommunity. It could be argued that this reflects
unmet expectations derived from marketing promises, as well as a timing issue, evolving
from unrealised infrastructure commitments by the developer [26].

The unrealised status of promised physical and social infrastructure also affects eco-
nomic security, and is an obstruction to authentic feelings of community utopia [27].
Occupational opportunities within the MPCommunity were non-existent. Lack of work
within or close to residential communities reduces the opportunity to build social networks
closer to home [3]. This structural issue puts community design and work in relation to
one another, as the physical and temporal separation of community and care activities
from work activities is particularly problematic, and its impact is felt across life-stage
groups [3,28].

The most common tool utilised by developers for economic security is “community
compact” [13]. Community compact establishes and enforces restrictive covenants (formal)
and social norms (informal) designed to establish common social goals of a pecuniary code
of beauty for the MPC and the community ethos [7,13]. The MPCommunity has a design
review panel (DRP) that approves all components of the house design and construction,
landscaping, and building siting. In the MPCommunity, the DRP attracted criticism
regarding the consistency of its decisions and the length of time taken to reach a decision.
Participants reported that these problems resulted in cost overruns and a lack of confidence
and trust in the consistency of the decision-making process. There was also recognised
disquiet amongst participants with regard to the state of the public spaces within the
MPC. Like other MPCs, the common social norms include highly maintained gardens, cars
parked in garages rather than on the road or footpath, and a positive, friendly demeanour
to other residents of the MPC [2,8]. Participants complained about the state of public
spaces and the disruptive effect of residents and visitors parking on roads and footpaths,
sometimes blocking thoroughfares.

Participants were critical of the physical state of the community facilities in the MP-
Community, and stressed the importance of these formal and informal covenants. This
type of maintenance affects property values, and goes to the heart of economic security [2].

Identity and belonging are strongly linked to home and neighbourhood, with a
“sense of home” contributing to security and a sense of order, meaning, continuity, and
agency [29,30]. As evidenced in the findings, the community utopia sought by the par-
ticipants was not delivered by their lived experience in the MPC. In general, participants
placed a great deal of value on “friendliness” and “community ethos”, which was non-
existent. Nevertheless, participants were keen to establish a strong, friendly, cooperative
community ethos that was nurtured within the MPCommunity.

The formal and informal covenants within the MPCommunity, while not always
adhered to, appeared to offer residents a sense of coherence, community ethos, and social
order, as well as a degree of control over the physical and social environment. An impor-
tant part of this was the community events organised and promoted by the developer,
which appeared to go some way toward bringing this community together. These unifying
events strengthened residents’ sense of security by facilitating social connections between
MPCommunity neighbours, creating a strong sense of neighbourhood identity and be-
longing. Residents were keen to have more of these types of events. Moreover, through
these events, as well as the formal and informal covenants and norms, the MPCommunity
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appeared to offer residents a sense of active engagement, rules of belonging, and a code of
behaviour, providing an anchor for communal living. Consequently, individual identity
and a feeling of predictability were derived, allowing residents to confidently make life
plans that strongly contributed to their security.

5. Conclusions

Master-planned community estates are promoted, sold, and purchased on the basis of
powerful symbols of identity, community, safety, and security [1–3], and it is unclear how
this manifests in the lived experience of pioneer residents moving to a new MPC [2,4]. This
study addressed this gap and explored—through the lived experiences of residents—the
link between how residents felt about the MPCommunity, their wellbeing, and their daily
lives. This case study explores an MPC resident population and the evolving community
in its early stages of development.

The MPCommunity promises a high standard of housing and infrastructure, which is
important for daily life and wellbeing. The social connectedness in this incipient MPC is
not yet fully realised in terms of infrastructure and social connections between residents.
This case study offers valuable insight into concerns voiced by residents with different
perspectives and challenges, living within a new and developing local Australian commu-
nity. The desire for safety and security are prominent concerns of housing consumers, and
enhanced community safety and security increase both the perceived and real value of the
community [31]. This is not lost on MPC developers, with safety and security being central
to the formation of MPCs, and marketing campaigns playing on prospective residents’
security fears [27,32]. MPC developers aim to deliver on identity, community, and the
inter-related factors of physical and economic security [2,33]. Through capturing partici-
pants’ lived experiences, it was clear that while the MPCommunity residents have positive
feelings toward the estate, there were issues of concern in terms of security. Participants
acknowledged that in order to support and strengthen these areas of security, the developer
and residents would need to simultaneously work on strategies that addressed the “sense
of security” and the “sense of community”.

This research addresses significant gaps in previous studies, and contributes to a
growing body of knowledge around MPCs and community wellness. One limitation of
this research is that results from case studies cannot be generalised to the broader popula-
tion. However, this study provides “real-life data” of the lived experience of an incipient
MPC community. While not definitive, this study offers a level of insight into the lived
experiences of community wellness, safety, and security of an emerging heterogeneous
MPC. This case study offers valuable insight into how social anxieties associated with
a cultural mix of people with different languages and values can overcome the idea of
threats to more established ways of life within a local community. By highlighting issues
that impact on MPC wellness, safety, and security—especially for heterogeneous resident
populations—this research furthers our understanding of the specific factors that make
MPCs more desirable environments for existing and future MPC developments.

5.1. Limitations

A limitation of this study is that the results of the case study cannot be generalised
to a wider population. This case study provides valuable insights into how the cultural
combination of people with different languages and values can overcome threats to the
more mature lifestyles of local communities. However, for the protection of community
health, safety, and life experience, the results of this research cannot be confirmed at present.

5.2. Future Research

Based on this exploratory research, future research could develop in a range of theoret-
ical and practical areas. Future theoretical research could focus on social networks in MPCs
to explore and test the range of characteristics that explain patterns of inclusion/exclusion
and possible structural barriers to communication and cooperation. In addition, future
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research to extend the understanding of community impacts could include social network
analysis in order to map changes in the structure of interaction over time, barriers to
communication/cooperation, and other relevant topics as they arise over time,

To assist in the future development of sustainable MPCs, additional research is re-
quired in order to develop a specific tool or instrument to use with residents, so as to
identify issues arising as residents populate new communities.
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Abstract: In recent times, there has been a worldwide trend towards creating smart cities with a
focus on the knowledge economy and on information and communication technologies. These
technologies have potential applications in managing the built and natural environments more
efficiently, promoting economic development, and actively engaging the public, thus helping build
more sustainable cities. Whilst the interest in smart cities has been widespread predominantly
amongst metropolitan cities, several regional cities such as the Gold Coast in Australia have also
recently endeavoured to become smart cities. In response to this emerging trend, this study aimed
to investigate key opportunities and challenges associated with developing regional cities into
smart cities using the Gold Coast as a case study. It identified key factors critical to the planning
and development of smart cities. These factors fall under five broad themes: cultural and natural
amenities, technology, knowledge and innovation precincts, people and skills, and governance.
The factors were applied to the Gold Coast to analyse the key opportunities and challenges for its
development into a smart city. Finally, key lessons, which are potentially applicable to other regional
cities seeking to develop into smart cities, are drawn from the case study.

Keywords: smart cities; regional cities; technology; governance; knowledge workers; knowledge
precincts; open data; Gold Coast

1. Introduction

Many cities worldwide are now facing several ongoing challenges, such as increasing
traffic volume and congestion, diminishing quality of life, urban sprawl, and a degrading
natural environment. To address these challenges, several cities are now seeking to estab-
lish themselves as smart cities. Several metropolitan cities such as London, Barcelona [1],
Seoul, Hong Kong, Tokyo, and Singapore [2] have been at the forefront of these trends [3].
Recently, however, a growing number of regional cities in Australia, such as the Gold Coast,
the Sunshine Coast, Launceston, and Gawler, have also shown interest in establishing them-
selves as smart cities. This trend became highly evident following the $50 million Smart
Cities and Suburbs program by the Australian Federal Government launched in 2016 [4],
which is delivered through City Deals, another Federal initiative. Throughout the two
application rounds to date, several local government agencies of non-metropolitan cities
have successfully secured funding support for their smart city projects, thus illustrating
the growing level of interest in smart cities amongst regional cities in Australia.

The Gold Coast is Australia’s sixth most populated and largest non-capital regional
city and yet is often regarded as an “overgrown resort town” [5]. The city has traditionally
been “Australia’s playground” [6] with its beautiful surf beaches, rainforests, and theme
parks that attract domestic travellers and, lately, an increasing number of international
tourists [7]. Contrary to its early days, the cultural and creative identities of the Gold Coast
have continued to evolve, especially since hosting the 2018 Commonwealth Games [8]. The
2016–2017 budget plan of the City of Gold Coast (CoGC), the local government agency
responsible for managing the Gold Coast, has specifically allocated $3.6 million to Digital
City, a smart city project. The project seeks to identify, investigate, and provide emerging
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opportunities, including smart lighting, smart travel, and smart health initiatives [9]. Since
then, a few projects have been underway or in the pipeline under the Digital City platform.

Given this context, this study aimed to explore major opportunities and challenges
that regional cities encounter in their endeavour to become smart cities. It identified key
factors for the successful development of smart cities and analysed a case study of the
Gold Coast using these factors. This article comprises two sections. The first section is a
literature review of smart city concepts, which provides a basis for an analytical framework
of smart cities. The second section applies the framework to the Gold Coast to identify key
opportunities and challenges the city is facing in its development into a smart city. The case
study analysis is based on a review of relevant policy documents and web-based resources
related to the Gold Coast. Lastly, the article concludes with key lessons from the case study,
which are potentially applicable to other regional cities seeking to establish themselves as
smart cities.

2. Literature Review

The literature on smart cities has grown exponentially in the last decade, e.g., [10–13].
However, despite the growing body of knowledge, no universally accepted definition
currently exists for smart cities [14–18]. Several terms such as “smart,” “smarter,” “digital,”
“intelligent,” “knowledge-based,” and “ubiquitous” are used interchangeably in the smart
city literature [10,19].

2.1. What Are Smart Cities?

According to Townsend [13] (p. 15), smart cities are “places where information tech-
nology is combined with infrastructure, architecture, everyday objects, and even our bodies
to address social, economic, and environmental problems.” He also proposes that these
cities have the prospect of being efficient, transparent, resilient, secure, and sociable. Smart
cities rely upon an appropriate mix of human capital (e.g., skilled labour), infrastructure
capital (e.g., telecommunication infrastructure), social capital [20], and entrepreneurial
capital [21]. Recently, Alizadeh [22] (p. 71) has defined smart cities as “urban settlements
that capitalise on telecommunication technologies to enhance liveability, workability and
sustainability.” This definition highlights the importance of telecommunication infras-
tructure in creating smart cities. Several information and communication technologies
(ICTs) (e.g., smartphones, radio frequency identification, sensors, and drones) have enabled
crowdsourcing of data from the public to be conducted efficiently without compromising
privacy and security [12,22]. There is an opportunity for open data to be harnessed for
addressing the long-term challenges that cities are facing [23]. Such data can be used by
different stakeholders to provide a variety of useful information products and services for
local communities.

Although smart cities are structurally “wired” and supported by an integrated sys-
tem of ICTs, the use of technologies alone does not automatically make cities “smart.”
Hollands [14] (p. 315) stated that “smart cities must seriously start with people and the
human capital.” Therefore, ensuring “the balance between using advanced technology and
still maintaining the humanness aspect” is an essential consideration for smart cities [24]
(p. 30). Traditionally, smart cities primarily focused on corporate marketing needs on
an incremental and piecemeal basis [25,26]. However, contemporary smart cities should
invest in intellectual capital by accumulating a funding policy strategy that promotes social,
cultural, and environmental development [3,27], which is often disregarded in smart city
frameworks [28]. This process can also help cities achieve socio-economic equality, a critical
element of smart cities, by engaging all citizens in a problem-solving process to build a
socially inclusive society [29–31].

In addition to technology and people, institutions form another key component of
smart cities, and there is a need for governance to encourage public participation and
build institutional capacity [32,33]. Paskaleva [34] highlighted the importance of using
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knowledge networks and e-governance to boost a city’s competitiveness. Strategic plans to
promote e-governance and integration of ICTs are also vital for developing smart cities [35].

2.2. Critique of Smart Cities

According to Yigitcanlar [36], although the smart city movement has a prospect, the
topic is still under exploration and, therefore, not well-developed. Thus, the smart city
concept is not an effective urban development and management model in its current stage.
Moreover, “local characteristics, priorities and the needs” of the city often influence the
smart city landscape [36] (p. 32). Several cities around the world have implemented
strategies to become smarter over the last decade. Nevertheless, in doing so, the simplistic
use of such terms as “smart” and “intelligent” has emerged primarily for marketing
purposes, resulting in the failure to specify which aspects of their intelligence are being
enhanced and how they intend to achieve a high level of intelligence [37–39]. Cities seeking
to establish themselves as smart cities can also appear elitist [18,40]. Many cities, through
their desire to join the “smart city elite,” are adding several embellishments to the “smart”
definition of smart cities beyond the technology dimension, thus making the smart city
concept more convoluted [41] (p. 2).

According to Saunders and Baeck [42], smart city ideas have often been criticised in
three ways. Firstly, they have been overly focused on hardware and hard infrastructure
rather than people, even though cities should be for people [43]. Secondly, given the
rapid advancement in technologies in recent years, there has been an overemphasis on
finding uses for new technologies rather than finding appropriate technologies to solve
major urban problems. Thirdly, similarly to Komninos’ [39] argument above, several smart
cities have concentrated on marketing and promoting themselves at the expense of testing
different solutions in the real world.

In his review of current smart city practices, Yigitcanlar [29] discovered that cities
worldwide are trialling different technologies to improve their operation. Cities are em-
ploying technologies to achieve smart city objectives in vastly different ways, even in the
same country. This trend illustrates that a one-size-fits-all approach is not appropriate
for implementing smart city initiatives due to each city’s unique characteristics, context,
and issues [24]. A one-size-fits-all narrative, which does not adequately consider socio-
economic, spatial, and political variables in the local context, has been identified as one of
the significant shortcomings in the current smart city debates [44–46]. As regional cities
may not possess the sufficient financial resources required for smart city initiatives, there is
a need to better align smart city strategies with existing government policy and priorities
to improve their funding capabilities [47,48]. By carefully evaluating local context before
implementing smart city ideas, critical issues can be prioritised and addressed accordingly
in a more cost- and time-efficient manner.

This review of the literature is fundamental to understanding the key themes and
debates relating to smart cities. The literature review findings will be used as a basis for
analysing a case study of the Gold Coast in terms of its key challenges and opportunities
for developing into a smart city.

3. Case Study of the Gold Coast

As a coastal city with approximately half a million population, the Gold Coast is
located on the south-eastern corner of the South East Queensland (SEQ) region, which also
comprises Brisbane, Logan, and the Sunshine Coast, all of which have recently demon-
strated an intent to develop into smart cities. Figure 1 below displays the location of the
Gold Coast in relation to the nearby cities and regional areas from both the Queensland
and New South Wales states.
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Figure 1. Map of the Gold Coast and its surrounding cities and regional areas, created by the authors
using satellite imagery from Queensland Globe [49] under the CC BY 3.0 AU license [50].

The Gold Coast is the sixth-largest city in Australia, with an expected population
figure of about three-quarters of a million by 2026 [51]. The city has a subtropical climate
with more than 80 kilometres of beaches on the eastern end and hinterland on the western
side. Characterised by a cluster of high-rise residential towers along the beaches, most
of the Gold Coast’s urban development and population are concentrated close to the
coastline. Given the increasingly limited availability of land in coastal suburbs, the Gold
Coast is currently experiencing suburban growth in inland outskirts, which is progressively
constrained by the hinterland. With an extensive network of waterways acting as barriers
to walking, cycling, and public transport, the Gold Coast is a car-dependent city. In recent
years, there has been a constant need for expanding the Gold Coast’s road infrastructure
to accommodate its rapidly growing volume of vehicular traffic [52]. As such, the Gold
Coast is facing a significant challenge for accommodating future growth in population,
traffic congestion [53], and housing demand [54] in a sustainable manner. In response to
this long-term challenge, the CoGC has specified an objective to transform the Gold Coast
into an “active digital city” where “data and real-time information [are used] to shape [the]
city” [55] (p. 14). As part of this objective, a sensor network will be installed to monitor and
manage the local transport infrastructure. Additionally, real-time data will be increasingly
used to support disaster responses, public safety, and other initiatives in the future.

The entire Gold Coast region is governed by the CoGC, making the council the second-
largest local government agency in Australia behind Brisbane regarding jurisdictional
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population size. Whilst tourism has historically been an important economic driver of
the Gold Coast, it also has a foothold in other industries, including education, sports,
film, marine, and ICTs. Accordingly, the council has recently displayed an intent to
develop these industries further to improve the Gold Coast’s profile as a major event
destination [56]. Driven by the prospect of hosting the Commonwealth Games in 2018,
the Gold Coast became the first city in Queensland to incorporate a light rail system into
its public transport services. Partly funded by both the Federal and state governments,
the project is identified as a successful example of the “Smart Infrastructure” pillar within
the Smart Cities Plan launched in 2016 by the Federal Government, with the other two
pillars underpinning the policy being “Smart Policy” and “Smart Technology” [57]. The
Smart Cities Plan considers delivering infrastructure to not just capital cities but also
for regional cities to support long-term growth. With the 2032 Olympic and Paralympic
games confirmed to be hosted in SEQ and seven venues planned throughout the Gold
Coast for the events [58], the city needs to utilise this major opportunity to address the
planning challenges it is currently facing. Especially given that the SEQ City Deal is still
under negotiation with the Federal Government after it was signed in March 2019 [59],
the strategic priorities need to be carefully thought out for future-proofing the city in this
context as interconnected smart cities at the regional level can be beneficial for stimulating
the development of innovative and inclusive urban infrastructure networks [60]. City Deals
involve a partnership between all government and community levels in driving long-term
investment and economic growth for eight Australian cities/regions, one of which is SEQ.

Smart city initiatives by major Australian metropolitan cities, such as Sydney, Mel-
bourne, and Brisbane, garner greater attention and benefit from legacy planning and
federal funding [61]. Brisbane was recognised as one of the earliest proponents of smart
city initiatives in the city-building process. Recently, Brisbane Vision 2031, the planning
scheme for Brisbane, identifies “smart, prosperous city” as one of its eight themes [62]. In
addition, the Smart, Connected Brisbane Framework focuses on Brisbane City Council’s
dedicated approach to enabling (a) user-centred design with clear goals and aspirations,
(b) pathways to collaboration, (c) fit-for-purpose and future-proofed infrastructure, and
(d) data usage for informed decision making [63]. Initiatives implemented under the
framework include projects on smart poles and road safety, and innovative technology
exploration in partnership with businesses, community, and universities.

On the other hand, the Gold Coast’s smart city journey commenced with its partic-
ipation in IBM’s Smarter Cities Challenge as a grant recipient in 2013, but, beyond this
milestone, the various smart city initiatives implemented for the city since then have been
ad-hoc compared to other cities [56]. Similar regional cities in Australia, such as the Sun-
shine Coast and Newcastle, are early adopters of smart city strategies and have charted a
more mature and unique approach. In particular, Newcastle has emerged with a strategic
vision that does not focus on corporate images of smart cities but prioritises solutions for
the local community’s needs [64]. In comparison, the Gold Coast is still in a state of infancy
in its transition to a smart city. Though, in recent times, the CoGC has been investing in
several smart city initiatives under the “Our sustainable city” program [65]. However, there
is still scope for a more co-ordinated approach. The SEQ City Deal proposition document
places greater emphasis on Brisbane, while the Gold Coast light rail is the only project that
the document highlights [66]. Additionally, in the case of Brisbane, advocacy groups such
as the Committee for Brisbane, which includes representatives from businesses, industry
bodies, and universities, publishes policy papers to position Brisbane as a highly liveable
city [67]. A similar stakeholder arrangement is lacking for the Gold Coast. Therefore, more
research and planning are needed to understand the unique challenges and opportunities
for the Gold Coast’s smart city transformation, thus motivating this study.

As previously shown in the literature review, the current concepts of smart cities are
transitioning away from just a technology-centred approach towards a more holistic ap-
proach. Despite the lack of a universal definition, several researchers have proposed smart
city frameworks to explain the emerging city model, e.g., [15,68–70]. Six key dimensions,
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including governance, economy, mobility, environment, people, and living, are recurring
themes in some frameworks. For this article, we identified the following five thematic
areas, developed in a previous study on the Gold Coast [71] and further expanded in this
research, as essential considerations for smart cities:

1. Cultural and natural amenities—the various quality of life factors, such as public
spaces, natural environment, events, and cultural activities and facilities.

2. Technology—implementation of ICTs and advanced telecommunication infrastructure
for the improvement of city systems and services.

3. Knowledge and innovation precincts—facilities for attracting, creating, and retaining
a knowledge workforce.

4. People and skills—attraction, creation, and retention of knowledge/creative workers
and businesses.

5. Governance—e-governance, strategic plans, stakeholder collaboration, and open data,
which are accessible to the public in real-time.

The themes above collectively form a conceptual framework of smart cities, which
is visually displayed in Figure 2 below. The figure also illustrates some of the key factors
underpinning each theme.

 

Figure 2. Key themes and factors for analysing the Gold Coast case study, adapted from [71].

The study applied the framework to the Gold Coast. Based on the five key themes
articulated in the framework, opportunities and challenges for the Gold Coast to develop
into a smart city were identified. The discussion below is primarily based on a critical
analysis of the city’s existing context and relevant policies and initiatives across both the
public and private sectors.

3.1. Cultural and Natural Amenities

The first theme is related to the quality of life, which can be enhanced by factors
such as natural environment, public spaces, events, and cultural activities and facilities.
Importantly, a high quality of life can act as a key catalyst for attracting knowledge/creative
workers, who are critical to creating a smart city.

The Gold Coast is promoted as a unique location with natural beauty and as an ideal
place to live, work, and play. As one of Australia’s most biologically diverse cities, the
city is home to several World-Heritage-listed rainforests, coastal ecosystems, and world-
renowned beaches, which are frequented by both locals and visitors alike. The Gold
Coast also comprises a range of entertainment facilities, such as theme parks and wildlife
sanctuaries, sporting and exhibition facilities, recreational facilities, and outdoor activities.
Nevertheless, the unique ecosystems within coastal cities like the Gold Coast are prone to
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natural hazard events. The CoGC has implemented some initiatives to mitigate these effects,
which are further discussed in Section 3.2. However, there is still scope for introducing
some of the emerging smart technologies and practices for coastal disaster management.
Some of the prominent uses of technology for disaster management include ICT-based
global and regional disaster alert systems, water-level monitoring through the use of
sensors, early flood detection and processing closed-circuit television (CCTV) imagery
for machine learning, foldable flood barriers, and transmission of disaster information to
smartphones [72].

As part of the city’s Culture Strategy 2023 vision, the first stage of Home of the Arts
(HOTA), a new Cultural Precinct seeking to showcase the Gold Coast community’s culture,
arts, and creativity to the world, has been recently completed [73]. In addition to HOTA,
several art galleries and museums are located throughout the city and have served as the
city’s popular attractions. Along with smaller events that are either free or low-cost, the
city also regularly hosts several major events. The rich diversity and availability of natural
environment, events, and entertainment and cultural facilities, which have all contributed
to making the city one of Australia’s most popular destinations, can play a major role in
attracting knowledge/creative workers.

However, the Gold Coast’s image and branding are often perceived poorly by the
rest of the country due to issues with safety, drugs, bikers, and violence, which are also
frequently overplayed by the media [74]. Meanwhile, swift population growth and the in-
creasingly limited availability of greenfield land supply on the Gold Coast have led to high
demand for new residential developments and rapidly rising housing prices [75]. Likewise,
a recently conducted study on the supply of affordable rental housing revealed that the
Gold Coast had the greatest shortage of affordable housing amongst large regional satellite
cities in Australia [54]. Throughout the COVID-19 pandemic, this situation has further
worsened with a large influx of interstate migration to the Gold Coast, adding to the strain
on the supply of affordable rental housing [76]. The Gold Coast’s negative image and lack of
affordable housing could be a significant barrier to attracting knowledge/creative workers.

3.2. Technology

The technology theme is related to the use of ICTs to improve how the city operates and
the availability of advanced telecommunication infrastructure. In addition to improving
the efficiency of several city services, these technologies can play a vital role in attracting
knowledge workers to a city. They can also support land use intensification policies to
address land supply shortages and their associated issues such as traffic congestion and
lack of housing affordability.

The CoGC, through its Local Government Infrastructure Plan and Economic Develop-
ment Strategy 2013–2023, promotes smart infrastructure development in three key areas,
namely, climate change response infrastructure, transport infrastructure, and ICT trans-
formation [77]. As a city prone to a rising sea level, coastal erosion, and other climate
change issues, the CoGC utilised the IBM Smarter Cities Challenge grant as a measure to
improve its climate change resilience and response capabilities. The establishment of the
Transport Coordination Centre during the 2018 Commonwealth Games [78] has improved
the efficiency and attractiveness of the local public transport infrastructure by providing
real-time information. Likewise, the recently implemented ICT Transformation Program
has enhanced the council’s digital customer service capabilities [77].

The CoGC has recently implemented a range of ICTs to improve the operational
efficiency of the city’s infrastructure. Wireless sensors have been installed at Springbrook
National Park, a 6725-hectare World-Heritage-listed rainforest, to monitor environmental
variables and track biodiversity restoration [79]. The Gold Coast Waterways Authority
manages and protects the 260-kilometre stretch of navigable inland waterways throughout
the city. In early 2020, the agency collaborated with the Queensland University of Technol-
ogy and invested in a smart camera trial to study the waterways. The trial will use machine
learning and statistical analysis to investigate the type of vessels using the waterways
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and to document marine incidents and weather conditions [80]. The CoGC has invested
in several water infrastructure solutions to improve the city’s water resilience. Drinking
water quality and safety are ensured through regular testing and sampling, the results of
which can be accessed by the public using the online interactive mapping tool [81]. Since
June 2020, the council has been upgrading existing water meters with smart metering
devices that can collect, transmit and analyse water-usage data. The CoCG envisages
“access to near real-time water-use data” for non-residential users in the first stages of the
smart water meter project [82].

The mid-life review of Gold Coast Transport Strategy 2031 identified traffic congestion
management as one of the key priorities. In addition to the major road and intersection
upgrades proposed, the review recognised opportunities for employing ICTs to gather and
share real-time traffic information, monitor incidents, and coordinate traffic control [52]. As
part of the strategy, the CoGC has implemented two fully automated parking-enforcement
units. The vehicle-mounted units employ cloud-based, preloaded parking rules and include
automatic license-plate-recognition cameras.

In December 2020, the Gold Coast became the first city in Queensland to incorporate
smart ticketing into its public transport system. The project has enabled payments for trips
to be made using smartphones, smartwatches, or debit/credit cards, effectively replacing
existing card- and ticket-based systems [83]. By increasing the convenience of using public
transport, the smart ticketing system will expectedly drive the city’s public transport
patronage, which has substantially expanded following the recent introduction of the
light rail [84]. Stage 2 of the light rail was completed in December 2017 ahead of the
2018 Commonwealth Games, and two additional stages are planned for further expansion
of the infrastructure. Enhancing the use of public transport will aid in reducing the amount
of land and investment required for accommodating vehicular traffic in the future, thus
assisting in land-use intensification for the city. In addition, the CoGC has invested in
renewable energy technology for sustainable transport options. The installation of ten
electrical charging stations in 2021 [85], an example of which is shown in Figure 3 below,
demonstrates the council’s intent to promote the use of alternative fuel vehicles on the
Gold Coast.

 
Figure 3. An electric vehicle charging station at HOTA (source: authors).

A major telecommunication infrastructure in Australia, which has received significant
political, public, and media attention over the past decade, is the National Broadband
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Network (NBN). As at September 2021, most of the urban areas of the Gold Coast are
serviced by fixed-line NBN infrastructure [86]. The NBN was expected to provide high-
speed broadband access to all Australian households [87], yet its average internet speed
is one of the lowest amongst OECD countries [88]. Most Australian cities, including the
Gold Coast, have experienced a high level of internet congestion and the resulting lower
internet speed throughout the COVID-19 pandemic [89] due to the increased adaptation
of remote working from home induced by government-imposed lockdowns [90]. Cities
like Adelaide have invested in enterprise-grade fibreoptic networks to establish the “Ten
Gigabit Adelaide” network for seamless and high-speed internet connection [91]. Likewise,
several other regional cities in Australia have made similar investments to attract busi-
nesses (e.g., Bendigo, with its 100-gigabit network [92] and the Sunshine Coast, through the
international submarine cable connected to its “new Gigabit Maroochydore City Centre”
project [93]). As part of its objective to transform the Gold Coast into an active digital
city, the CoGC has recently invested in a range of infrastructure to facilitate digital con-
nectivity for the city. Table 1 below outlines the range of existing and developing digital
infrastructure on the Gold Coast.

Table 1. Summary of digital infrastructure on the Gold Coast, adapted from [94].

Infrastructure Type Details

Internet of Things • Installation of a commercial-grade low-power wide-area network (LPWAN), which enables
large-scale Internet-of-Things (IoT) applications and encompasses more than 1300 km2.

Telecommunications • Council-invested telecommunications network, which is expected to enhance local internet
speeds and enable the council to keep rates low.

Fibreoptic network
• The CoGC is the first council in Australia to invest in an 864-core carrier-grade fibreoptic

network, covering more than 95 km;
• Provision of 1 gigabit-per-second internet speed in the Gold Coast Health and Knowledge

Precinct, further discussed below, and additional locations in the future.

Free Wi-Fi • Provision of free Wi-Fi for residents, visitors, and local businesses in the major urban
centres of the city.

Data intelligence • Digital City Insights (DCI)—a council initiative utilising data collection, research, and analysis
to develop new insights for guiding the council and local businesses [95].

Open data portal
• Availability of Geographic Information System (GIS) data on the council’s Open Data Portal

for public use;
• Published datasets include information on council administration, local environment, parks and

recreation, planning and building, stormwater, transport, and water and sewerage services.
Mobile app • City App—the CoGC’s mobile application for access to online council services.

The CoGC’s investment in telecommunications and fibreoptic networks will crucially
support working-from-home arrangements both throughout and post the COVID-19 pan-
demic. As such, the infrastructure can potentially play an important role in land-use
intensification in the future, thus addressing the city’s land use supply issue previously
discussed.

The CoGC’s investment in a range of relevant technologies to create digital connec-
tivity for the Gold Coast illustrates the council’s proactive approach to ensuring adequate
telecommunication infrastructure in line with its corporate plan. However, with increasing
competitiveness amongst other regional cities for digital connectivity dominance, it is rele-
vant that the Gold Coast continues to upgrade its digital infrastructure to stay ahead. This
can be challenging, however, as the council has been reducing its yearly rate increases since
2012. The city’s rates are the second-largest source of income for the council, contributing
to approximately one-third of the budget [96]. Additionally, limited funding could be
available for future smart city initiatives, especially in the post-pandemic period.
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3.3. Knowledge and Innovation Precincts

The third theme applied to the case study is associated with knowledge and inno-
vation precincts, which play a critical role in attracting, nurturing, and retaining knowl-
edge/creative workers.

Several ICT office parks are located throughout the Gold Coast and specifically cater
to the needs of ICT businesses. As part of the CoGC’s Pacific Innovation Corridor strategy,
Varsity Lakes, a master-planned community adjoining Bond University, has been desig-
nated as a specialised ICT hub with offices for ICT businesses. In addition to Varsity Lakes,
Southport, the city’s central business district, has been designated as another ICT hub.

The Gold Coast is also home to Village Roadshow Studios, a creative precinct provid-
ing world-class film production facilities where several film companies are jointly located.
With various film equipment and facilities available on-site, the precinct’s primary com-
petitive advantage is its relatively higher cost-effectiveness for film production than other
major filming locations such as Los Angeles. The CoGC [97] (p. 11) describes the Gold
Coast as “an enviable [filming] location for any production company” due to Village Road-
show Studios, easily accessible and diverse locations, and readily available production
crews who are experienced in both film and television. The CoGC is also the only local
government agency in Australia to offer financial and non-financial incentives to attract
film and television productions to the city through its Screen Attraction Program. To date,
several high-profile films and television series have been produced on the Gold Coast
(e.g., Aquaman, Thor: Ragnarok, San Andreas, Peter Pan, and Terra Nova).

The Queensland Government has recently established the 200-hectare Gold Coast
Health & Knowledge Precinct (GCHKP) in Southport. The mixed-use precinct comprises
Gold Coast University Hospital, Gold Coast Private Hospital, a co-working and innovation
hub, a residential precinct, and a Griffith University campus. In addition to the GCHKP,
the other two universities on the Gold Coast are also co-located with hospitals. Bond
University is situated in proximity to Robina Hospital. On the other hand, two major
hospitals, namely, John Flynn Private Hospital and Tweed Hospital, adjoin Southern Cross
University’s Gold Coast campus. The three universities have been collaborating with their
nearby hospitals to provide practical experience for their medical students. The co-location
of the universities and the hospitals throughout the Gold Coast not only promotes the city
as a desirable location for medical studies but also locally generates knowledge workers in
the healthcare industry.

Another major knowledge precinct, which plays an important role in attracting and
generating knowledge workers for the city, is centred around the Southern Cross University
campus. The campus is located inside Gold Coast Airport, one of the fastest-growing
airports in Australia. This co-location of an airport and a university campus is the first of
its kind in Australia as of 2018 [98]. The knowledge precinct has significant knowledge
creation implications for the Gold Coast as the airport attracts fly-in/fly-out students both
domestically and internationally [99].

However, due to the historically car-oriented design of the Gold Coast, there is cur-
rently a lack of direct connectivity, particularly by walking, cycling, and public transport,
between its knowledge precincts [100]. Enhancing the connectivity between the precincts
could facilitate further training for students and additional collaborative initiatives between
the universities and the hospitals. The recently implemented smart ticketing system for
the local public transport and the light rail, both previously discussed, will play a critical
role in promoting public transport connectivity between these knowledge precincts. The
planned installation of a sensor network across the city’s transport network will aid in
alleviating traffic congestion and reduce travelling time, thus assisting in strengthening the
transport connectivity between the knowledge precincts.

3.4. People and Skills

The article now examines the theme of people and skills associated with attracting,
creating, and retaining knowledge/creative workers and businesses in a city.
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Gold Coast TechSpace, a community innovation hub, regularly delivers workshops for
local communities to learn about different technologies, such as robotics, green technologies,
and a range of hardware and software. It also provides different memberships to cater
to a range of interests and needs amongst community members. The organisation plays
a significant role in educating local ICT workers for the city. The Gold Coast Innovation
Hub, a not-for-profit organisation established in 2017 through a partnership of several
stakeholders, provides physical and virtual co-working spaces to connect and support start-
ups and foster the “innovation ecosystem” of the Gold Coast [101]. Likewise, in partnership
with Telstra and other ICT companies, the CoGC launched the Mayor’s Telstra Technology
Award in 2014. The event, which has been running on an annual basis, invites high-school
students to submit innovative ideas for new technology products. During the competition,
students are mentored by representatives from Bond University, Telstra, and Startup
Apprentice to transform their initial ideas into a concrete plan [102]. Startup Apprentice, a
local organisation recently established in response to the high youth unemployment issue
in the city, has been providing after-school entrepreneurship education to local students.
It aims to equip students with entrepreneurship. The Mayor’s Telstra Technology Award
and Startup Apprentice play an important role in nurturing young, local entrepreneurs for
the city.

In recent years, the CoGC has implemented several initiatives to attract international
students to the Gold Coast. The council currently has active Sister City Agreements for
student exchange programs with cities in China, the United Arab Emirates, the United
States, Japan, Taiwan, and New Caledonia [103]. However, in contrast to metropolitan
cities in Australia, the Gold Coast has a relatively limited range of employment options due
to its dependence on tourism and associated industries. The relative scarcity of the Gold
Coast’s employment opportunities may constrain the city’s ability to attract and retain
tertiary students and knowledge/creative workers.

3.5. Governance

The article now examines the theme of governance, which relates to e-governance and
strategic plans, stakeholder collaboration, and the availability of real-time open data.

Smart city policy at the local government level has been gaining prominence in
Australia, with several cities implementing smart city strategies in addition to state-level
policies [61]. For instance, Brisbane City Council launched its “Smart, Connected Brisbane
Framework” [63], outlining its vision for achieving goals for Brisbane using innovation,
technology, and data. The Sunshine Coast Regional Council [104] adopted the Sunshine
Coast Smart city framework in 2016 and set out the Smart City Implementation plan
2016–2019. Likewise, in 2018, Logan City Council released its City Futures Strategy, a
smart city plan which is aligned with the Smart Cities Plan and the council’s other strategic
plans [105]. In contrast, the CoGC has not yet implemented a specific smart city strategy or
framework. The Corporate Plan—Gold Coast 2022, which highlights the council’s strategic
directions for the Gold Coast, identifies a few key plans and programs to realise the outlined
objective of becoming an active digital city [55], without underlining specific strategies or
implementation plans. This objective centrally focuses on the use of technology to shape
and manage the city. The other themes critical to the creation of a smart city—namely,
cultural and natural amenities, knowledge and innovation precincts, and people and skills—
have not been addressed in the corporate plan for the purpose of transforming the Gold
Coast into a smart city. As such, the objective does not sufficiently integrate the different
elements of smart cities in its current state.

The smart city objective in the CoGC’s corporate plan has not been adequately in-
tegrated into the strategic framework of the City Plan, the council’s planning scheme
regulating land uses throughout the Gold Coast. Without sufficient incorporation of smart
city directions into the City Plan, future development driven by the private and community
sectors may inhibit the Gold Coast’s evolution into a smart city. In contrast, Brisbane’s
planning scheme articulates the establishment of the city as a “smart, prosperous city” as a
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central theme. The document specifies that “Brisbane’s highly-skilled workers will be a
major competitive advantage for local businesses and attract new businesses to the city”
and that, by 2031, Brisbane will be “a major Australian study destination for international
students” [62].

The Gold Coast is one of the first three Australian cities to participate in the Open &
Agile Smart Cities (OASC) initiative, along with Brisbane and Springfield [106]. OASC is an
international collaborative program comprising more than 150 cities from around the globe
as of December 2020, according to the OASC’s website. The initiative seeks to promote the
development of smart cities using standard Application Programming Interfaces (APIs)
and datasets amongst member cities. Through its Open Data project, the CoGC provides
access to a broad range of GIS data through its online Open Data Portal. However, in an
Open Data Forum event recently hosted by the CoGC, data ownership has been highlighted
by local ICT businesses as a major barrier to creating innovative information products for
the public. Whilst some datasets are under the council’s ownership, others are exclusively
owned by other government agencies, thus preventing adequate access. The CoGC has also
been actively collaborating with several businesses to spearhead the development of the
city’s knowledge industry, infrastructure, and workers. For instance, the council has been
working with CoastalCOMS, a local ICT firm, in monitoring the city’s beach conditions
and is a Founding Partner for TechSpace. The Open Data project, which can encourage
innovative information products and services to be created by individuals and businesses,
also heavily involves the private sector to ensure a comprehensive data range is available
to the public.

The CoGC has implemented some e-governance initiatives for more efficient city
management and to improve the accessibility of its services to the public. The council
released a smartphone app named “City App” in 2019, which functions as a central point
of communication for local citizens and visitors to report non-urgent issues throughout
the city, such as graffiti, illegal dumping of rubbish, water leaks, and abandoned vehicles.
It also allows photos taken with smartphones to be attached to a report. However, as of
10 September 2021, the app has attracted poor ratings on both Apple’s App Store (2.1 out
of the possible 5 stars) and Google’s Play Store (1.9 out of 5), with reviews highlighting
issues associated with the app’s layout, navigation, and functions. Another e-governance
initiative of the CoGC is related to its rates and water bills, which were previously only
mailed to residents in a paper format. The council’s website now enables residents to
instantly update their contact details and view and pay their rates and water bills.

The CoGC has a community engagement program to facilitate and encourage public
participation in generating ideas for shaping the city’s future. The council also has an
online platform titled “GC have your say,” where residents can share their opinions on its
draft strategies and policies. In addition, the platform allows residents to provide feedback
on development applications requiring public notification before the council’s decision
is made. In recent years, local Gold Coast community members have been involved in
providing feedback on several plans and policies, such as the Gold Coast City Transport
Strategy 2031, the Culture Strategy 2023, and amendments to the City Plan. However,
the majority of community engagement undertaken by the council has historically been
initiated at the stage when a draft plan has been finalised. This process inherently limits
the ability of local community to shape the council’s plans and policies. Alternatively, if
community members were engaged at an earlier stage of the plan-making process, their
ideas would influence these documents and the future of their city to a greater extent [107].

Figure 4 below summarises the opportunities and challenges for developing the Gold
Coast into a smart city.

The dotted lines between the five themes in Figure 4 above reflect the ad hoc nature
of the Gold Coast’s smart city development to date. The CoGC has been proactive in
developing the city into a smart city, evident from its implementation of several initiatives
that complement the different smart city themes in Figure 4. However, the existing strategic
objective for the city to become a digital city primarily considers the technology dimension
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of smart cities. As such, there is an opportunity to holistically integrate all five smart
city dimensions outlined in Figure 4 across the relevant strategic and statutory planning
frameworks for the Gold Coast. There is also an opportunity to systematically assess the
potential of smart city ideas and ICTs to contribute to each of the five themes and to the
suggested integration of the themes. Capitalising on these opportunities will enable future
initiatives, investment, and development on the Gold Coast to support, rather than inhibit,
the city in its transformation into a smart city.

 

Figure 4. Opportunities and challenges for developing the Gold Coast into a smart city.

4. Conclusions

As cities continue to become increasingly globalised and competitive and move
towards the knowledge and information economy, the concept of smart cities is gaining
worldwide traction. This study examined the nature of smart cities through a literature
review, which revealed five important dimensions of smart cities, including: cultural and
natural amenities, technology knowledge and innovation precincts, people and skills,
and governance. These factors were organised into themes, which collectively form a
conceptual framework of smart cities. The framework was then applied to the case study of
Australia’s Gold Coast, a regional city still in its infancy in its smart city journey, to identify
key challenges and opportunities for its development into a smart city. The following
seven key lessons for developing regional cities into smart cities can be drawn from the
case study:

(1) The Gold Coast’s successful bid for hosting the 2018 Commonwealth Games helped
the city to attract external investments in smart infrastructure such as IBM’s Smarter
Cities Challenge grant and the city’s light rail infrastructure, which received state
and federal funding support. The 2032 Olympics and Paralympics provide another
excellent opportunity to attract funding in smart infrastructure for both the Gold
Coast and the whole SEQ region. The Gold Coast’s success in securing funding by
leveraging a major international event is an example that other regional cities can
follow in attracting external investment for smart city initiatives.
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(2) Cultural and natural amenities play an important role in attracting and retaining
knowledge workers, particularly for regional cities, as they may lack the “pull factors”
that metropolitan cities often do. The nature of these amenities can be tangible
(e.g., entertainment and lifestyle amenities, natural landscapes, and cultural precincts)
or intangible (e.g., city’s image and branding and housing affordability).

(3) Ensuring widespread availability of high-speed internet infrastructure is essential for
supporting remote-working arrangements, which have become critically important
throughout the COVID-19 pandemic, and for improving global competitiveness of
cities. Future-proofing digital infrastructure is especially relevant before a major event
such as the Olympic Games 2032, which has long-term planning implications for the
Gold Coast.

(4) The partnership between a university and state and local governments to establish the
Gold Coast Health & Knowledge Precinct has strengthened the Gold Coast’s health-
care and education industries. Other regional cities can apply a similar partnership
arrangement to diversify their economic bases and attract knowledge workers.

(5) Government-collected data related to the natural and built environments should be
made available to the public in real-time. However, when publishing this data, issues
associated with data ownership should be addressed to allow local stakeholders to
efficiently access and utilise the data and to create useful information products and
services for the public.

(6) Planners should ensure that smart city directions articulated in strategic plans are ad-
equately reflected in the city’s land-use regulations. By doing so, future development
will become more aligned with smart city objectives, which could assist in expediting
the overall process of smart city development. The SEQ City Deal also provides
a significant opportunity for coherently strategising the region’s future priorities,
including smart city developments for the Gold Coast and other cities in the region.

(7) Planning frameworks should holistically integrate the different elements of smart
cities. The current strategic objective for the Gold Coast to become a digital city
places a strong emphasis on the technology dimension of smart cities. However,
other dimensions highlighted in this study, including cultural and natural amenities,
knowledge and innovation precincts, people and skills, and governance, are also
important considerations for developing smart cities.

These lessons have potential applicability to not only the Gold Coast but also other
emerging regional smart cities around the world.
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Abstract: During the last couple of decades, making cities smarter and more sustainable has be-
come an important urban agenda. In this perspective, knowledge-based development is seen as a
strategic approach for cities seeking to thrive through innovation and resilience. Accomplishing a
knowledge-based development agenda is, however, challenging, and cities need support mechanisms
to effectively develop and then incorporate such agendas into their decision-making processes. This
study investigates the role of international events as one of these support mechanisms for the devel-
opment and implementation of local knowledge-based development agendas. The study aims to
address how international events contribute to the local knowledge-based development efforts. This
study takes the Knowledge Cities World Summit (KCWS) series as the exemplar international event,
and the Brazilian city of Bento Gonçalves as the case study city. The methodological approach of the
study consists of semi-structured interview-based qualitative analysis and case study investigations.
The findings of the study revealed the following: (a) international events can be fundamental drivers
of local knowledge-based agendas; (b) these events contribute to host cities’ development, especially
at an institutional level, by generating outcomes such as engagement in cooperation networks and
leveraging local actors’ influence on the development process; and (c) KCWS was instrumental in
placing the local university as a protagonist of the knowledge-based development movement of
Bento Gonçalves. The study reported in this paper provides invaluable insights for cities seeking to
use international knowledge-based development events for smart and sustainable city formation.

Keywords: knowledge-based development; knowledge-based urban development; smart and sus-
tainable city; sustainable urban development; local development; urban development; knowledge
cities world summit; international events; Bento Gonçalves; Brazil

1. Introduction

During the last decades, global economic, political, and environmental dynamics
territorialized at the local level are changing the urban context and creating unprecedented
challenges for cities [1,2]. Increased competition for investment capital, socioeconomic dis-
parities, digital and knowledge divides, pandemics, escalating natural disasters, and other
climate change effects are some of these global-scale issues currently facing cities [3–5].

Urbanization’s extraordinary growth of the last decades, which will continue in the
upcoming ones, especially in emerging economies [6,7], has turned global sustainability
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into an increasingly local agenda, and cities into an arena where the battle for sustainable
development takes place [1,8–10]. The inclusion of a goal exclusively aimed at cities
(SDG #11—Sustainable Cities and Communities) in the United Nations 2030 Agenda for
Sustainable Development [11] is representative of how urban sustainability is now critical
for the global development strategy [8].

For urban planners, policymakers, and city managers, urban development in this
context involves challenges such as attracting and allocating resources for infrastructure
implementation, expansion, and the management of services. Most importantly, it also
involves the support of an institutional structure that converses with the different agents
of the development process while ensuring adequate and effective governance of the
city [7]. Moreover, the COVID-19 pandemic has highlighted the importance and urgency of
evidence-based urban planning to provide efficient and effective responses to cities during
crisis episodes such as this [12].

These are neither quick nor simple endeavors for any city, and they may be even more
challenging for cities in developing nations, where most future urban growth is expected
to occur [6]. For these cities, the challenges of fast-paced urbanization and sustainable
development are even greater, as they are often faced with limited financial resources and
small institutional capacity for urban planning and enforcement [7,13–16]. Furthermore,
different studies have indicated that medium- and small-sized cities in developing countries
may face even more challenges to achieve sustainable urban development [3,8,13,17].

Amidst these difficulties, new smart technologies, especially in the field of information
and communication technology (ICT), have been regarded as the main instruments for
solving complex urban problems, making the “smart city” emerge as the urban model to
be achieved in the 21st century [2,18]. Initially, on a practical level, the smart city approach
was strongly associated with applying data science and smart technology in the urban
context [19]. Recently, this approach has been updated to the “smart and sustainable
city” model, as it has become progressively clear that technology alone is not the solution
to all cities’ problems [2,20]. Instead, to be truly smart and sustainable, cities need a
holistic approach that uses the opportunities provided by technology applications as a
means of promoting all areas of urban development—economic, social, environmental,
and institutional [2,8,20].

1.1. Knowledge-Based Development of Smart and Sustainable Cities

In the last two decades, knowledge-based development of cities or knowledge-based
urban development (KBUD) has been increasingly applied as a strategic approach for the
promotion of smart and sustainable cities [21–24]. Conceived in the 1990s [25], over the
years, the KBUD framework has undergone significant updates [23], becoming consolidated
as a prevalent policy for cities and regions seeking to thrive through the paths of innovation
and sustainability.

KBUD has become increasingly popular as a planning and development approach for
cities and regions interested in transforming knowledge resources into local smart and sus-
tainable development [25–28]. By encouraging the attraction, development, and retention
of intellectual and human capital, and by fostering innovation and knowledge dynamics,
KBUD leverages urban transformation [21], advancing innovative capacities [29], diver-
sifying the economic base [24], upgrading infrastructures [30], and improving quality of
life [31]. Furthermore, KBUD can operate as a powerful, multidimensional, and integrated
platform that facilitates the application of smart solutions at a practical level, without losing
sight of all of the dimensions of sustainability [22].

In order to do that, KBUD’s conceptual framework (Figure 1) draws upon a multidis-
ciplinary and balanced perspective that considers urban development through four main
elements, or policy domains, namely economic, sociocultural, spatial (or environmental),
and institutional [23,28,29,32].
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Figure 1. Conceptual framework of KBUD, derived from [29].

The economic development perspective places knowledge as a strategic resource and
aims to achieve development by leveraging local endogenous knowledge assets and local
research and development (R&D) and innovation processes [26,29].

The socio-cultural development perspective considers that citizens’ skills and knowledge
are critical for the community’s development. This perspective advocates that socio-cultural
development can only be achieved through social equity, diversity, independence, and
strong human and social capitals [28,29].

The enviro-urban (spatial) development perspective values sustainable and environmen-
tally sound alternatives for the spatial improvement of cities, emphasizing the importance
of security and quality of life in urban development [23,33,34].

The institutional development perspective acts as an enabler of the former three through
the application of strategic planning, institutional leadership, and partnership principles. In
KBUD’s framework, governance processes established through partnership and collaboration
with all local development actors are elements that improve the city’s management [26–29].

Integration and balance among the four perspectives are central to the success of
KBUD initiatives, and cities must give equal attention to all policy domains if they want to
achieve prosperous knowledge-based urban development [32].

Cities interested in planning and implementing KBUD approaches must start by
forming a long-term KBUD strategy and adapting their planning mechanisms to it [27]. A
comprehensive understanding of the unique characteristics; the identity differences; the
diverse socioeconomic and socio-spatial forms; and, mainly, the valuable knowledge assets
of the city must be at the heart of a KBUD process [28,31,35–37]. A central position is given
to universities, seen as critical knowledge assets, deeply embedded in systems of innovation
and knowledge training, generation, exchange, circulation, and commercialization [35,38].
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Additionally, essential for the success of a KBUD process is the ability of city managers
and policymakers to establish and cultivate collaboration through a partnership model,
often a triple-helix model, in which the collaborative action of the university, government,
and the private sector produces innovation and economic development [39,40]. The
KBUD strategy raises universities and research institutes to a more prominent position,
moving from a supporting to an entrepreneurial role [39,41]. The KBUD approach also
recognizes the benefits of a quadruple-helix model, where the community joins forces with
the university, government, and the business sector [35,41]. KBUD’s success is heavily
dependent on community support and support policies [26,40]. Research on this topic has
indicated that local actors play a differential role in planning and implementing efforts,
and, therefore, must participate in the orchestration of the local KBUD [7]. This requires
awareness amongst all local development actors on the importance of supporting the
KBUD frameworks [42].

Therefore, the effectiveness of KBUD depends on how the policy is formulated, imple-
mented, and supported. However, long-term strategic vision and sound policies, plans,
and actions, although fundamental aspects for a successful KBUD, are not a trivial arrange-
ment for most cities and, as previously seen, can be even more challenging for cities in
an emerging economy context [7]. Insofar KBUD is a robust strategy capable of leverag-
ing urban development in a smart and sustainable way, it demands the use of different
approaches and instruments for successful implementation [27]. In order to make KBUD
their development strategy, cities need innovative solutions and affordable tactics and tools
to successfully incorporate KBUD into their urban management processes and achieve
effective, inclusive, and resilient local smart and sustainable development.

To date, several cities around the world have found a way to innovation and
sustainability through KBUD, including, for example, Austin (USA), Barcelona (Spain),
Delft (Netherlands), Helsinki (Finland), Melbourne (Australia), Montreal (Canada), and
Stockholm (Sweden) [25,32,35]. A number of others have been engaged in planning and im-
plementing KBUD strategies in the pursuit of sustainable economic growth and prosperity,
e.g., Bento Gonçalves (Brazil), Brisbane (Australia), Dublin (Ireland), Florianopolis (Brazil),
Istanbul (Turkey), Monterrey (Mexico), Shenzhen (China), Shanghai (China), and
Tampere (Finland) [7,23,26,28,30,35,43].

A closer look at the development journey of these cities shows that each of them took
a different pathway for KBUD implementation. Nevertheless, some similarities can be
drawn. Some of these cities, for instance, shared the fact of having hosted, during their
KBUD implementation process, a renowned international event specifically focused on
the theme of knowledge-based urban development, namely, the Knowledge Cities World
Summit (KCWS) series. This, and the fact that these host cities are succeeding in their
KBUD endeavors, has raised interest in investigating the relationship between international
events and knowledge-based development at a local level.

1.2. International Events and City Development

The connection between events and cities dates back to the beginning of urban his-
tory, as events sprung from the very fundamental human need for economic and social
exchange [44]. In the last decades, cities and regions have been using events to generate
a growing range of outcomes in different areas, including in the policy domain [45]. The
theme of sustainability, for example, has gained much more visibility, as events such as the
United Nations Climate Change Conferences (COP) and the UN-Habitat Conferences have
gained importance and prominence worldwide [46–48].

Additionally, cities are progressively moving from a passive role, as merely a location
or backdrop for events, towards a more proactive use, by drawing different policy agen-
das [49]. In the economic domain, events are commonly associated with the attraction of
new investments; income generation; increases in retail activities, employment, and tax
revenues; and opportunities to diversify the local economy [44,50–56]. The socio-cultural
contributions assessed include knowledge exchange and the transmission of local cultural
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values and traditions, while impacts often comprise improvements in the standard of
living and quality of life, strengthening of local or regional identity, and increase in com-
munity’s self-esteem [55–57]. Events can play a significant role in the urban landscape as
well, leading to urban revitalization, regeneration, and development [5,50,52,57–61]. At
an institutional level, events can contribute directly to the learning and development of
the cooperation capacity [61]. The theme of cooperation is a key notion in the literature on
smart cities. Drawn from John Dewey’s cooperative democracy, the concept is mobilized
to deal with the governance challenges and democratic deficits of Brazilian cities [62]. In
the policy field, researchers have identified that events may create shared understandings
capable of motivating engagement in joint action [63], or act as catalysts of change in an
institutional field [47]. For instance, events can bring together actors and partners that
do not often interact, creating unusual discursive spaces that enable information flows
and innovation [48]. In light of this, cities have progressively adopted a more integrated
approach in which events can be part of broader policy frameworks, and policymakers can
employ a range of different strategies to increase the benefits of events for different stake-
holders [49]. The intensity and sustainability of these benefits are dependent on whether
the event is the product of a dispersed and fragmented endeavor or part of a strategic
development trajectory. To maximise the benefit from hosting events, cities need to use
them to serve their long-term planning or development goals [5,50,60,61]. A clear strategy
for the post-event period, designed and planned with the support and commitment of local
and political stakeholders, is also critical to meeting broader urban objectives [57].

This paper is specifically interested in exploring the relationship between events and a
KBUD strategy by analyzing how an international event on knowledge-based development
can contribute to the local KBUD of the host city. In order to do this, the study places the
Knowledge Cities World Summit (KCWS) under the microscope, an international annually-
held event with the aim to shed light on the various dimensions of a city’s KBUD [64].

Held for the first time in 2007 in Monterrey, Mexico, throughout its editions, 11 different cities
around the world have hosted the summit, namely: Shenzhen (China, 2009), Melbourne
(Australia, 2010), Bento Gonçalves (Brazil, 2011), Matera (Italy, 2012), Istanbul (Turkey,
2013), Tallinn (Estonia, 2014), Daegu (Korea, 2015), Vienna (Austria, 2016), Arequipa (Peru,
2017), Tenerife (Spain, 2018), and Florianopolis (Brazil, 2019). The 13th edition, in 2020,
was meant to take place in the usual face-to-face mode in Tijuana (Mexico). However,
due to COVID-19 pandemic restrictions, it was held in an online summit format, with an
operational base in Monterrey (Mexico).

In this study, in order to gain an in-depth view and explore the topic in different dimen-
sions, covering contextual settings, one of the host cities was selected as an object for a case
study: the city of Bento Gonçalves, which hosted the fourth edition of the KCWS in 2011.
Bento Gonçalves is a small city (with over 121,000 population) located in southern Brazil,
yet it is recognized on the national scene as a relevant cultural, touristic, and economic
hub. The city attracted international attention in 2019 after receiving the MAKCi Award
(Most Admired Knowledge City Award) as an emerging knowledge city, which increased
the interest in investigating how KCWS may have affected the city’s KBUD trajectory.
Furthermore, taking Bento Gonçalves as a case study meets the importance of developing
more studies on KBUD in medium- and small-sized cities [65,66] in emerging countries [7].

The analysis of the collected data indicated that the KCWS’s role in the KBUD of the
host cities is that of an enabler, promoting the exchange of knowledge, increasing awareness,
building networks, and highlighting development actors’ relevance to the KBUD process.
In Bento Gonçalves, the study identified several KBUD initiatives and achievements, some
of them dating back to an older historical context. Others are related to events held in
2011, such as the city’s MAKCi Award in 2019. Among the most relevant contributions
of KCWS to Bento Gonçalves’ KBUD are those associated with the university’s role in
local development. KCWS contributed to increasing the hosting university’s influence
over different regional development agents and placed it at the center of the local KBUD
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movement. From this, other effects and other KBUD initiatives were developed in the city,
even in the region.

The remainder of the paper is structured as follows: In Section 2, we present the
methodological procedures carried out in the development of the study. Section 3 reports
the main research findings, which are then discussed and interpreted in Section 4. Finally,
Section 5 summarizes the research content presented, highlighting lessons derived and
future perspectives.

2. Materials and Methods

The methodological approach of this paper drew upon two main research strategies:
a semi-structured interview-based qualitative analysis [67,68], which was adopted for
empirical investigation of the annually held event, i.e., KCWS, and a case study strategy,
which covered the contextual dynamics and particular settings on the specific case of the
Brazilian city of Bento Gonçalves, which hosted the fourth edition of the KCWS in 2011.

2.1. Data Collection and Analysis

KCWS is promoted by the World Capital Institute (WCI), a non-profit professional
association that operates as a network focused on professional community building and
diffusion activities on knowledge-based development [69]. The research design included
semi-structured interviews with key members of the WCI Executive Board to gain insight
into KCWS as a whole and the role it plays on the KBUD of host cities. The selection of
interviewees was done through purposive sampling and sought to include key people
involved in the conception, development, and promotion of the KCWS since its outset.
The purpose was to capture KCWS’s creators and promoters’ perspectives regarding the
aims, achievements, and challenges of taking the event to the selected cities. This approach
relied on interviewees’ discursive accounts of their experiences and perceptions of the
event throughout the years and how it has contributed to host cities’ development.

Based on the research objectives, an interview script was developed and tested with
people familiar with the research topic. After considering their feedback, the final interview
guide consisted of the following five key questions: (a) KCWS’s selection criteria and goals
for host cities; (b) event’s stakeholders and their aims for hosting KCWS; (c) achievements
and impacts triggered as a result of KCWS; (d) tools, methods, and indicators to measure
those impacts; and (e) challenges and opportunities regarding the summit series.

The interviews were conducted in May 2020 through Skype or Google Meet platforms,
and each lasted between 45 and 100 minutes. They were digitally recorded and manually
transcribed. During the interviews, some participants referred to documents and archival
content to illustrate or amplify the comprehension of the topics discussed. This material
was collected for analysis as a complementary source of evidence about KCWS.

Data analysis procedures were performed through the content analysis method [70,71].
A Computer-Assisted Qualitative Data Analysis Software (CAQDAS), namely NVivo, was
used to support the coding process of the interviews’ transcripts and later to facilitate
iterations within the data coding and analysis. The process included two subsequent
coding cycles [72]. For the first cycle, categories based on the key questions that guided
the semi-structured interviews were defined and applied through the structural coding
method [72]. Then, in the second coding cycle, the pattern coding method [72] was used
to identify emergent topics, providing a second, and in some cases, even a third, level
of codes (subcodes) derived directly from the interview’s content. The data corpus was
carefully read and analyzed multiple times in each cycle until a point of saturation [70]
was reached, i.e., until no new additional topics could be identified.

2.2. The Case of Bento Gonçalves

In order to gain an in-depth view and explore the topic in different dimensions, cover-
ing contextual settings, we also applied a case study strategy for empirical inquiry on Bento
Gonçalves. Single case design [73] was adopted, as it allowed for the observation of the
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unique characteristics of the case, and simultaneously provided a longitudinal understand-
ing of the research topic. The selection of the case occurred at the beginning of the research,
during the design phase. Among the 12 cities that have hosted a KCWS, Bento Gonçalves
was purposively selected due to the city’s particularly revelatory conditions regarding the
research issue. With an estimated population of approximately 121,000 inhabitants, Bento
Gonçalves is a good representation of a small town in an emerging country like Brazil that
manages to stand out regionally in terms of development.

Formed by Italian immigrants in the 19th century, the city became an important
regional industrial and touristic center in the Rio Grande do Sul (RS) state, known for
its high-quality wine production and furniture industry, activities strongly associated
with the city’s Italian cultural identity. As we have mentioned before, the city hosted the
KCWS in 2011. In 2019, eight years after holding the event, Bento Gonçalves received
the Most Admired Knowledge City (MAKCi) Award. Promoted by the World Capital
Institute (WCI), the award aims to identify and recognize communities worldwide engaged
in formal and systematic KBUD processes [74]. In addition, illuminating studies in the
knowledge-based development field were developed in the years after the event, focusing
on Bento Gonçalves and the surrounding region as their object of study [75,76]. All of this
was reason to believe that the activities and discussions developed during the event in 2011
hold a connection to Bento Gonçalves’ KBUD trajectory.

Interviews were the primary data collection method for this case study. The goal
was to capture key local actors’ perceptions and narratives about the KCWS in 2011, and
its connection to KBUD initiatives and the achievements of Bento Gonçalves. Again, we
adopted a purposive sampling approach for the selection of interviewees. Informed by
content collected on WCI board interviews, the selection covered key people directly
involved with the organization of the fourth KCWS in 2011. In addition, considering
literature references that emphasize the central role of the quadruple-helix in KBUD [23,41],
the interviews included local representatives of the four sectors, i.e., university, civil society,
the public sector, and the private sector.

Semi-structured interview scripts were developed and tested, following the case study
protocol and research objectives. Preliminary findings from the WCI board interviews also
contributed to improving the questionnaire. Although each interview had a different focus
according to each interviewee’s group, the main topics addressed in the interviews were
as follows: (a) KCWS organizing process, (b) the event’s stakeholders and their goals in
organizing/sponsoring/supporting/participating in KCWS, (c) the event’s contributions
to the involved institutions and the city, (d) challenges and opportunities that could have
been better explored, and (e) perceptions about what makes Bento Gonçalves a smart and
sustainable city.

The interviewees signed an online informed consent form agreeing to participate in
the research. In total, nine interviews were conducted, seven of which through the Skype
or Google Meet platforms. At the request of the participants, the two other interviews
were carried out via email, with a follow-up interview being subsequently conducted
through the Google Meet platform to clarify and extend some topics. Each interview lasted
from 40 to 120 minutes, and all of them were conducted, manually transcribed (when
applicable), and analyzed in Portuguese. Content analysis was the approach to analyze
case study’s interviews. The same coding process used to analyze the WCI executive board
interviews was applied in the Bento Gonçalves interviews. Again, two subsequent coding
cycles, using the structural coding method and then the pattern coding method [72], were
performed with NVivo software.

According to Krippendorff [71], every content analysis requires a context that gives
meaning to the findings and serves as a conceptual justification for reasonable interpreta-
tions. In line with this, the case study’s data collection included research and gathering
of documents and indicators. Document analysis [77] comprised material collected from
academic literature and grey literature, including technical reports, research reports not
peer-reviewed, institutional websites, legislation, and policy reports. Likewise, official
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databases provided indicators and data sets for the indicator analysis. Indicators’ selection
was informed by the KBUD Assessment Model (KBUD/AM) [32] and included datasets
and indexes related to the economic, socio-cultural, spatial, and institutional aspects of
Bento Gonçalves’ development. Indicator and document analyses served as a source of
evidence about the facts, actions, and events regarding Bento Gonçalves’ development,
providing a profile of the city and the context within which we considered the interview
analysis results. They were also instrumental in refining ideas, identifying conceptual
boundaries, and corroborating the relevance of the categories derived from interview
analysis. The documents and indicators collected also served to confront, corroborate, or
augment the evidence from the interviews.

3. Results

3.1. Interviews with WCI Executives

This section presents the results of the interviews with members of the WCI executive
board. Interviewees’ selection considered their seniority and involvement in the KCWS
conception, development, and promotion since its outset. Accordingly, five members of
the WCI executive board were interviewed, namely:

• WCI President;
• WCI (Former) Executive Director of the Events Program;
• WCI Executive Director of the Awards Program;
• WCI International Advisory Board Member #1;
• WCI International Advisory Board Member #2.

Altogether, the interviews totaled about five recording hours. Each transcribed in-
terview was carefully analyzed to identify the interviewees’ perspectives about the goals,
achievements, and challenges of taking KCWS to different cities. The interviews also
provided an overview of KCWS’s history and hosting process.

A total of 42 codes and subcodes, grouped in five categories (“goals”, “stakeholders”,
“hosting”, “contributions”, and “challenges and opportunities”), were applied (Table 1).

Table 1. Distribution of coding references from the WCI executive board interviews.

Category Code Level 1 Code Level 2 References

Goals (n = 83)

Host (n = 38)

To address institution-specific agenda 13
To learn about KBUD 9

To build profile 8
To leverage local KBUD initiatives 5

To create networks 3

WCI (n = 34)

To help cities build or improve their local KBUD 11
To further the study and application of KBUD 8

To promote the socialization of the KBUD community 7
To extend networks 6

Not-for-profit activities 2

Alignment (n = 11) Mutual benefits 11

Stakeholders
(n = 138)

University 35
Government 34
Private sector 25

Multi-stakeholder partnership 15
Experts and speakers 10

Local community 7
Civil society 6

International audience 6

Hosting
(n = 46)

Bidding motivation 19
Selection criteria 16
Hosting process 11
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Table 1. Cont.

Category Code Level 1 Code Level 2 References

Contributions
(n = 47)

Network connections 13
Enhancement of local initiatives 10

Growth of KBUD awareness 7
Profile building 7

Development of academic agenda 5
Knowledge exchange and skill training 5

Challenges and
Opportunities

(n = 58)

Opportunities (n = 31)

Technology and new online platforms 11
Consolidated methods and tools 8

Shifting of thematic focus 8
Update of the conference format 4

Challenges (n = 27)

Travelling and conferencing post COVID-19 7
Continuity of initiatives 6

Institutional memory 4
Resource constraint 4
Impact assessment 3

Maintenance of the network 3

From WCI executives’ perspective, the event’s “goals” (83 references) are divided
between “WCI’s goals” (34 references) and “host’s goals” (38 references). Among the former,
the most cited one is “to help cities build or improve their local KBUD” (11 references),
highlighting the event’s commitment to promoting host cities’ development. One of the
interviewees explained that, sometimes, it is just a matter of bringing KBUD awareness to
the city, “... because a lot of cities, they are aware that they have this history, they have these
monuments, and they have heroes of the past, for instance, but they do not use their history
to trigger some more movements of the present and future. (...) and the awareness is so that
they use consciously, purposefully, their capital system for development”. The other WCI’s
goals are of a more institutional nature, “to further the study and application of KBUD”
(eight references), “to promote the socialization of KBUD community” (seven references),
“to extend networks” (six references), and “not-for-profit activities” (two references).

On content coded as “host’s goals”, the most applied subcode is “to address institution-
specific agenda” (13 references), as all interviewees pointed out that, in addition to the
broad topics of KBUD and knowledge cities, particular focus is given to a theme significant
to the host city’s context in each summit. Therefore, according to the leading host partner of
each event, the local host agenda may vary from city to city. Other host’s goals, according
to the interviewees, include “to learn about KBUD” (nine references), “to build profile”
(eight references), “to leverage local KBUD initiatives” (five references), and “to create
networks” (three references).

The overall perception is that there is an “alignment” (11 references) between the local
host’s objectives and those of WCI. This is corroborated by the coincidence of subcodes in
each category, such as “extend networks” (WCI) and “create networks” (host), or “to help
cities improve their KDB” (WCI) and “to leverage local KBUD initiatives” (host).

For this matter, another aspect of interest in the analysis was understanding who
the event’s primary stakeholders are. In the “stakeholders” category (138 references), the
agents of the triple-helix, “university” (35 references), “government” (34 references), and
“companies” (25 references) are the most cited, followed by “multi-stakeholder partner-
ships” (15 references). “Experts and speakers” (10 references) are also mentioned as they
are responsible for delivering the event’s value proposition. Finally, interviewees also cited
“local community” (seven references), “civil society” (six references), and “international
audience” (6 references) as relevant stakeholders of the event.

The “hosting” category (46 references) includes content about the circumstances,
processes, and activities that enable the hosting of a KCWS by a specific city. Three key
factors are coded on this category: “city’s motivation” (19 references), WCI’s “selection
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criteria” (16 references), and “hosting activities” (11 references). Like the goals, a city’s
motivation to host the event may vary according to the context and institution or group of
institutions that lead the bid for hosting the summit. Interviewees cited, for example, a
city’s interest in showcasing its knowledge-based urban development on an international
scale, as in Melbourne, Australia; or academic motivation, when universities are the main
hosting partner, as in Arequipa, Peru; and sometimes it is the private sector that leads the
efforts to bring the event to the city, as in Florianopolis, Brazil.

Another code in the “hosting” category is “selection criteria”, which includes content
about the factors considered by WCI to decide where to hold the next KCWS. Besides the
practical and operational criteria, such as the organizing capacity and sufficient financial
resources, interviewees indicated that a combination of stakeholders’ engagement level, the
current or desired KBUD level of the city, and the willingness and enthusiasm to host the
event are the most relevant aspects to be considered. According to one of the interviewees,
this combination is crucial for generating the proposed contributions to the host city.

The last code in the “hosting” category is “hosting activities”, and this includes content
about the production and execution of the event once the host city is defined. As the
circumstances in which each event is held vary widely, different interviewees pointed out
that there is not one concept for running a KCWS in one place. Each city’s characteristics are
significant, so the subjects and the sense of what is needed are very different in each place.
A constant dialogue is what makes an intersection of interests possible. As highlighted
by one of the interviewees, local concerns are essential, and dialogue makes it possible to
format the event to fulfil each stakeholder’s goals, including those of WCI.

Another codified category is “contributions” (47 references). At this point, it is nec-
essary to clarify that during the interviews, the questions presented to the interviewees
referred to the impacts of the event in the host cities. However, during the analysis proce-
dure, we concluded that the answers were focused on the event’s contributions, meaning
the part played by KCWS in bringing about a result. Therefore, this content was coded
as “contributions”. This finding also influenced the data collection of the case study. In
interviews with Bento Gonçalves representatives, the term used was “contributions”.

As for the content coded in the “contributions” category, the most cited is “networking”
(13 references). The interviewees pointed out that one of the most relevant event outcomes
is that it triggers connections to formal and informal networks of leading global thinkers,
experienced practitioners, and host city partners, enabling active engagement around
KBUD. One interviewee highlighted that KCWS also brings local stakeholders together
and enables them to see a way to work together in partnership and tackle their local issues
around KBUD, which may produce several other positive results for the city.

The second most coded contribution is “enhancement of local initiatives” (10 references),
as all interviewees indicated that the event helps improve the KUBD strategies or ini-
tiatives undertaken by the local stakeholders. Another contribution cited is “growth of
KBUD awareness’ (seven references), which is directly connected with the event’s very
reason, namely to promote KBUD and knowledge cities as a model of sustainable urban
development. Interviewees also referred to the following contributions: “profile building”
(seven references), as the event allows the host city to showcase itself to a highly qualified
audience; “development of academic agenda” (five references), especially when the leading
host institution is a university or research institute; and “knowledge exchange and skill
training” (five references), as a result of the cutting-edge lectures and debates delivered by
the experts and speakers brought by the event.

Finally, the last content category is “challenges and opportunities” (58 references). As
a reflection of the recent COVID-19 pandemic, the most cited “challenge” (27 references)
for the future is “travelling and conferencing after COVID-19” (seven references), followed
by “continuity of initiatives” (six references), “institutional memory” (four references),
“resource constraint” (four references), “impact assessment” (three references), and “main-
tenance of the network” (three references).
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The continuity of initiatives is perceived as a challenge, mainly because it also depends
on the host city’s actors or institutions. In this sense, something that concerns some of the
interviewees is how to continue contributing so that the ideas and initiatives developed
during the event continue to be nurtured after the event. “Institutional memory” refers to
the documentation of the events and activities carried out by WCI., and is perceived as a
challenge due to the organizational nature of the institute, whose members are in different
countries and dedicated to several other matters. As for the “resource constraint”, the
COVID-19 pandemic is expected to cause an economic crisis in the short term, causing
cities to stop applying resources for events. “Impact assessment” is perceived as a challenge
mainly because of the methodological aspects—for example, how to measure the intangible
impacts of KCWS or how to keep track of it several years past the event. Considering that,
as mentioned before, networking is one of the significant contributions KCWS brings to
the city, some interviewees also mentioned that continually nurturing these networks is a
challenge in the sense that it demands constant dedication.

On the other hand, the interviewees perceive different “opportunities” (31 references)
for the future. They see the possibilities of “technology and new online platforms”
(11 references) as a powerful instrument for responding to the challenges presented above.
Virtual conferencing through online communication platforms is seen as an alternative to the
difficulties brought about by the COVID-19 pandemic, and already contributed to the event’s
continuity in 2020. This is why the “update of the conference format” (four references) is also
seen as an opportunity, preceded by “methods and tools” (eight references) and “shifting
of thematic focus” (eight references). The interviewees agree that, over the years, the
methodologies and frameworks used and disseminated in KCWS were well consolidated.
Nevertheless, new technologies and the emergence of themes such as the Anthropocene,
climate change, and the smart city phenomenon may have created some room for an up-
date. The interviewees also see an opportunity to incorporate these themes into the smart
and sustainable cities debate. Thus, through the perspective of the WCI’s executive board
members, it is possible to see that the event successfully involves the main KBUD agents,
namely, the triple helix—university, government, and companies. However, there may
be room for more civil society participation. Considering what the interviewees pointed
out, the events’ contributions resonate with the purposes of both the WCI and those of
the host city. This can be verified by the coincidence of codes such as “to help cities build
or improve their local KBUD” (goals/WCI’s goals), “to leverage local KBUD initiatives”
(goals/host’s goals), and “enhancement of local initiatives (contributions); or “to extend
networks” (goas/WCI’s goals), “to create networks” (goals/host’s goals), and “networking”
(contributions); and also “to further the study and application of KBUD” (goals/WCI’s
goals), “to learn about KBUD” (goals/host’s goals), and “growth of KBUD awareness” and
“knowledge exchange and skill training” (contributions). This convergence seems to be
connected to the event’s sensitivity to the local context and host city interests, making it
consistent with the local expectations.

3.2. Case Study Investigations and Interviews
3.2.1. Bento Gonçalves in a Nutshell

Bento Gonçalves is located in the Serra Gaúcha region, in the Rio Grande do Sul (RS)
state, Brazil (Figure 2). The city has its origins as a colony settled to receive part of the Italian
immigrants who arrived in the region at the end of the 19th century. This Italian ancestry
would later become one of Bento Gonçalves’ main knowledge assets, profoundly shaping
its development processes [78]. Today, with an estimated population of 121,803 [79], the
city is an important regional hub, compounding the Serra Gaúcha Metropolitan Region.
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Figure 2. Location of Bento Gonçalves, drawn by the authors on a Google Map [80].

Regarding national averages, Bento Gonçalves sustains a good performance in terms
of development, with a Human Development Index of 0.778, which is considered a high
score and places the city in the 145th position among the 5565 Brazilian cities and 16th
in the Rio Grande do Sul state [81]. Bento Gonçalves’ advances in terms of development
have been recognized even internationally, as in 2019, the city received the MAKCi award,
taking its position among a select group of cities in the world that have been thriving under
the KBUD flag.

In terms of economic development, Bento Gonçalves ranks as one of the largest
economies in the Rio Grande do Sul state. In 2018 (most recent available data), the city’s
gross domestic product (GDP) was USD 1.54 billion, the 14th largest among the state’s
497 cities [82]. Bento Gonçalves is listed in the national “Best Cities to Do Business” ranking,
moving from the 84th position in 2014 to the 18th position in 2019 [83]. The industry sector
represents the main economic activity, with a 59% share in the municipality’s revenue,
followed by the commercial (21.2%) and services (19.8%) sectors [84]. One interesting
aspect of Bento Gonçalves’ economic development is the presence of a strong cultural
identity associated with the Italian pioneers and their entrepreneurial spirit [85]. The first
companies were family-owned and started production to supply the local demand [76,86].

The timber and furniture industry is one of the most relevant segments in the Bento
Gonçalves economy, accounting for the most jobs (13.4% of all formal jobs in 2018) and
revenues (45% of total industrial sector revenues in 2018) for the city [84]. Bento Gonçalves
also stands out on the national scene for its grape and wine production. The city is known
as the “Brazilian Capital of Wine”, and incorporates the largest and most important wine
region in Brazil, i.e., the Serra Gaúcha region, which accounts for about 85% of the national
wine production [87]. Bento Gonçalves’ tourism sector has significantly benefited from the
grape and wine industry’s performance, which placed the region on the map of national
and even international wine tourism [76].

Regarding sociocultural development, Bento Gonçalves stands out, together with other
cities in the region, for its good human and social development levels. In the Rio Grande do
Sul state, the government monitors the municipalities’ societal development through IDESE,
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the Socioeconomic Development Index. Bento Gonçalves scored an IDESE of 0.834 in 2018,
ranking as the first in the state among the municipalities with more than 100,000 inhabitants
and 19th in the general ranking [88]. Notably, Bento Gonçalves has been investing in
education as a development strategy. In Brazil, the Federal Constitution requires states
and municipalities to invest at least 25% of their income into maintaining and developing
education. In the case of Bento Gonçalves, spending on education has been exceeding the
constitutional minimum in the last decade [89]. For instance, the city’s investment ratio in
2018 (29.8%) was even higher than that of the state (26.7%) [89,90].

Bento Gonçalves also stands out as a regional hub of higher education. Some of the
institutions located in the city are listed among the best in the country, such as the Univer-
sity of Caxias do Sul (UCS), 42nd in the national ranking, and the State University of Rio
Grande do Sul (UERGS), ranked 163rd [91]. In particular, because of its community DNA
and central role in the region’s development, UCS has been a relevant institution in terms
of Bento Gonçalves’ KBUD. In addition to teaching and research, UCS promotes various
initiatives to foster regional entrepreneurship and scientific and technological innovation.
For instance, since 2015, the University has maintained a Science, Technology, and Inno-
vation Park—the TecnoUCS. One of the park’s most notable projects is UCSGRAPHENE,
the first and largest industrial graphene production plant in Latin America installed by
a university [92].

As for spatial development, Bento Gonçalves experienced a very intense increase in
population in the last century (43,144.76% from 1876 to 2009) due to vegetative growth
and both internal and external migratory attraction [93,94]. As in many other cities in Rio
Grande do Sul and Brazil, Bento Gonçalves’ urbanization process intensified since the 1950s
due to expanding national industrialization programs and countryside mechanization [94].
Today, 47.7% of Bento Gonçalves’ territory is of urban occupation [95], with the vast
majority of the population being urban (92.3%) [96].

These fast urbanization processes, driven by rural exodus and migratory processes
induced by economic development, brought some challenges to the city [93]. In Bento
Gonçalves, whose geomorphology imposes limitations on urban growth, there are issues
such as irregular occupations and settlements in risk areas [97,98]. On the other hand, an
interesting aspect of the spatial organization of Bento Gonçalves concerns the relevance
that the city gives to the protection of the cultural landscape and the preservation of the
traditional rural zone, the locus of the wine and cultural tourism [99].

Finally, in terms of institutional development in Bento Gonçalves, it is possible to
observe different participation spheres and groups of actors involved in urban development
governance. The Regional Development Council (COREDE) is one of these spaces where
strategic development plans are debated and voted, guiding the state budget application
in the region. Bento Gonçalves is part of COREDE Serra, composed of 32 municipalities.
COREDE Serra elaborated, in a participatory manner, through micro-regional assemblies,
the Regional Development Strategic Plan 2015–2030 [100], which includes a portfolio of
KBUD projects such as implementing technology parks by attracting national and foreign
technology-intensive companies, promoting technology-intensive sectors, creating an
innovation program, strengthening the TecnoUCS through the triple helix, identifying and
developing the regional innovation ecosystem, creating local productive arrangements in
technology-intensive segments, and strengthening the Serra Technological Modernization
Pole. However, to date, only a few of the projects listed in the plan have made progress.
Even so, the existence of the plan and the fact that it is being discussed by the community
indicates a level of KBUD awareness, as well as the region’s desire to move forward on
this path.

Another notable local feature in terms of institutional arrangement is local public
managers and government leaders’ ability to congregate in regional organizations in order
to strengthen their institutional capacity. Organizations such as AMESNE (Municipalities
of Northeast Upper Hillside Association), composed of 36 municipalities represented by
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their respective mayors, and the Regional Parliament of Serra Gaúcha, with representatives
of the City Councils of 24 cities in the region, are examples of this.

Bento Gonçalves’ business community also stands out for its institutional leadership
and participation in urban development. One of the most active local bodies is the Bento
Gonçalves Centre for Industry, Commerce, and Services (CIC-BG), which acts directly
in a series of planning and governance initiatives for sustainable development, such as
Bento+20. In October 2020, Bento+20 delivered a masterplan [95] to the city, with the
main purpose to make Bento Gonçalves a smart and sustainable city until 2040. Tak-
ing the United Nations Sustainable Development Goals and ISO 37120 and ISO 37122
standards as a guideline, the masterplan presents guidelines and a detailed action plan
considering ten thematic areas (technology, innovation, and entrepreneurship; education;
health; safety; industry, commerce, and services; tourism and culture; urbanism, urban
mobility, and infrastructure; environment and sustainable development; citizenship; and
rural development).

3.2.2. Case Study Interviews

This section reports the findings of the nine interviews carried out with Bento Gonçalves’
representatives. The interviewees were selected considering their involvement with the
fourth KCWS in 2011 and/or their local representativeness in one of the four quadruple-
helix sectors, i.e., university, civil society, the public sector, and the private sector. Accord-
ingly, the following representatives were interviewed (Table 2).

Table 2. Profiles of the Bento Gonçalves interviewees.

Relevance Interviewee No Position

Local organizing committee member Interviewee #1 University of Caxias do Sul (UCS)
professor and KCWS local chair in 2011

Local organizing committee member Interviewee #2 UCS professor and member of the local
organizing committee in 2011

Local organizing committee member Interviewee #3
UCS professor, innovation centre director

and member of the local organizing
committee in 2011

Local organizing committee member Interviewee #4 UCS professor and member of the local
organizing committee in 2011

Local organizing committee member Interviewee #5 UCS professor and member of the local
organizing committee in 2011

Academic conference participant Interviewee #6 UCS tele-diffusion director and KCWS
attendee in 2011

Public sector conference participant Interviewee #7 Former mayor of Bento Gonçalves

Civic society leader conference participant Interviewee #8 President of the Rio Grande do Sul
Regional Development Council

Private sector conference participant Interviewee #9 Leading furniture company executive
manager and KCWS attendee in 2011

Altogether, the interviews totaled over seven recording hours, plus 15 pages of written
interviews. The complete content of the interviews, written or transcribed, was carefully
analyzed to capture key local actors’ perceptions and narratives about the KCWS in 2011,
and its connection to KBUD initiatives and projects developed in Bento Gonçalves.

Bento Gonçalves Summit

Before entering the content analysis itself, a brief background about the fourth KCWS
in Bento Gonçalves is presented below. This content is based primarily on the organizing
committee interviewees’ narratives, complemented by document analysis, and seeks to give
insights about the particular settings and the context in which the KCWS was carried out.
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Three main factors concurred to bring the event to Bento Gonçalves. The first of them
concerns the historical role of the University of Caxias do Sul (UCS) in advancing the
KBUD agenda in the region. According to the interviewees, since at least 2003, UCS had
been cultivating institutional partnerships and connecting its professors and researchers
with universities and institutes particularly dedicated to studying knowledge management
and knowledge-based development disciplines, such as WCI and Ibero-American Com-
munity for Knowledge Systems (ICKS). These events are relevant because they connected
local actors, especially UCS’s researchers, to some of the most engaged and cutting-edge
international communities in the KBUD discipline. By the time the KCWS was held, a UCS
professor had integrated WCI’s international advisory board, and there were two ICKS
active cells in the region with regular meetings and debates joined by other professors,
students, business people, and even community representatives. These initiatives were
the first steps in raising local awareness about the potential of KBUD. Much of the local
support that KCWS received in 2011 was due to these previous initiatives, which set the
stage and contributed to the community’s comprehension of the proposed debate.

The second factor concerns the involvement of these same UCS professors and re-
searchers in local networks and organizations dedicated to regional development. These
local networks played a fundamental role in making the event happen. For instance, one
of the main host partners of the fourth KCWS was the Furniture Innovation Management
Center (CGI), whose director, also a professor at UCS, was a member of the local organizing
committee. CGI’s participation was crucial in connecting the business sector, especially the
timber and furniture segment, to the event. Representatives, entities, and companies of
the industry not only attended the KCWS, but also sponsored the event. In addition, due
to UCS professors’ networks, the event had the support and sponsorship of government
representatives, such as the Municipality of Bento Gonçalves and AMESNE (Municipalities
of Northeast Upper Hillside Association), and the contributions of different local businesses
and organizations.

Finally, the third factor concerns WCI’s institutional connections themselves. In 2011,
the fourth KCWS was a joint conference with the IX ICKS conference. Like WCI, ICKS
also holds annual meetings to gather the knowledge systems community and discuss
specific topics of the field. Bento Gonçalves was selected as the host city for the 2011 ICKS
Conference the previous year, in 2010. Some WCI board members were simultaneously
members of ICKS, and started to consider holding the KCWS and the ICKS conference
together, as the potential for synergy between both was clear. When preparations for
the ICKS event were already underway, the proposal was made to hold the two events
together. Accordingly, the fourth KCWS and the ninth ICKS conference took place on
26 and 27 October 2011 in Bento Gonçalves. The general theme of the fourth KCWS was
“Knowledge Cities for Future Generations”, specifically addressing aspects such as cultural
tradition, knowledge, and innovation in the community’s future. Altogether, the event
received about 200 participants—an expressive amount, according to the interviewees,
considering the representativeness of those who attended.

Content Analysis

The findings of the content analysis on Bento Gonçalves’ interviews are presented in
this section. In total, five categories and 26 codes were applied (Table 3).

Table 3. Distribution of coding references from the Bento Gonçalves interviews.

Category Code Level 1 Code Level 2 References

Goals (n = 9)

Business sector (n = 5) Learning about KBUD 5

Public managers (n = 2) Learning about innovation and city cases 2

University (n = 2) Contribute to city development 2
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Table 3. Cont.

Category Code Level 1 Code Level 2 References

Stakeholders (n = 70)

University 13
Local government 12

Private sector 16
Sectoral organisations and non-profit entities 11

Experts, speakers 5
Local community 5

ICKS 8

Hosting (n = 14) Local leaders 14

Contributions (n = 72)

Network connections 11
KBUD awareness 16

profile 5
Academic agenda 12

Knowledge exchange and skill training 13
University’s role 15

Challenges and
opportunities (n = 14)

Opportunities (n = 8) Local actors’ commitment 5
Broader audience 3

Challenges (n = 6) Balanced audience 2
Funding 4

The “stakeholders” category (70 references) aggregates citations about the local
agents who attended or were involved with the event in 2011. Similar to WCI mem-
bers, Bento Gonçalves’ interviewees indicated “private sector” (16 references), “univer-
sity” (13 references), and “local government” (12 references) as the main stakeholders
of the event. As the fourth KCWS was a joint event with the ICKS conference, “ICKS”
(eight references) is also a frequently mentioned stakeholder. In Bento Gonçalves, the
particularity is the involvement of different types of “sectoral organizations and non-profit
entities” (11 references), which directly or indirectly contributed to the event, as mentioned
above. The interviewees also pointed out “local community” (five references), e.g., local
small merchants and suppliers, as playing an essential role in supporting the event, and
the “experts and speakers” (five references) as one of the summit’s main differentials.

The “goals” category (nine references) includes references to the multiple stakeholders’
aims in participating in the event. Overall, learning from international experts was the main
objective of those who attended the event. The “business sector” (five references) audience
expressed an interest in learning about innovation, KBUD, sustainable development, and
knowledge management. According to the private sector interviewee, many executives or
managers of local companies were postgraduate students in a knowledge management
program offered by UCS at the time. They became aware of KBUD through the course
and therefore recognized the opportunity to learn and exchange experiences that the event
would provide. The “municipalities representatives and public managers” (two references)
were interested in learning from city cases and experiences worldwide about innovation
and the future of cities. As for the university (two references), as highlighted by the
academic interviewee, supporting the event was taken as an opportunity to contribute to
the region’s development and advance the commitment as a community university.

The “hosting” category (44 references) includes references about the context, circum-
stances, and activities related to the hosting of the KCWS. Most of its content corresponds
to storytelling about how the event happened in Bento Gonçalves, what it took to organize
the event in the city, how it was experienced, and so on, and has already been presented
in the previous section. However, one topic in particular emerged from the speeches of
different interviewees, namely, the crucial role of some “local leaders” (14 references) in
making the event happen. In the case of the fourth KCWS, different interviewees coincided
in pointing out the strong leadership of UCS professors as the critical factor in making the
event feasible.
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The “challenges and opportunities” category (14 references) includes content about the
main difficulties observed by the interviewees regarding the event and the possibilities of
improvement. “Funding” (four references) was emphasized by the organizing committee
interviewees as the main challenge. As a small town, Bento Gonçalves and its companies
and institutions have fewer resources available for sponsoring events and conferences.
According to the interviewees, this difficulty was overcome with the involvement and
sponsorship of several entities, local companies, UCS, and the Municipality of Bento
Gonçalves, who collaborated to make the event happen. Some organizing committee
interviewees also pointed out the challenge of achieving the right balance, in terms of
“audience” (two references), between academics, government representatives, business
leaders, and practitioners, so that the event could create a movement all across the city.
According to the interviewees, this challenge was overcome thanks to the influence of those
local leaders who activated their networks, ensuring the main local actors’ participation.

As for the opportunities, the organizing committee and university’s interviewees sug-
gested that a greater effort could have been made to involve a “broader audience” (three
references), such as universities and municipalities from the rest of the state or even the
country. One of the interviewees stated that this would have allowed institutions directly
involved with the event, such as UCS, to explore its strategic potential better. Meanwhile,
different interviewees among those who do not belong to the organizing committee men-
tioned an untapped opportunity of using the event to induce local actors to “commit”
(five references) themselves to local development projects. These interviewees coincided
on the expectation that, after the event, some groups of actors or local leaders would have
addressed concrete initiatives, directly assuming commitments, plans, or actions.

Regarding the content coded in “contributions” (72 references), the most significant
number of citations are in “KBUD awareness” (16 references) and “university’s role”
(15 references). In all of the interviewees’ groups, the perception is that one of the main
contributions of the event in 2011 was to raise awareness on local actors about the themes
of KBUD and knowledge cities. According to the civil society representative, “many
regional and business leaders have been contaminated by the debate of the knowledge
citie” s due to the event. Other interviewees also mentioned the effect on the business
community, recalling that this awareness raised the local business sector’s interest in
monitoring the city’s development progress through the KBUD methodology, which was
later accomplished through a partnership between CIC-BG; the Bento Gonçalves Centre
for Industry, Commerce, and Services; and UCS for the publication of the Bento Gonçalves’
capital system [75,101].

The perception of how much this growth in KBUD awareness has unfolded into local
development initiatives differs among respondents. Some interviewees indicated that it
was not translated into concrete local initiatives after the event. Those who share this
view, in general, referred to these initiatives as if they were the exclusive responsibility of
the public authorities. On the other hand, other interviewees, including government and
civil society representatives and others from the organizing committee, indicated that this
growth in KBUD awareness paved the way for different local initiatives, especially those
developed by or in partnership with local universities.

In line with this, recognition of the “university’s role” (15 references) is the next cod-
ified contribution. Interviewees indicated that the KCWS in 2011 was fundamental in
increasing UCS’s influence over different development agents in the region and placing the
university at the center of the local KBUD movement. One interviewee highlighted that
due to the event, collaboration and data sharing processes could be established between
the university and different institutions, including the municipal government. This, in turn,
allowed UCS to advance and consolidate research on the topics of KBUD. The outcomes of
these studies generated valuable insights that were shared with municipal management.
According to the local government representative, the university acted as a translator, mak-
ing the KBUD concepts more “palatable” so that the city administration could transform
them into policies. The university representative pointed out that the KCWS consolidated
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and gave more visibility to this group of UCS researchers involved with the theme, who
had become a KBUD reference even at a national level. According to one of the organizing
committee interviewees, by bringing to the debate ideas such as the university’s central
role in a development process, the KCWS contributed to materialize UCS’s protagonism in
other spheres, expanding its influence on regional and even national levels.

Another mentioned contribution concerns “knowledge exchange and skill training”
(13 references). Among the interviewees who attended the event, there is a consensus
that one of the most positive aspects of the event was the high quality of the content
transmitted, mainly due to the high level of international speakers, who brought research
and experiences from different parts of the world. One of the organizing committee
interviewees pointed out that KCWS is an accelerator capable of connecting attendees with
the best in terms of knowledge, and “having accessed this cutting-edge knowledge created
a movement in the community, in people who attended the event”.

Contributions to the “academic agenda” (12 references) are also cited by interviewees
linked to the university, whether from the organizing committee or not. Among the ad-
vances related to the fourth KCWS, the interviewees mentioned the following ones: the
promotion of the postgraduate program in knowledge management, the consolidation of
knowledge-based development as a line of research in the graduate program in administra-
tion, an increase in the number of master’s and doctoral studies on the subject, the strength-
ening of partnerships with researchers from other countries, and publications in renowned
journals of the field. After the fourth KCWS, further research on the capital system, as a
value-based tool, began to be developed by researchers of the university (see [75,102–104]),
culminating with the creation of the Brazilian Knowledge-Based Development Observatory
in 2018. According to one of the organizing committee interviewees, this trajectory was
inspired by the KCWS in 2011. Furthermore, the university representative highlighted that
the event in 2011 expanded the KBUD debate within UCS itself to the point that it became
a guideline for the university’s current Institutional Internationalization Plan, which can
also be considered a legacy of the event.

Among the organizing committee interviewees, another contribution cited with em-
phasis is creating or strengthening “networks” (11 references). The interviewees of this
group mentioned that the dynamics of the event favored interaction, allowing for the
connection between professionals, researchers, and speakers from all around the world. At
an institutional level, the event provided the opportunity to strengthen the connections
and develop joint projects between UCS and other institutions such as ICKS, WCI, the
Municipal Government, and AMESNE. The creation or strengthening of these connections
also expanded the possibilities for academic dialogue, allowing for collaborations that sig-
nificantly accelerated research development and KBUD application in the region, according
to an organizing committee interviewee.

The organizing committee interviewees also highlighted that the event gave “profile”
(five references) to Bento Gonçalves before the international participants and speakers. In
the analysis of some interviewees, having these experts visiting and getting to know some
of the city’s attributes boosted Bento Gonçalves reputation on KBUD and contributed to its
nomination in the MAKCi Award in the following years.

4. Discussion

Looking at the results of the interviews with WCI executives and representatives
of Bento Gonçalves, some insights into KCWS’ contributions to the KBUD of host cities
come to light. There is a significant overlap between the motivations to host the KCWS
reported by Bento Gonçalves representatives and those pointed out by WCI executives.
In general, regarding the host, the main goals correspond to learning and leveraging the
city’s initiatives, especially those of the hosting partner institutions. As for the event’s main
stakeholders, it is possible to see that the event successfully involves the main KBUD agents,
namely, the triple helix (university, government, and private sector). Nevertheless, there
may be room for more civil society participation, although references to “local community”,
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“non-profit entities”, and “civil society” also occurred in both cases. Regarding hosting
requirements, it is clear that the type of motivation and commitment that WCI seeks to find
in a host depends a lot on the leadership and involvement of local leaders in the event’s
organization, as pointed out by Bento Gonçalves’ interviewees.

The category with the most matches is “contributions”. There is a meaningful align-
ment between the contributions visualized by the event promoters and those perceived
by the host city. On the tail of the event’s goals, the interview analysis indicates that
knowledge exchange is one of the main contributions of the event. The KCWS, as an inter-
national summit with the field’s leading experts and researchers, acts as a facilitator for
knowledge transfer on topics related to KBUD and knowledge cities. Consequently, KCWS
also contributes to raising KBUD awareness among the local actors who attend the event.
KBUD awareness, as defined by one of the interviewees, is this capability of understanding
and employing local knowledge assets, and it is fundamental for the engagement of local
actors in any KBUD initiative [23,42].

Events may act as institutional catalysts, facilitating the cooperation and collaboration
among local actors [57,61]. In line with this, “networking” is the most cited contribution
of the event among WCI interviewees, and is also highly referred by Bento Gonçalves
representatives. In Bento Gonçalves, the KCWS strengthened pre-existing relationships
and allowed for new connections between local actors and leading academics, profes-
sionals, and policymakers from all around the world in collaborative networks. In this
sense, KCWS enhanced the local actors’ ability to establish and nurture collaboration
through partnerships, which, as we previously presented, is essential for the success of a
KBUD process [40].

Another contribution pointed out by both groups of interviewees was the opportunity
to gain an international profile as a knowledge city. In the case of an international confer-
ence such as KCWS, which draws together leading national and international specialists
and practitioners in their fields, hosting the event conveys a message about the city’s
development intentions. In 2011, KCWS provided an opportunity for Bento Gonçalves to
position itself as a city engaged in cutting-edge development strategies such as KBUD.

Both WCI’s and Bento Gonçalves’ interviewees highlight contributions and develop-
ments in the academic sphere generated by the event. This type of contribution is especially
relevant for KBUD, which advocates that the knowledge produced by the universities is a
substrate for the smart and sustainable development of cities. In the case of a community
university like UCS, whose institutional identity is so deeply intertwined with the region,
academic advances have the potential to project the development of the entire region.

Finally, one last contribution emerges from the interviews, however, it is pointed out
only by Bento Gonçalves representatives, which is the elevation of the local university
(UCS) to the role of a protagonist of local development. Since its foundation, UCS has been
a university deeply involved with the region’s development process. The fourth KCWS,
however, contributed to increasing UCS’s influence over different development agents
in the region and placing the university at the center of the local KBUD movement. As
seen in previous sections, having the university moving from a supporting role to a more
entrepreneurial one is key in any KBUD strategy [39,41]. The KCWS not only conveyed
this vision to the participants, but also presented UCS as an agent capable of leading
this movement.

The fact that only Bento Gonçalves’ interviewees mentioned this contribution suggests
that its occurrence may be associated with a particular context. In fact, it is necessary to
consider the context’s effect on all of the results. The contributions are deeply connected to
the event’s central theme: KBUD and knowledge cities. Should the event be on a different
topic, there might be different effects. The way these contributions developed in Bento
Gonçalves is linked to the context in which the city is inserted. As presented before, UCS is
a community university founded with the purpose of contributing to the development of
the region. Years before the fourth KCWS, the university was already engaging in projects
in the KBUD field. In fact, the event in 2011 was largely due to the institutional collaborative
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partnerships established years before between UCS, and other institutions dedicated to the
subject. Furthermore, UCS professors and researchers were already actively engaged in
projects on the topics of KBUD and knowledge cities by the time the event occurred. The
outcomes could also be different if it were not a small city where the central university is
already on a path to expand its relevance in the local development process.

The context is also relevant when considering how those contributions developed.
Social and community identity can enhance the knowledge exchange process [105], and
as a university with a community identity, UCS is highly distributed and embedded
in the region. In this way, UCS’s presence in different municipalities also makes it an
integrating element that facilitates the exchange of knowledge between cities in the region.
By connecting to an international event such as KCWS, UCS had the potential to take all
the event’s cutting-edge content to other development agents in the region, expanding the
reach of these ideas.

UCS’s role can also be perceived through the studies produced by this group of
researchers directly involved with KCWS in 2011. Many of these studies were presented to
the municipal government and supported the city’s planning and policymaking. This is
also a critical aspect for KBUD: providing city administrations, planners, and policymakers
with data and knowledge for informed decisions and evidence-based policies [32,40].
However, data collection on Bento Gonçalves did not find evidence of a plan structured
by the city with goals and measures to become a knowledge city, as occurred, for instance,
in cities like Monterrey, Mexico, and Melbourne, Australia. Nevertheless, we identified
that these studies developed by UCS’s researchers supported, in the subsequent years, the
nomination of Bento Gonçalves for the MAKCi award, which recognizes cities around
the world for their successful KBUD strategies. The award in 2019, therefore, was a
confirmation of Bento Gonçalves’ progress.

In fact, common to all contributions presented is the university’s leadership and ac-
tion, whether developing research and delivering results to society, connecting groups,
or producing innovation. Strong leadership, with meaningful networks and partnerships
to support it, is one essential component for a prosperous KBUD [106]. In this sense, as
relevant as UCS’s institutional leadership is the leadership exercised by UCS professors and
researchers, who often took the lead in the city’s development and planning initiatives and
projects. These professors and researchers put their networks, research, and knowledge as
resources for the advancement of the community. This adds to the university’s role as a
protagonist in Bento Gonçalves’ development as well. Highlighting UCS in this role was
one of the main contributions of the fourth KCWS to Bento Gonçalves’ development. It is
necessary to recognize, though, that the interviewees in Bento Gonçalves were very much
inserted in the university context. Nonetheless, the document analysis found evidence
of UCS’s constant activity in matters of local development. University representatives
participate in the main local planning bodies; UCS professors direct or integrate relevant
sectoral organizations; the university even provides the physical structure for, for example,
COREDE Serra meetings held periodically. Of course, UCS effectively acts as an inno-
vation and technology development agent by furthering projects such as the graphene
production plant.

Overall, as could be grasped by this study, the KCWS contributions compose a web
of enablers and potentials that can unfold in different outcomes and achievements. They
depend on stakeholder’s engagement and leadership to continue and unfold into plans,
actions, and results. We have found that contributions may occur through knowledge
transfer on the trending topics addressed at the event, which also increases the KBUD
awareness among the audience and those involved in the event. Knowledge exchanged
is leveraged by the relationships and networks to which the event connects, from which
comes learning, collaboration, and partnerships in initiatives that can range from academic
research to the implementation of KBUD plans and projects. Moreover, because it is a
highly qualified international networking platform, the event also promotes the host city to
a very qualified group of professionals and thinkers worldwide, contributing to the city’s
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image. All these contributions’ potential is largely linked to local leaders’ capacity to enrich
and nurture these networks over time, making them evolve and grow.

The event can also contribute to making these local leaders emerge and elevating
them to the role of protagonists of local KBUD. The involvement of the various local actors,
especially the university, in the development processes is one of KBUD’s premises. KCWS
favors the interaction of these actors and helps their positioning within this process. This
may be the most relevant contribution of an international event for the local KBUD.

In the interviews, continuity is pointed out as one of the main challenges of holding
an event such as KCWS. It appears in the speeches of WCI executives and in those of
Bento Gonçalves’ representatives when they talked about untapped expectations of having
development agreements and projects been launched during the event. An event is a
definite point in space and time—a spark. Nevertheless, in general, whoever promotes,
organizes, or participates in an event focused on city development may hope that the flame
will remain lit, that someone will transform the ideas and aspirations discussed at the event
into plans, actions, results, and hopefully impacts. The literature review demonstrates
that events can go beyond contributions and generate effective impacts in the economic,
social, environmental, and institutional fields. For that, it must be part of a structured
development program instead of a dispersed and fragmented enterprise [53]. Inserting
and working upon trajectories, taking the event as part of a more integrated development
approach can maximize its benefits for a range of different stakeholders and enable the
achievement of more meaningful goals [49,60]. The experience of other cities that tried to
leverage their development process with events showed that a strategy for the post-event
period, designed and planned with local actors’ support and commitment, is essential [57].

Therefore, continuity depends largely on the engagement and empowerment of the
local actors involved with the event. This is why raising a local actor to the role of
KBUD’s protagonist is such a significant contribution of KCWS. In the case of local hosts,
governments often change, people move, priorities shift. However, when the development
process’s leadership is shared with perennial institutions, such as the university, planning
is more likely to be realized.

In Bento Gonçalves, history and the Italian ancestor cultural traditions were knowl-
edge resources used to promote economic activities and development. Throughout the
years, the city transformed intangible aspects of knowledge such as cultural identity and
traditional values into economic development [105] in different sectors, such as the furni-
ture, wine, and tourism segments. In October 2020, the Bento+20 Masterplan was launched
with guidelines, goals and actions to make Bento Gonçalves a smart and sustainable city
by 2040. In order to fully realize the plan, Bento Gonçalves will need a systemic approach
that includes a governance model capable of integrating all city actors and all development
dimensions. KBUD provides such strategic and integrated approach for the transition of
smart and sustainable cities [21–23] and places the university in a central position as a
critical asset for development and innovation [35]. It also highlights the importance of
creating institutional arrangements in a combination that favors the collaborative action
of university, government, the private sector and civil society to produce innovation and
economic development [39,40]. Many of these aspects were brought to Bento Gonçalves by
the KCWS, and to become truly smart and sustainable, not losing sight of KBUD’s strategic
approach is a good practice.

5. Conclusions

When this study started in 2019, the world was not yet alert to the COVID-19 pandemic.
The situation changed in 2020, drastically affecting cities’ relationship with events and
the way they carried them out. Nevertheless, the pandemic also invited us to reflect on
the importance of gathering together and how events have an impact on city’s economic
and sociocultural functions. As events become viable again, the findings of this study
are a powerful signal for the various cities in the context of emerging countries and those
interested in building or improving their local development strategies with events.
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Furthermore, it reinforces how KBUD is a tangible and viable local development
strategy, even for small cities or cities located outside the central urban axes. Hosting an
event focused on KBUD, such as KCWS, can not only promote the city’s intent, but also
help it bring together the various actors relevant to the development process and encourage
them to build shared understandings enabling engagement in joint projects. Furthermore,
Bento Gonçalves’ case reveals some fruitful initiatives that cities can employ under the flag
of a KBUD strategy. One of them is prioritizing endogenous economic activities based on
local knowledge resources and intangible assets, such as cultural identity and traditional
values. Placing the local university as a key agent of the development process, establishing
with it strategic partnerships for knowledge transfer and innovation development, is
another fundamental aspect. Creating institutional conditions for the engagement and
participation of the business community and civil society in the city’s development and
management processes, with strong leadership and meaningful networks and partnerships
to support it, completes this story.

Lastly, Bento Gonçalves’ successful experience with KCWS may also serve as a ref-
erence for city managers, policymakers, and executives inserted in similar contexts and
wishing to follow the KBUD path. In addition, this conclusion provides the following list
of lessons learned from Bento Gonçalves, which may also be of relevance to other cities
with similar goals:

• The local university has a relevant role in carrying out events of this type, as it has
the means to seek and establish collaborative institutional partnerships with other
universities and institutes focused on promoting events such as KCWS.

• Local leaders play an essential part in activating local networks and anchoring the
ideas in the community. This is why it is crucial to have some of these leaders on
the event’s organizing committee, acting directly from the initial preparations to
the post-event.

• In particular, Bento Gonçalves demonstrated that university professors and researchers
are relevant leaders in knowledge-based development contexts and can contribute to
bringing events such as KCWS to the city. Furthermore, their research, knowledge,
and networks may also facilitate the unfolding of the event’s topics into actions for
city’s development.

• Funding the event can be a challenge. Bento Gonçalves overcame this issue by seeking
sponsorship with several organizations from different sectors. This arrangement also
favored these organizations’ engagement, as they not only sponsored, but also took
part in the event;

• Engaging local actors around the event is essential in order to obtain results in city
development. The involvement of the four sectors of the quadruple helix, i.e., gov-
ernment, companies, university, and civil society, provides representation; facilitates
knowledge exchange and collaboration; and expands the reach of the ideas, concepts,
and experiences addressed during the event, creating awareness city-wide.

• Involving a broader audience, such as municipalities across the country and national
and international institutions, may be a way of bringing visibility to the host city and
establishing strategic partnerships. This was an untapped opportunity in the Bento
Gonçalves case.

• Using the event to induce local actors’ commitment to development projects is a path
towards the continuity of ideas, plans, and initiatives. Events such as KCWS can create
the ideal environment for signing cooperation agreements or launching action plans.

• Therefore, having a strategy for the post-event period, designed and planned with
local actors’ support and commitment, can generate even more effective contributions
to the city. This was an untapped opportunity in the Bento Gonçalves case.

• The implementation and continuity of the ideas discussed at the event depend a lot
on the local actors’ level of engagement and leadership over time. For this reason,
sharing this leadership with perennial institutions, such as business, civil society
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associations, and the university, is a strategy that contributes to the realization of the
development vision.

• International events do contribute to the knowledge-based development of cities. The
obtained results, however, are just a glimpse into the relationship between events and
KBUD. Future studies should explore the other KCWS host cities’ cases and analyze
the relationship between the event and local development. Moreover, in line with
Eisenhardt’s [107] approach to multiple case studies, new research could draw on
the replications, contrasts, and extensions to obtain theoretical generalizations. In
addition, a line of investigation on how the contents presented in KCWS unfold into
plans and programs in the host cities can broaden their application in public policies.
A relevant aspect that can be further explored concerns the spatial dimension of KBUD
and how events can affect it. Furthermore, the contributions identified in this study
also pointed to the investigation of the impacts generated by the event. From the
trajectories of the contributions and focusing on KBUD, one could seek to measure
and analyze the direct and indirect impacts connected to the event.

Lastly, the following limitations should be noted when interpreting the research results.
The interviews conducted in this study captured the perspective of actors deeply involved
with the event under investigation and, therefore, may not represent all local stakeholders’
views. While we contend that some unintended bias may be extant, our use of the NVivo
coding platform aimed to mitigate much of the biases that seep in when conducting
qualitative interviews. Concerning the analysis, Bento Gonçalves’ characterization and
indicator analysis were done qualitatively. The use of a consolidated assessment model,
such as KBUD/AM, the quantitative performance assessment model to evaluate the KBUD
achievements of cities [32], would have added objectivity and comparability to the analysis.
In addition, a single case study allows for a limited generalization of the obtained results.
Analyzing other host city cases could provide a gain in empirical generalization.
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Abstract: This paper examines the changing industrial ecosystem of smart cities in Korea using both
input–output and structural path analysis from 1960 to 2015. The industry type of the input–output
tables used in the Bank of Korea was reclassified into nine categories: Agriculture and Mining,
Traditional Manufacturing, IT Manufacturing, Construction, Energy, IT Services, Knowledge Services,
Traditional Services and other unclassified. The paper identified the changing patterns of an industrial
ecosystem of smart cities in Korea. The study found that smart industries such as smart buildings
and smart vehicles are anchor industries in Korean smart cities, and they are positively correlated
with three other industries: IT Manufacturing, IT Services and Knowledge Services. The results of the
input–output and structural path analysis show that the conventional industrial structure of labor-
intensive manufacturing and diesel and petroleum cars has been transformed to the emerging high-
tech industries and services in smart cities. Smart industries such as IT Manufacturing, IT Services
and Knowledge Services have led to sustainable national economic growth, with greater value-added
than other industries. The underlying demand for smart industries in Korea is rapidly growing,
suggesting that other industries will seek further informatization, automatization and smartification.
Consequently, smart industries are emerging as anchor industries which create value chains of new
industries, serving as accelerators or incubators, for the development of other industries.

Keywords: smart city; smart city industry; industrial ecosystem; input–output analysis; structural
path analysis

1. Introduction

The technological innovation of the steam and internal combustion engines from the
first and second industrial revolutions significantly influenced mass production, urbaniza-
tion and economic agglomeration, and the third industrial revolution applied information
and communication technologies (ICTs) to manufacturing, while also leading to the emer-
gence of virtual space [1–3].

The current fourth industrial revolution with artificial intelligence (AI) and the Internet
of Things (IoT) is leading the global economy and accelerating the convergence of business,
industries and IT to create new business models, including a hyper-connected society [4].
In particular, smart cities are leading industrial innovation in the fourth industrial era,
instigating a knowledge industries’ boom.

Korea has developed ICT-driven smart cities to reinforce the national competitiveness
and enhance industry value chains and production path chains through industrial ecosys-
tems [5]. The development of smart cities has received public attention as a global city
model to foster new value creation, technological innovation and sustainable development.
Smart cities perform an increasingly important role in physical infrastructure management
such as transport, security and safety, power supply, sewage treatment and water supply
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and management in cities [6–8]. Smart cities provide a new industrial paradigm based on
the convergence of the built environment and ICTs [9].

Recently, smart cities have significantly affected changes in the industrial ecosystem
with new forms of living and working environments such as smart homes, smart offices,
smart mobility and living lab facilities in convergence with disruptive technologies and
knowledge-based industries [10–12]. Furthermore, a smart city strategy focuses on urban
sustainability in response to the recent fourth industrial revolution, climate change and
economic recession [13–15]. Countries that did not respond to the needs of the industrial
revolution will meet challenges to sustainable development [16].

Recently, researchers have tried to understand the industrial ecosystem within smart
cities such as smart city industry ecosystems [5] and smart city governance/service/data
ecosystems [17–19]. These studies investigated how to measure economic efficiency rather
than empirical research focusing on the mechanism of the smart city industry. Despite
many studies on smart cities, there is a lack of research on the evolving industrial ecosystem
within smart cities.

Thus, this study aims to examine the structural changes in the industrial ecosystem
in Korea’s smart cities over 60 years. Moreover, this study performed the following
procedures to confirm the sustainable smart city industry. First, we defined smart city
industries based on an international literature review. Second, we quantitatively measured
structural changes in smart city industries. Input–output analysis is used to quantify
structural changes through technical coefficients and Leontief inverse coefficients. Finally,
we analyzed the relational changes in the production path of smart industries and industrial
convergence using a structural path analysis model.

2. Literature Review

2.1. Concept of Smart City

A smart city is a concept of the city of the future that applies ICTs to urban services,
infrastructure and governance, providing a range of ubiquitous, affordable and smart
services to enhance citizens’ quality of life [14,20–22]. The smart city was first introduced
as a concept of ubiquitous computing, which aims to create a built environment in which
computers are embedded in physical objects so that users cannot recognize the computers,
known as the Internet of Things, and yet at the same time can use the objects [23]. Smart
city researchers have tried to translate the ubiquitous computing environment to the city
level [8]. Spin-off research on the ubiquitous city has been conducted in Korea with studies
on cutting-edge technologies or successful technology implications for smart cities and
communities. Most researchers agreed that smart cities should aim to improve the quality
of life by using ICTs and provide integrated urban services across various fields such as
local economy, health, security, education, culture and society [24–27].

Albino et al. [28] summarized the smart city into four dimensions: a city’s networked
infrastructure that enables social and cultural development; an emphasis on business-led
urban development and creative activities for the promotion of urban growth; social inclu-
sion of various urban residents and social capital in urban development; and preservation
of the natural environment as a strategic component for the future. Neirotti et al. [24]
classified the smart city concept into hardware and software domains. Smart cities focused
on hardware use sensors and wireless technology to collect, store and analyze big data.
In contrast, smart cities focused on software include education, culture, innovation and
administration as well as communication with citizen participation. This study defines
a smart city as one in which ICTs and eco-technologies (EcoTs) such as sensors, devices,
artifacts and algorithms are linked, integrated and embedded with the traditional, physical
city. ICTs and EcoTs are technologies such as sensors, devices, artifacts and algorithms,
and a traditional city indicates the physical city. In other words, smart cities work only
when there is a convergence of physically traditional cities with IT-related manufacturing
business such as sensors, devices and artifacts, as well as knowledge services such as
knowledge algorithms [5].

100



Sustainability 2021, 13, 9917

A smart city considers not only the technological aspect but also the sustainable
development aspect. The United Nation’s Sustainable Development Goals (SDGs) also
point out the direction of achieving sustainability in every aspect of life [29]. Smart cities
provide economic, cultural and social environments for residents to improve their quality
of life. The primary aim of the sustainable smart city is to provide a mechanism for
fulfilling the requirements of the present as well as the future generation inhabitants [30].
Nevertheless, it is debatable whether a simple implementation of the smart city could lead
to a sustainable city for an improved quality of life [31,32]. Some researchers point out the
negative aspects of smart cities as follows: territorial colonization in the digital age [33],
the widening of inequality in technology (digital divide) [34], smart city plans that focus
on corporate interests rather than citizens [35] and the negative impact within cities of new
technologies, networks and infrastructure [36].

As such, various discussions in terms of smart cities are being conducted. Among
these various discussions, this study focuses on a sustainable smart city from technical,
industrial and economic perspectives.

2.2. Smart City Industries

Previous literature was reviewed to define smart industries. There are no clear defini-
tions and classifications for smart industries, and they are diversely classified depending
on the research objectives and subjective views of researchers. Early studies on smart city
industries include Cho et al. [37], Kim et al. [38] and Jeong [39].

Cho et al. [37] classified smart industries into 15 industries, including personal life (5),
equipment (7) and public administration and services (3), to analyze how the ripple effects
of adopting smart cities impact the Korean economy. Kim et al. [38] analyzed the ripple
effects of Hwaseong and Dongtan smart cities in Korea on the regional economy through
regional input–output tables. Smart city industries were sorted into 13 main categories of
the input–output table, classified and defined as personal life (social and other services and
3 others), industry and economy (electrical and electronic equipment and 6 others) and
public administration (electricity, gas and water supply and 1 other).

Jeong [39] focused on services in Asan cities in Korea to analyze the economic rip-
ple effect of smart city development and identified four smart industries: electrical and
electronic equipment; construction; communications and broadcasting; and others. Early
studies on smart city industries defined them based on cities with smart services and
defined construction and communication as key smart city industries.

As the smart city concept was further developed, studies defined smart city industries
focusing on a new framework. Since 2010, smart city industries in Korea have been defined
by focusing on operation and management as well as supply and demand, reflecting the
views of experts.

Lim et al. [40] examined Seoul and divided smart industries into smart city infras-
tructure and utilization sectors to set the policy direction for smart cities. Industries
were classified into eight main categories such as electrical and electronic equipment,
construction, real estate and business services. Based on an expert survey to examine the
characteristics of smart city industries, Lim et al. selected six industries such as construction
and transport as smart city industries. Kim et al. [41] used a Delphi survey of experts to
analyze how IoT sensors are related to smart city industries, deriving 30 subcategories of
smart city industries.

Recent studies include Jo and Lee [5]. This study defined smart city industries as
construction businesses based on IT manufacturing (precision instruments, electrical and
electronic equipment), IT services (communications and broadcasting) and knowledge
services (six fields such as finance and insurance, real estate and lease, professional, sci-
entific and technical services). Unlike other studies, Jo and Lee focused on interpreting
the relationship between smart city industries and other industries. IT manufacturing is
hardware such as electrical and electronic equipment (sensors), and knowledge services
are software such as specialized algorithms. IT services are defined as the communications
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and broadcasting industry, provided for people with the convergence and integration of IT
manufacturing with knowledge services and construction.

Overall, studies on classifying smart industries have been conducted by consulting
with smart city experts, meaning smart industries were classified differently depending on
the smart city concept defined at the time of the research. Based on the main categories,
smart industries were classified into IT manufacturing such as computers, electronic
and optical devices and electrical equipment, IT services such as communications and
broadcasting services, and knowledge services such as finance and insurance, professional,
scientific and technical services, education, health and welfare and culture and sports.

Based on previous studies that defined the smart city concept and classified smart
industries, this study investigated the cases related to any major smart industries, denoted
by smart-X, to determine how the technologies and industries applied to actual smart cities
are connected. This study selected three smart industries, smart cars (e.g., autonomous
vehicle) [42] and buildings (e.g., zero-energy building) [43]. These smart-X industries
anticipate an exponential growth in production by 2025 [44–46].

The following procedures were carried out to map the technologies and services of
smart-X cases with the industries. First, elements that comprise smart-X cases such as
services, technologies and infrastructures were identified. Second, the elements were
mapped again based on the Harmonized Classification System of ICTs developed by the
Telecommunications Technology Association in Korea. Third, the mapped industries were
reclassified according to the Korea Standard Industrial Classification of Statistics Korea
and were finally applied to the input–output tables from the Bank of Korea [47].

By the industry analysis of smart cars, buildings and factories, it is possible to deter-
mine the detailed structure of the industries that form smart-X. Based on the subcategories
of the input–output tables, smart-X industries had 20 common industries classified into IT
manufacturing, IT services and knowledge services (Table 1). Based on the definitions of
smart cities in the previous studies, this study defines smart city industries as IT manu-
facturing such as electrical and electronic equipment, precision instruments, IT services
such as communication services and knowledge services such as professional, scientific
and technical services.

Table 1. Components of the smart-X industry.

Industries of Input–Output Table
Smart

Car
Smart

Building
Classification

Semiconductor Manufacturing • •

IT Manufacturing

Electronic Display Manufacturing • •
Printed Circuit Board Manufacturing • •

Other Electronic Components Manufacturing • •
Computers and Peripherals Manufacturing • •

Communications and Broadcasting Equipment Manufacturing • •
Medical and Measuring Devices Manufacturing •

Generator and Motor Manufacturing • •
Electrical Conversion and Supply Control Unit Manufacturing • •

Battery Manufacturing • •
Wire and Cable Manufacturing •

Other Precision Instruments Manufacturing •
Wired, Wireless and Satellite Communications Services • •

IT ServicesOther Telecommunications Services • •
Information Service • •
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Table 1. Cont.

Industries of Input–Output Table
Smart

Car
Smart

Building
Classification

Software Development Supply Services • •
IT Services

Other IT Services • •
Research & Development • •

Knowledge Services
Building and Civil Engineering Services •

Scientific and Technical Services • •
Other Professional Service • •

2.3. Industrial Ecosystem Analysis

The literature on the industrial ecosystem was reviewed, focusing on studies using
structural path analysis. Defourny and Thorbecke [48] used a structural path analysis
model to analyze the path spread of economic activities (the industrial ecosystem struc-
ture) using Leontief inverse coefficients apart from the economic ripple effect that can be
analyzed using input–output tables. This study used the Korean Social Accounting Matrix
(SAM) data for 1968 and classified and analyzed three ecosystems: the effects of production
activities on factor income, the effects of production activities on households with different
social and economic characteristics and the effects of households with different social and
economic characteristics on production activities.

Oh and Lee [49] used structural path analysis to analyze the ripple effect of the com-
munications sector on other industries as well as the industrial ecosystem. The data used
were the 1980–1985–1990 input–output tables of the Bank of Korea. A total of 405 industries
in the input–output tables were reclassified into 7 industries: communications sectors
such as communication devices, communication facilities and communication services and
non-communications sectors such as agriculture, forestry and fisheries and manufactur-
ing, construction and services. Up to four structural paths (ecosystems) of the industries
were analyzed. The results indicated that the ripple effect of the communications sector
was increasing. The ecosystem of the communications sector was not only expanding in
terms of demand, but also showing a greater change due to increased output rather than
structural change.

Basu and Johnson [50] used a structural path analysis model to analyze the inter-
sectoral connectivity of Virginia, US, and created an index. The intersectoral industrial
ecosystem was analyzed to test the hypothesis that “urban connectivity becomes more
complex with economic development” [51]. Intersectoral connectivity was analyzed with a
focus on the number of paths, the number of arcs that form the paths and path multipliers.
The results revealed that the growing influence of an industry does not necessarily lead to
an increase in its paths and arcs.

Lee and Leem [11] examined the effects of ICTs on other industries. The results of
the structural path analysis model showed that knowledge-based cities are most related
to ICTs and are creating new production paths and value chains. Using the 2000 and
2010 input–output tables as the research data, 28 main categories were reclassified into
5 industries, and up to 4 structural paths to estimate the ecosystem were presented. The
results revealed that the demand for the ICT industry continued to grow and that the
industry was an intermediary for other industries.

Jo and Lee [5] analyzed how the ecosystem of smart city industries in Korea was being
merged. Smart city industries were defined as construction based on IT manufacturing,
IT services and knowledge services. Using the 1980 and 2014 input–output tables as the
research data, 403 industries in the basic sector were reclassified into 9 industries. This
study analyzed the change in the ecosystem, focusing on the structural and convergent
change of smart city industries. The results showed that smart city industries exhibited
remarkable growth. The industry convergence was led by smart city industries, and the

103



Sustainability 2021, 13, 9917

ecosystem was becoming stronger around these industries. However, in the industrial
aspect, traditional industries such as agriculture, mining and manufacturing held a greater
position than smart city industries, showing that smart cities were yet to emerge.

Industrial ecosystem studies analyzed the ecosystem by considering both the im-
pact exchanged among industries and also micro aspects such as the industrial structure.
Previous studies focused on production, technical coefficients and multipliers in the input–
output analysis and on distinct and new paths in the structural path analysis. As well
as the analysis of the ecosystem, our study also analyzed catchment coverage and inter-
industry convergence.

3. Model and Data

3.1. Model
3.1.1. Input–Output Model for Structural Changes in Industrial Ecosystem

The analytical model used here is the input–output model and structural path analysis.
Input–output analysis is a methodology presented by Leontief to analyze the flows of all
goods and services in the economy [52]. The basic structure of input–output tables is in the
form of a matrix, divided into endogenous and exogenous sectors.

Endogenous sectors represent transactions of goods and services, shown in interme-
diate demand and intermediate input. Exogenous sectors represent final demand and
value-added. A column of an input–output matrix depicts the cost of purchasing the prod-
uct from industry i to manufacture a single product in industry j. The purchase structure of
industry j is divided into intermediate inputs that represent the purchase of raw materials
and value-added, and the total is represented as total input.

A row of an input–output table shows the product in industry i sold to industry j. The
sales structure is divided into intermediate and final demand. The total demand is the sum
of intermediate and final demand, and the total output is income deducted from the total
amount of demand (Figure 1).

Figure 1. Structure of the input–output table. Source: Bank of Korea (2014), Revision.

Input–output analysis uses input coefficients calculated from the input–output tables.
A technical coefficient is the intermediate input in each sector divided by total input and
can be depicted as shown in Equation (1). The technical coefficient aij represents the input
of industry i necessary for industry j to produce a single unit. Equation (1) is expressed
as follows;

aij = xij/xj (1)

where,
aij is technical coefficient of (i, j);
xij is intermediate input of j industry;
xj is total input of j industry.
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Production inducement coefficients can be calculated through input coefficients. A
Leontief inverse coefficient represents the effect on industry i when the final demand
of industry j increases by a unit. The production inducement coefficient is as shown in
Equations (1) and (2):

bij = [I − A]−1 (2)

where,
bij is Leontief inverse coefficient of (i, j);
I is identity matrix;
A is matrix of technical coefficient (aij).

3.1.2. Structural Path Analysis for Relational Changes in the Industrial Ecosystem

While inter-industry linkage is explained by simple production inducement coeffi-
cients in input–output analysis, structural path analysis can decompose multipliers of
input–output tables in detail [53]. This analytical model can backtrack the entire process in
which the multiplier effect is calculated and analyze the path of inter-industry linkages.
The ripple effects of structural path analysis are classified into direct and indirect effects
depending on whether there is a multiplier in each path and transfer path (Table 2).

Table 2. Calculation in structural path analysis.

Effects Path Type Calculation

Direct Effect I(i-x-y-j)= axi · ayx · ajy

Indirect Effect(red) I(x-y-z-x) = [1 − ayx (axy + azy · axz)]−1

Total Effect I(i-x-y-j) (x-y-z-x) = (axi · ayx · ajy) · [1 − ayx (axy + axz · azz)]−1

Global Effect
I(i-x-y-j) (x-y-z-x) (i-s-j) (i-v-j) = (axi · ayx · ajy) · [1 − ayx (axy + axz · azz)]−1 +

asi · ajs + avi · ajv (1 − avv)−1

Source: Defourny and Thorbecke (1984), Revision.

Direct effects indicate the variance of industry j that changes along the basic path
when industry i has changed by a unit and can be depicted as I(i-x-y-j) = axi · ayx · ajy. Indirect
effects represent the effects from being included in the direct path and going through
the intermediate stage and the effects of feedback. A related equation can be depicted as
I(i-x-y-j) (x-y-z-x) = (axi · ayx · ajy) · [1 − ayx (axy + axz · azz)]−1. Total effects not only indicate
the basic path from industry i to industry j, but also include indirect effects within the
path and can be calculated by I(i-x-y-j) (x-y-z-x) = (axi · ayx · ajy) · [1 − ayx (axy + axz · azz)]−1.
I(i-x-y-j) (x-y-z-x) (i-s-j) (i-v-j) = (axi · ayx · ajy) · [1 − ayx (axy + axz · azz)]−1 + asi · ajs + avi · ajv

(1 − avv)−1 represent global effects, which refer to all effects spread out to industry j when
the demand of industry i has changed by a unit.

3.2. Data

This study used input–output tables, based on current market prices in the relevant
year, for 1960, 1975, 1995 and 2015 from the Bank of Korea [54]. To compare the 4-year
input–output tables, this study eliminated the nominal increment by inflation by applying
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the GDP deflator using the index with 2015 as the base year provided by the Bank of Korea
(Table 3). To analyze the ecosystem of smart city industries with the 4-year input–output
tables applying the GDP deflator, sub-subcategories that are the minimum unit of each
industry were reclassified into nine industries: Agriculture and Mining (AM), Traditional
Manufacturing (TM), IT Manufacturing (ITM), Construction (C), Energy Supply (E), IT Ser-
vices (ITS), Knowledge Service (KS), Traditional Services (TS) and other unclassified (ETC).

Table 3. Classification of smart city industries.

1960 Year
Industries No

1975 Year
Industries No

1995 Year
Industries No

2015 Year
Industries No

9 Industries

1–7 1–16 1–11 1–8 Agriculture and Mining
(AM)8–11 17–27 12–18 9–12

12–43 28–69 19–56 13–35

Traditional Manufacturing
(TM)

44–55 70–93 57–75 36–51

56–68 94–110 76–93 52–67

69–74 111–116 94–101 83–93

78–81 124–127 115–121 94–100

76, 82–83 117, 120, 128–130 107, 110–111, 113–114,
122–124 74, 76, 81–82, 101–103

75, 77 118–119, 121–123 102–106, 108–109, 112 68–73, 75, 77–80 IT Manufacturing (ITM)

90, 93 136–138, 157 125–128, 161 104–110 Energy Supply (E)

85–89 131–135 129–133 111–117 Construction (C)

94 149 145 131–132, 134–136 IT Services (ITS)

- - 146 137–138

Knowledge
Services

(KS)

91 150–151 147–149 139–142

- - 153–154 146–150

99 155 156 157

100 156 159–160 158–159

104 160 162 160–161

- - 134 118

Traditional Services
(TS)

98 139–141 135–136 129–130

95–97 142–148 137–144 119–128

92 152–153 150 143–145

102–103 159 152 151–154

101 154 155 155–156

105 158, 161 163–165 162–164

106–109 162–164 166–168 165 other unclassified (ETC)

Source: The Bank of Korea (1960, 1975, 1995, 2015).

Agriculture and Mining (AM) was reclassified around primary industries. Tradi-
tional Manufacturing (TM) was classified around secondary industries. IT Manufacturing
was separated from Traditional Manufacturing based on the key indicators of previous
studies and smart-x cases. IT Manufacturing had 11 sub-subcategories, such as semicon-
ductors, electronic display devices, circuit boards, electronic components, computers and
communications equipment.

Construction (C) was classified around building construction and civil engineering,
and energy supply (E) included electricity, gas, water supply and renewable energy. IT
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Services included wired and wireless communications, information services and software.
Knowledge Services were classified based on previous studies and included finance and in-
surance, professional, scientific and technical services, education, health and culture [55,56].
Knowledge Services is an industry that includes IT Services, but these were separated
to specifically examine the ecosystem of smart city industries. The industry titled other
included businesses that are not clearly classified such as residuals and office supplies,
but this study did not include others in the interpretation of the ecosystem of smart city
industries. Traditional Service (TS) was classified into food and accommodation, real
estate, business support and other services. Other unclassified industries (ETC) included
businesses that are not clearly classified such as residuals and office supplies. This study
did not include ETC in interpretation related to the ecosystem of smart city industries.

4. Results

4.1. Quantitative Ecosystem of Smart City Industries
4.1.1. Changes in the Industry Spectrum of Smart City

The industry spectrum refers to the relative proportion that a particular industry
occupied in the entire industry at a given time. The spectrum analysis of smart city
industries reveals the growth in the number of smart city industries among the total
number of industries from 1960 to 2015 (see Figure 2 and Table 4). The spectrum coverages
of smart city industries are growing, increasing from 112 in 1960 to 165 in 2015, while
those of traditional industries are declining. Agriculture and Mining and Traditional
Manufacturing showed a simultaneous decline in both catchment coverages and shares
starting from 1975.

The three smart city industries showed a constant increase from 1960 to 2015 as their
shares in all industries increased by 4.9% for IT Manufacturing, 2.1% for IT Services and
4.9% for Knowledge Services, meaning the spectrum coverages of the smart city industries
are becoming broader. In particular, IT Manufacturing and Knowledge Services showed a
rapid increase in spectrum coverages compared to other smart city industries.

The industry spectrum analysis showed that smart city industries are being increas-
ingly subdivided. In 2015, IT Services broadened its catchment coverages. However,
Traditional Manufacturing still has many spectrum coverages, which implies that the
Korean ecosystem of smart city industries is still in its initial stage.

 

Figure 2. Result of industrial spectrum changes (unit: the number of industries).
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Table 4. Result of industrial spectrum changes (unit: the number of industries, %).

Industries 1960 1975 1995 2015

AM 11 (9.8) 27 (16.2) 18 (10.7) 12 (7.3)

TM 71 (63.4) 98 (58.7) 98 (58.3) 80 (48.5)

ITM 2 (1.8) 5 (3.0) 8 (4.8) 11 (6.7)

CN 5 (4.5) 5 (3.0) 5 (3.0) 7 (4.2)

E 2 (1.8) 4 (2.4) 5 (3.0) 7 (4.2)

ITS 1 (0.9) 1 (0.6) 1 (0.6) 5 (3.0)

KS 6 (5.4) 7 (4.2) 13 (7.7) 17 (10.3)

TS 10 (8.9) 17 (10.2) 17 (10.1) 25 (15.2)

ETC 4 (3.6) 3 (1.8) 3 (1.8) 1 (0.6)

Sum. 112 (100) 167 (100) 168 (100) 165 (100)

4.1.2. Production Changes

Changes in industrial production are analyzed to examine the changes in the sum of
intermediate inputs, and the results are reported in Table 5. All industrial production con-
stantly increased from 1960 to 2015. In 1960–1975, Agriculture and Mining and Traditional
Manufacturing had more production than the total average. However, Agriculture and
Mining were replaced by Traditional Services in 1995. Increasing urbanization weakened
agriculture and fisheries while increasing transport and real estate. The production ratios of
Agriculture and Mining (−16.8%) and Construction (−1.6%) decreased from 1960 to 2015,
whereas those of other industries increased. In particular, IT Manufacturing and Knowl-
edge Services showed a remarkable increase. The average rate of increase in the amount of
production was greatest for IT Manufacturing (241,311%), followed by Knowledge Services
(93,082%), Traditional Manufacturing (51,829%) and IT Services (42,854%).

Table 5. Result of production changes (unit: million Korean won, %).

Industries 1960 Year 1975 Year 1995 Year 2015 Year
Avg.

Growth Rate (%)

AM 268
(24.6)

188,109
(18.4)

24,320,968
(8.2)

170,481,650
(7.8) 27,840

TM 441
(40.5)

566,736
(55.3)

150,823,687
(50.7)

998,062,109
(45.4) 51,829

ITM 5
(0.5)

32,936
(3.2)

21,299,216
(7.2)

179,571,645
(8.2) 241,311

CN 22
(2.1)

7679
(0.7)

4,424,448
(1.5)

11,441,286
(0.5) 30,827

E 30
(2.8)

23,183
(2.3%)

7,917,369
(2.7)

89,307,901
(4.1) 37,419

ITS 10
(0.9)

7321
(0.7)

3,970,270
(1.3)

56,467,957
(2.6) 42,854

KS 17
(1.6)

25,492
(2.5)

32,842,130
(11.0)

249,525,295
(11.4) 93,082

TS 197
(18.1)

133,394
(13.0)

39,973,548
(13.4)

437,109,558
(19.9) 32,824

ETC 98
(9.0)

39,782
(3.9)

11,988,052
(4.0)

4,144,011
(0.2) 23,487

Total 1088
(100)

1,024,631
(100)

297,559,688
(100)

2,196,111,412
(100) -

Avg. 121 113,848 33,062,188 244,012,379 -
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4.2. Qualitative Ecosystem of Smart City Industries
4.2.1. Changes in Technical Coefficient

Structural changes in the input–output coefficients were analyzed by the sum of the
input–output coefficients of intermediate input in each year (∑9

j=1 aij). The input–output
coefficient refers to the amount of goods and services that must be input by each industry
when all industries produce a single-unit product. The results not only reveal that smart
city industries are growing continuously but also how much value-added is produced at
the same time.

Table 6 shows that Traditional Manufacturing had a remarkably higher input than
other industries. Although its ratio is decreasing, it is still a key industry in Korea. The
smart city industries of IT Manufacturing (146%), IT Services (114%) and Knowledge
Services (171%) had more growth, showing that smart city industries are important for
other industries.

Table 6. Result of changes in technical coefficient (unit: %).

Industries 1960 Year 1975 Year 1995 Year 2015 Year
Avg.

Growth Rate

AM 0.5261
(13.3)

0.4002
(8.5)

0.3264
(7.0)

0.4477
(8.4) −2

TM 1.5184
(38.5)

2.3823
(50.7)

1.9877
(42.9)

1.7936
(33.7) 10

ITM 0.0943
(2.4)

0.5040
(10.7)

0.4534
(9.8)

0.5195
(9.8) 146

CN 0.0704
(1.8)

0.0419
(0.9)

0.0813
(1.8)

0.0271
(0.5) −4

E 0.1087
(2.8)

0.0899
(1.9)

0.1916
(4.1)

0.2699
(5.1) 46

ITS 0.0220
(0.6)

0.0326
(0.7)

0.0776
(1.7)

0.1994
(3.7) 114

KS 0.0472
(1.2)

0.1269
(2.7)

0.5681
(12.3)

0.5476
(10.3) 171

TS 0.9726
(24.7)

0.8719
(18.6)

0.7687
(16.6)

1.4858
(27.9) 24

ETC 0.5853
(14.8)

0.2472
(5.3)

0.1767
(3.8)

0.0315
(0.6) −56

Total 3.9452
(100.0)

4.6970
(100.0)

4.6315
(100.0)

5.3221
(100.0) -

Other industries are in constant need of smart city industries, and the value-added of
these smart city industries is increasing. From the perspective of input (considering the
ratio of all), the three smart city industries were growing; however, they still had a lower
ratio than traditional industries of Agriculture and Mining, Traditional Manufacturing and
Traditional Services. Energy showed a constant increase in input to other related industries
such as smart energy, smart grid and smart energy monitoring.

4.2.2. Changes in Leontief Inverse Coefficient

Changes in the production inducement coefficients were analyzed by the sum of the
production inducement coefficients of intermediate demand by year (∑9

i=1 bij) and the
results are reported in Table 7. The results represent the direct and indirect effects on all
industries when each industry increases by one production unit. The industries with the
largest ripple effect were Traditional Manufacturing, IT Manufacturing, Construction and
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Energy. Manufacturing industries showed higher production inducement coefficients than
service industries because they have more input of domestically produced raw materials.

Table 7. Changes in Leontief inverse coefficient (unit: %).

Industries 1960 Year 1975 Year 1995 Year 2015 Year
Avg.

Growth Rate
Avg. of bij

AM 1.2971
(8.0)

1.5872
(7.8)

1.8057
(9.1)

2.1990
(10.0) 19 1.7223

TM 2.1481
(13.2)

2.7158
(13.3)

2.7067
(13.7%)

2.9295
(13.4) 11 2.6250

ITM 2.5753
(15.8)

2.9985
(14.7)

2.5779
(13.0)

2.7922
(12.7) 4 2.7360

CN 2.2264
(13.7)

2.6165
(12.8)

2.4182
(12.2)

2.5255
(11.5) 5 2.4466

E 1.7965
(11.0)

2.5853
(12.7)

2.0790
(10.5)

2.4100
(11.0) 13 2.2177

ITS 1.3172
(8.1)

1.4941
(7.3)

1.3949
(7.0)

1.8897
(8.6) 14 1.5240

KS 1.3587
(8.4)

1.6591
(8.1)

1.7110
(8.6)

1.9938
(9.1) 14 1.6806

TS 1.4372
(8.8)

1.6241
(8.0)

1.8246
(9.2)

1.9892
(9.1) 11 1.7188

ETC 2.1070
(13.0)

3.1260
(15.3)

3.2772
(16.6)

3.2045
(14.6) 17 2.9287

Total 16.2635
(100)

20.4067
(100)

19.7952
(100)

21.9334
(100) - -

IT Manufacturing including sensors, computers and networks can maximize the value-
added in convergence with other industries (e.g., smart building), thereby showing high
production inducement coefficients. The smart city industries of IT Services (14%) and
Knowledge Services (14%) had a growing influence on all industries. The multiplier effect
of 30.4% of smart city industries in 2015 was one percentage point more than 29.7% in 1960,
representing approximately one-third of all industries.

4.3. Ecosystem of Smart City Industries
4.3.1. Relational changes in Industrial Path

Input–output analysis can be used to calculate the effect of the final demand change
on each industry. However, input–output analysis has limitations in detailed correlation
analysis. Structural path analysis can decompose and analyze the multiplier effect in
detail [52]. The increase in the number of structural paths is the increase in the production
inducement coefficient, which indicates that an industry’s demand is growing and its scope
of influence is expanding.

This study shows that the number of paths decreased from 141 in 1960 to 117 in
2015 because the ripple effect of direct paths became greater than that of indirect paths.
Inter-industry linkage showed a greater ripple effect in simplified paths than complicated
paths [55]. The number of paths through which IT Manufacturing affects other industries
decreased in 2015 compared to 1960. There was a decrease in direct paths, paths that go
through one industry and paths that go through three industries.

This also implies that other industries in need of IT Manufacturing also decreased.
IT Services showed an increase in the number of paths through which it affects other
industries from 1960 to 2015. The path type with the largest increase was “via two paths”
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(from 13 in 1960 to 27 in 2015), which suggests that the linkage between IT Services and
other industries is being reinforced.

This result shows that IT Services play an accelerator role for other industries. In
particular, the paths from IT Services to other industries and Knowledge Services to other
industries have increased via three paths from 1995 to 2015 (Table 8), which means that
the value chain of new industries increased. Knowledge Services showed an increase
of 18 paths in 2015 compared to 1960. The number increased in all path types, which
proves that the increasing demand of Knowledge Services results in distribution to other
industries. The extinct paths were identified most in “via two paths”. This means that
the link of industrial paths in “via two paths” is weak. Therefore, the smart city industry
influences other industries in a greater scale in “direct paths” and “via one path” than in
“via two paths”.

Table 8. Relational changes in industrial path (unit: no).

1960
Path (NP, EP)

1975
Path (NP, EP)

1995
Path (NP, EP)

2015
Path (NP, EP)

IT Manufacturing →
Other Industry

Direct path 8 (-, -) 8 (0, 0) 8 (0, 0) 8 (0, 0)

via 1 path 25 (-, -) 22 (5, 8) 26 (6, 2) 23 (3, 6)

via 2 paths 28 (-, -) 22 (6, 12) 29 (14, 7) 28 (11, 12)

via 3 paths 3 (-, -) 1 (1, 3) 2 (2, 1) 0 (0, 2)

Total 64 (-, -) 53 (12, 23) 65 (22, 10) 59 (14, 20)

IT Services →
Other Industry

Direct path 7 (-, -) 7 (1, 1) 7 (0, 0) 7 (0, 0)

via 1 path 17 (-, -) 26 (10, 1) 26 (8, 8) 26 (5, 5)

via 2 paths 13 (-, -) 19 (10, 3) 18 (9, 10) 27 (20, 11)

via 3 paths 1 (-, -) 1 (0, 0) 0 (0, 1) 2 (2, 0)

Total 38(-, -) 53(21, 5) 51 (17, 19) 62 (27, 16)

Knowledge Services →
Other Industry

Direct path 8 (-, -) 8 (0, 0) 8 (0, 0) 8 (0, 0)

via 1 path 20 (-, -) 27 (9, 2) 22 (4, 7) 25 (9, 6)

via 2 paths 10 (-, -) 20 (11, 1) 15 (3, 8) 22 (16, 9)

via 3 paths 1 (-, -) 1 (0, 0) 0 (0, 1) 2 (2, 0)

Total 39 (-, -) 56 (20, 3) 45 (6, 17) 58 (27, 14)

Note: NP (New path), EP (Extinct path), Direct path (Industry 1 → Industry 2), via 1 path (Industry 1 → Industry 3 → Industry 2),
via 2 paths (Industry 1 → Industry 3 → Industry 4 → Industry 2), via 3 paths (Industry 1 → Industry 3 → Industry 4 → Industry 5 →
Industry 2).

4.3.2. Changes in Industrial Convergence: Multiplier Effects

Table 9 presents how smart city industries converge in the structural paths of all
industries, directly showing how many industries and value chains are created through
smart city industries. For instance, the convergence of IT Services and Knowledge Industry
could lead to new IT manufacturing industries such as smart factories. Analyzing structural
paths in all industries shows there were 83 single paths in 1960, growing to 277 single paths
in 2015 involving IT Manufacturing, IT Services and Knowledge Services. Knowledge
Services showed more convergence with other industries than IT Manufacturing and
IT Services.

However, in 2015, IT Services showed a rapid change in convergence, demonstrating
that the industry is becoming an important element in convergence with other industries.
IT Manufacturing was constantly increasing. Based on the single path average, the con-
vergence ratio was highest in Knowledge Services (56.9%), followed by IT Manufacturing
(31.6%) and IT Services (11.5%), and the year-on-year increase was highest in Knowledge
Services, followed by IT Services and IT Manufacturing.
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Table 9. Changes in convergence (unit: the number of industries, %).

Path Type
1960
Year

1975 Year
(Ratio, Rate of

Increase)

1995 Year
(Ratio, Rate of

Increase)

2015 Year
(Ratio, Rate of

Increase)

Avg.
(%)

Path type of Including
Single Industry

ITM 53 61
(37.7, 15.1)

64
(27.1, 4.9)

83
(30.0, 29.7)

65
(31.6)

ITS 11 20
(12.3, 81.8)

20
(8.5, 0.0)

38
(13.7, 90.0)

22
(11.5)

KS 19 81
(50.0, 326.3)

152
(64.4, 87.7)

156
(56.3, 2.6)

102
(56.9)

Total 83 162
(100)

236
(100)

277
(100)

189
(100)

Path type of Including
Double Industry

ITS, ITM 0 2 0 4 6

ITM, KS 0 0 11 16 27

ITS, KS 0 0 0 11 11

Total 0 2 11 31 44

Path type of Including
Triple Industry

ITM, ITS, KS 0 0 0 0 0

Total 0 0 0 0 0

Analyzing double paths showed 27 paths with IT Manufacturing and Knowledge
Services, 11 with IT Services and Knowledge Services and 6 with IT Services and IT
Manufacturing. This result implies that IT Manufacturing and Knowledge Services are
creating more value chains than other double paths. Paths with IT Services and Knowledge
Services first appeared in 2015, showing that the two industries are becoming converged
into new industries. Triple paths are not yet shown, indicating that the convergence of
smart city industries is still at an early stage.

5. Conclusions and Discussion

This study analyzed the innovation ecosystem of smart city industries in Korea using
input–output models and structural path analysis on data from 1960, 1975, 1995 and 2015
input–output tables and applying Korea’s GDP deflator. The industries were classified into
nine industries through minimum units of input–output tables by year: Agriculture and
Mining, Traditional Manufacturing, IT Manufacturing, Energy, Construction, IT Services,
Knowledge Services, Traditional Services and Other unclassified.

The spectrum of primary and secondary industries such as Agriculture and Mining
and Traditional Manufacturing decreased over time, whereas those of smart city industries
such as IT Manufacturing, IT Services and Knowledge Services are relatively increasing.
This indicates that the external industrial structure is changing toward smart city industries.
The smart city ecosystem analyzed with a focus on production showed an explosive
quantity growth in IT Manufacturing, which showed approximately 10 times higher growth
than the industry showing the lowest growth, and 2.5 times higher growth than the industry
showing the second-highest growth. Typical examples of IT Manufacturing as a smart
city element are semiconductors, computers, internet network and sensors. The rapid
growth of IT Manufacturing as a smart element industry has great implications for the
entire economic structure, indicating that the value-added is greater than other industries.

Growth rates for industries in which goods and services are input in terms of technical
coefficients were relatively higher in smart city industries such as IT Manufacturing, IT
Services and Knowledge Services than others. This indicates that the demand for smart city
industries is rapidly increasing, which means that other industries took informatization
and smartification with a focus on IT Manufacturing, IT Services and Knowledge Services
industries and that smart city industries are replacing others. By the analysis of production
inducement coefficients, manufacturing industries such as IT Manufacturing were found
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to have a greater ripple effect than service industries such as IT Services and Knowledge
Services. The average increase rate of production inducement coefficients was highest
in IT Services and Knowledge Services, which indicates that the potential for the ripple
effect in these two industries was growing, and they create greater value-added than
other industries.

The number of paths in structural path analysis indicates the complexity and con-
nectivity of the entire ecosystem. The path analysis found the structure of the smart city
industry ecosystem had complexity and connectivity and was evolving. Unlike analysis of
production, technical coefficients and production inducement coefficients, the structural
paths from IT Manufacturing to other industries decreased due to the stronger direct paths
of IT Manufacturing, indicating that direct transactions between IT Manufacturing and
other industries are increasing. IT Services and Knowledge Services showed an increase
in all structural paths, indicating that they are emerging as key industries that create
value chains of new industries and are serving as accelerators for the development of
other industries.

Smart city industries are at the center of industry convergence and reinforce transac-
tions among other industries. The number of paths needing the intermediary role of smart
city industries is increasing. Paths including two or more of the three smart industries are
also increasing in a highly significant result. In particular, paths with IT Services and IT
Manufacturing or paths with IT Services and Knowledge Services, which had not existed
before 1995, first appeared in 2015, consistent with industry convergence. IT Services cre-
ates value chains of new industries. Overall, the ecosystem of smart city industries showed
convergence and evolution, creating value chains of new industries. IT Manufacturing, IT
Services and Knowledge Services are growing as important industries. The qualitative,
quantitative and convergence path analysis results presented in this study show sustained
growth in the smart city industry.

This paper makes several contributions. First, we have defined smart city industries
based on actual smart cities such as smart cars and smart buildings. Our study classified
industries with a focus on smart-X cases and technologies directly related to the fourth
industrial revolution. Second, we provide a rigorous set of evidence about the link between
smart cities and the industrial ecosystem and found that smart city industries of IT Manu-
facturing, IT Services and Knowledge Services have transformed Korean smart cities over
a period of 60 years. Smart city industries in Korea have sustained growth through the
interaction of these three industries. In addition, the results of this study further suggest
policy implications and industrial development direction for smart cities as a new growth
engine of the country in the future.

There is no international standard for smart industries. Existing studies arbitrarily
classified the smart city industries based on their industrial code. This study actively
reviewed the classification of existing studies and classified the smart city industry through
smart-X cases such as smart cars and smart buildings. Nevertheless, this study has lim-
itations in the classification of the smart city industry. Furthermore, the input–output
model and structural path analysis methods that include specific characteristics of the
input–output table have limitations. There are restrictions in the particular analysis of the
rapid changes in economic conditions because of the analysis on the macro aspects of the
smart city industry.

For a future study, it is necessary to analyze the industrial ecosystem of the smart
city by reclassifying the nine industries into sub-categories and to analyze its convergence
impact in a consistent manner. It is necessary to examine how much smartization each
industry (e.g., agriculture, manufacturing, automobile and finance, etc.) are progressing
through the smart industry.
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Abstract: The output of municipal solid waste is growing rapidly, which has brought tremendous
pressure to urban development. The supply chain of municipal solid waste (MSW) in China mainly
contains three processes: collection, transportation, and disposal. The waste is sorted at the collection
and disposed of according to the classification. However, it is mixed at the transportation stage.
Mixed transportation remixes the separately collected waste, which seriously affects the disposal
effect. The supply chain of MSW urgently needs to be redesigned to improve the MSW disposal effect.
First of all, on the ground of the waste treatment situation, we redesigned the supply chain of MSW
in China. Secondly, combined with the redesign of the MSW supply chain, this paper established
the function allocation model for collection stations, making a collection station only gather one
type of waste, and built the transportation path planning model for vehicles, reducing the impact of
waste storage on residents. Finally, based on the data of Xuanwu District in Beijing, the supply chain
redesigning practical example of incinerable waste was given. The supply chain redesigning model
in this paper not only makes full use of the existing infrastructure but also improves the disposal
effect of waste. The supply chain redesigning model has practical application value.

Keywords: waste sorting; supply chain redesigning; function allocation; path planning; incinera-
ble waste

1. Introduction

The acceleration of urbanization has led to a sharp increase in MSW output. In
China, the output of waste has increased at a rate of 8–10% every year, and disposed MSW
capacity in 2019 reached 242 million tons (Data from National Bureau of Statistics of China).
Effectively dealing with MSW has become a major problem that must be solved in urban
development. Waste incineration power generation is the best method of waste disposal
under the principle of “reduction, harmlessness, and resource reuse”, which has received
increased attention. After years of development, waste incineration has achieved significant
economic benefits in some developed countries. However, in China, the economic efficiency
and emissions of incinerating waste for power are unsatisfactory. Even in large developed
cities, such as Beijing and Shanghai, the problem is also serious.

The costs of incinerating waste for power in Beijing Gaoantun Waste to Energy co.,
Ltd., Beijing Shunyi District Municipal Waste Treatment Plant, Beijing Shougang Bioenergy
Science & Technology Co., Ltd., have been analyzed. The results show that the social cost of
burning 1 ton of MSW is about 1088.49 yuan, of which 70% comes from the loss of health in
society caused by the dioxin generated by waste incineration [1]. It is common knowledge
that incomplete waste classification and excessive impurities are the roots of dioxins in
waste incineration. Improving the waste incineration effect is an urgent problem for the
waste treatment industry.
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In China, from generation to disposal, the MSW supply chain mainly contains collec-
tion, transportation, and disposal processes. Many cities, such as Beijing and Shanghai,
have already realized the sorting collection and disposal of MSW. The MSW is divided into
recyclables, hazardous waste, kitchen waste (organic waste), and other waste. In order to
improve waste recycling and reduction, since 2019, many local governments have issued
strict waste classification policies, such as the “Management Regulations of Shanghai
Municipal Solid Waste Classification” and the “Management Regulations of Beijing Munic-
ipal Solid Waste”. However, in transportation, MSW is mostly mixed transported, which
mixes the sorting waste together, seriously destroying the waste classification results and
affecting the waste disposal effect. It is urgent to change the supply chain mode. Therefore,
combined with the waste treatment statute, we redesign the MSW supply chain and replan
the waste collection and transportation under the existing waste treatment facilities. The
specific structure of this paper is shown in Figure 1.

 

Figure 1. The specific structure of the paper.
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2. Literature Review

The redesign of the MSW supply chain should consider the situation of waste collec-
tion and transportation [2]. Therefore, we summarize the research about waste supply chain
design, the waste collection facilities layout, and the transportation route optimization.

2.1. The Design of MSW Supply Chain

MSW supply chain design and management can effectively resolve energy supply,
waste management, and greenhouse gas issues [3]. In order to promote waste recovery,
treatment, and recycling, previous research has studied the methods to improve the MSW
collection effect [4,5], the waste governance modes [6], and the distribution of profits among
all parties in the MSW supply chain [7,8], which provide the basis for MSW supply chain
design. In MSW supply chain research, several studies using multi-objective programming
methods design or optimize the MSW supply chain with economic, environmental, and
social impact [9–11]. Additionally, with the deepening of MSW supply chain research, the
effect of the uncertainty of waste collection levels [12] and sustainability issues such as
land-use and public health impacts [13] on waste supply chain design have been focused on.

The mixed-integer linear programming (MILP) method has also been applied in the
design of the waste supply chain. Previous studies mainly use the MILP method to explore
the environmental impact [14] and the conflicts of waste collection and supply [15] on
supply chain design. After that, a two-stage stochastic MILP model is formulated to exam-
ine the effects of the power price uncertainties on the MSW supply chain design [16] [15].
Additionally, an MILP model for waste supply chain networks containing the logistics,
production, and distribution is presented with the aim of maximum profit of the entire
supply chain [17].

Generally, the design of the waste supply chain mostly uses multi-objective planning
methods, considering the economic and environmental impacts. However, previous studies
have mostly neglected the waste classified and the existing infrastructure, which is not
suitable for the redesign of the MSW supply chain. Therefore, combined with the current
status of waste collection, transportation, and facility layout, this paper redesigns the waste
supply chain, which effectively improves the waste supply chain in the case of waste
sorting clearance and treatment.

2.2. The Layout of Waste Treatment Facility

The layout of waste treatment facilities is closely related to environmental protection
and residents’ lives. In different processing stages, treatment facilities are different. They
mainly contain various waste treatment plants and waste collection stations that collect
waste generated by residents. The location of waste collection stations is mostly close to
the residential quarter. When waste is stored and removed, collection stations generate
irritating gas, affecting nearby residents’ lives [18]. There is a direct relationship between the
surrounding environment of the waste collection station, the storage time of waste, and the
times of vehicle clearance operations [19]. Additionally, when the waste classification level
improves, the energy consumption and emission of waste collection stations is reduced [20].

Multi-objective programming and the geographic information system (GIS) are the
most common methods used to research the layout of waste treatment facilities. Yadav et al.
combined GIS with multi-objective programming to research the layout of waste transfer
centers [21]. Based on the same method, Yadav et al. further studied the layout of waste
transfer centers with the optimal economic cost when the waste output is uncertain [22].
Liu et al. analyzed the natural environment and human environment of Beijing by GIS and,
using the multi-objective programming method, planned the layout of the waste collection
station [23]. Furthermore, the disposal of waste has the most serious impact on the environ-
ment, so the location problem of waste disposal plants is mainly discussed, and the layout
of landfill is mostly focused on plants’ location selection [24–28]. The energy conversion
rate also is one of the factors that affect the location of waste disposal plants. Kyriakis et al.
selected a site for a waste-to-energy facility, under the constraints of maximum output
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energy and minimization of the gate fee [29]. Summarizing the previous studies, we found
that few studies have studied the layout of facilities in waste classification.

It is found that the waste collection station has a great impact on residents’ lives,
and the impact of waste collection stations on the surrounding environment is directly
proportional to the waste storage time and the clearance times of vehicles. Therefore, the
redesign of the MSW supply chain should fully consider the impact on the surrounding
residents, reducing the storage time and clearance times of the waste collection station.

2.3. The Optimization of Waste Transportation Routes

Transportation is an important process in the MSW supply chain. The optimization of
waste transportation mostly has the goal of minimum economic cost [30] or transportation
distance [31–33]. However, the above studies only optimized waste transportation under
a single objective. The single-objective method has significant shortcomings in waste
transportation optimization [34]. The multi-objective optimization model was established
considering both transportation costs and social environmental impact. With the constraints
of minimum transportation distances and emissions, Zdena et al., using GIS, optimized
the path and schedule of waste transportation vehicles [35]. Dirk et al. studied the
feasibility of using multimodal trucks and waterway transportation instead of waste
highway transportation in the waste supply chain with the restrains of transportation costs
and social impact [36].

GIS also is one of the common methods in transportation route optimization [37].
Kinobe et al. used GIS to select the site of the waste landfill plant in Kampala under the con-
straint of waste transportation routes and time [38]. Additionally, the simulation method
has also been applied in waste transportation optimization. Khanh et al. established a
multi-intelligent waste transportation simulation model for Hagiang city in Vietnam [39].
Xue et al. reviewed the problems of waste collection and disposal in Singapore and utilized
the space allocation model, studying the resource allocation of waste incineration [40].

Generally, in transportation route optimization, previous studies mostly use GIS or
mathematical algorithms to optimize vehicle routes under the constraints of the economy.
Moreover, most studies were conducted under waste mixed collection and transportation.
Few scholars have researched the collection and transportation of waste in classification.
Additionally, very little research has considered the perishability of waste, combining
waste storage and transportation together, exploring waste transportation paths with the
minimum impact on the surrounding environment.

Based on the current situation of waste collection, transportation, and disposal, this
paper redesigned the supply chain of waste sorting. First of all, on the basis of the existing
layout of the waste collection stations, we distributed the function of waste collection
stations, changing the mode of one collection station collecting various types of waste
to one type of waste. Secondly, in order to reduce the impact of waste collection and
transportation on surrounding residents, with the goal of minimum storage time and
transportation distance, this paper optimized the path of waste transportation vehicles.
Finally, the case study about Xuanwu District in Beijing was given. It is hoped that the
research in this paper can help to improve the effect of the waste disposed and provide a
reference for the supply chain mode redesign in waste sorting.

3. The Methodology for Supply Chain Redesign

3.1. The Supply Chain Redesign

In the actual treatment of waste, from generation to disposal, the waste mainly passes
the three processes: collection, transportation, and disposal. Residents transfer the waste
generated by the family to the waste cans in the community collection point; then, the
property in the community mixes the separately collected waste and transports it to the
nearby waste collection station. Additionally, after a short period of storage, the waste
is transported to the waste treatment plant by truck. When the distance between the
waste collection station and the treatment plant is far, it is necessary to set up a waste
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transfer center. To improve the treatment effect, the transfer center compresses and sorts
the waste. To vividly express the waste treatment processing, Figure 2, the current waste
collection–transportation–disposal process in China, has been given.

 

Figure 2. The current waste collection–transportation–disposal process in China.

Through investigation, it was found that when waste was transported from the
residential area to the collection station, the sorted waste began to be mixed. It is necessary
to prevent the mixed transportation of waste in this process. In order to restrict the mixed
transportation, this paper redesigned the MSW supply chain, in which the waste collection
station only gathers and transports one type of waste. The supply chain of sorting waste is
shown in Figure 3.
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Figure 3. The redesigned collection–transportation–disposal model under waste classification.

3.2. The Function Allocation Model for Waste Collection Station

The essential basis of the redesigned MSW supply chain is that each waste collection
station only collects and transports one type of waste. In order to realize the design, the
function of collection stations needs to be redistributed. Additionally, the number and
capacity of every type of waste collection station should fulfill the waste output and the
proportion in total waste output. The proportions of kitchen waste, recyclable waste,
disposable packaging, and other waste within the total amount of MSW, respectively, are
52.2%, 17.2%, 9.9%, and 20.7% [41]. Disposable packaging and other waste both can be
incinerated, so the proportions of kitchen waste, incinerable waste, and recyclable waste
in MSW, respectively, are 52.2%, 30.6%, and 17.2%. Therefore, kitchen waste collection
stations account for 52.2% of the total collection stations, incinerable waste collection
stations account for 30.6%, and the rest are recyclable waste collection stations. Affected by
local characteristics and urban functions, the composition of MSW is various in different
cities [42] and locations [43]. In actual applications, the proportion of collection stations
needs to be adjusted according to the local conditions. The amount of renewable waste is
relatively small, and most of it is collected by waste pickers; this paper focuses on kitchen
waste and incinerable waste.
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3.2.1. Modeling Assumptions

Since the function allocation model is built on the existing collection stations, the
construction cost of the collection station is no longer considered in the total cost. In order
to make the model reasonable, this paper makes assumptions about the distribution of
waste generation sources, waste transportation costs, and other factors.

(1) The waste production sources are evenly distributed around the collection station.
(2) The capacity of the collection station meets the maximum volume of waste in one day.
(3) The unit cost of waste transportation is the same between all stations.
(4) Collection stations can gather the same kind of waste from multiple residential areas.
(5) The same kind of waste in a waste production source can be transported to multiple

collection stations.
(6) Straight-line transportation can be realized from the waste production source to the

collection station, and the transportation distance can be calculated by the Euclidean
Distance.

(7) The construction and operation of collection stations are the same, and the impact of
collection stations on the surrounding environment is equal.

(8) There is no demolished risk for the existing collection stations.

3.2.2. Symbol Description

There are many variables. Additionally, we use the following symbols to repre-
sent them.

(1) Common variables:
N The aggregate of waste collection stations, i ∈ N, i = {1, 2, . . . n}.
N0 The aggregate of waste production source, j ∈ N0
Ci The capacity of waste collection station, i ∈ N
gj The volume of kitchen waste in waste production source j, j ∈ N0

pj The volume of incinerable waste in waste production source j, j ∈ N0
fij The volume of kitchen waste transferred from production source j to collection station i
f1ij The volume of incinerable waste transferred from production source j to collection station i
dij The distance between i and j

(2) Decision variables:

Zi =

⎧⎪⎪⎨
⎪⎪⎩

1, if collection station i gather kitchen waste

0, if not

Zij =

⎧⎪⎪⎨
⎪⎪⎩

1, if the kitchen waste in production source j transported to collection station i

0, if not

Mi =

⎧⎪⎪⎨
⎪⎪⎩

1, if collection station i gather incinerated garbage

0, if not

Mij =

⎧⎪⎪⎨
⎪⎪⎩

1, if the incinerated gargage in production source j transported to collection station i

0, if not
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3.2.3. The Function Allocation Model

With the above assumptions and symbol definitions, in waste classification, the func-
tion allocation for waste collection stations can be described as the following mathemati-
cal model.

minF = ∑
i∈N

∑
j∈N0

Zi ∗ Zij ∗ gj ∗ dij +∑
i∈N

∑
j∈N0

Mi ∗ Mij ∗ pj ∗ dij (1)

Formula (1) is the objective function, which has the goal of minimizing transportation
volume and distance of kitchen waste and incinerable waste from production sources to
collection stations.

Formulas (2)–(9) are constraints.

Mi + Zi ≤ 1, ∀i ∈ N (2)

Formula (2) indicates that a collection station only gathers and transports one type
of waste.

∑
j∈N0

gj − ∑
i∈N

Zi ∗ Ci ≤ 0 (3)

∑
j∈N0

Pj − ∑
i∈N

Mi ∗ Ci ≤ 0 (4)

Formulas (3) and (4) indicate that the total capacity of the selected collection sta-
tions for kitchen waste or incinerable waste should meet the output of kitchen waste or
incinerable waste.

gj − ∑
i∈N

Zi ∗ Zij∗ fij = 0, ∀j ∈ N0 (5)

pj − ∑
i∈N

Mi ∗ Mij∗ f1ij = 0, ∀j ∈ N0 (6)

Formulas (5) and (6) indicate that all kitchen waste and incinerable waste in waste
production sources are collected by collection situations.

∑
i∈N

Zi = 52.2% ∗ n (7)

∑
i∈N

Mi = 30.6% ∗ n (8)

Formulas (7) and (8) are the quantity constraints of collection stations. The number of
collection stations should satisfy the proportion of kitchen waste and incinerable waste.
Because one collection station only collects one kind of garbage, it is necessary to take the
integer of the number of collection stations. This paper rounds up the number of collection
stations to ensure the collection station is enough to accommodate all the waste.

Zi, Mi, Zij, Mij∈ {0, 1} (9)

Formula (9) is the range of decision variables, which is 1 or 0.

3.3. The Transportation Path Planning Model for Waste Truck

Through the allocation of the waste collection station function, the design that one
collection station receives and transports one type of waste has been realized. In order
to prevent the mixed transportation of waste from the collection station to the transfer
center, this paper plans the path of the waste truck that transfers the same kind of waste in
collection stations on the basis of the function allocation. Combined with the impact of the
waste collection station on the surrounding environment, under the goals of the shortest
transportation path of the truck, the shortest storage time of waste in the collection station,
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and the minimum transported times of waste for the collection station, a waste truck path
optimization model for one kind of waste was established.

3.3.1. Modeling Assumptions

In order to make the model reasonable, this paper makes the following assumptions.

(1) The amount of waste in the collection station is known and will not significantly
change.

(2) When the load and time permit, the truck can go to multiple collection stations to
transport waste.

(3) The truck does not affect each other in driving and operation;
(4) The opening hours of the collection station are consistent with the waste truck.
(5) The truck travels at the same speed.
(6) Straight-line transportation can be realized between collection stations, and the dis-

tance is equal to the Euclidean Distance.
(7) All trucks start from the transfer center, and after finished waste transportation, they

will return to the transfer center.
(8) The unit transportation cost of trucks is the same.

3.3.2. Symbol Description

There are many variables. Additionally, we use the following symbols to repre-
sent them.

(1) Common variables:

N1
The aggregate of waste collection stations i that gather the same kind of waste,
i ∈ N1,i = {1, 2, . . . n}

N2 The aggregate of the transfer center and the aggregate of the waste collection station N1
qi The volume of waste in the collection station i, i ∈ N1.
K The aggregate of a waste truck k, k ∈ K,k = {1, 2, . . . k}
C The number aggregate of a truck, c = {1, 2, 3 . . . c}, c ∈ C.
W The maximum load of a truck
e The collection station starting work time
l The collection station ending work time
v The speed of a truck
S Time for waste truck loading

Tk
ic

The time point that the collection station i was cleared by the truck k when it starts from
transfer center in Cth time.

qk
ic

The transported volume of waste in collection stations i, if the truck k collected waste from
collection station i when it starts from transfer center in Cth time.

(2) Decision variables:

Xk
ic =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

1, if the truck k collected the garbage in the collection
station i when it departs from transfer center in Cth time

0, if not

Xk
ijc =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

1, if the trunk pass through path between i and j
when it departs from transfer center in Cth time (i, j ∈ N2)

0, if not

3.3.3. The Transportation Path Planning Model

In transportation path planning, with the same unit transportation cost of trucks, the
smaller the mileage of vehicles, the lower the total cost of transportation [31–33]. Therefore,
the mileage of vehicles is used to represent the economic benefits of waste transportation.
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The irritating gas generated by the waste in collection stations significantly affects the
nearby residents’ lives [18]; transportation path planning should consider the impact
of irritating gas on residents. There is a direct relationship between the surrounding
environment of the waste collection station, the storage time of waste, and the times of
vehicle clearance operations [19], so the storage time of waste and the transported times
of collection stations are used to represent the impacts of the waste collection station on
the surrounding environment. The path optimization model for the waste truck aims at
achieving the shortest travel path for the truck, the shortest waste storage time for the
collection station, and the minimum times for waste transportation in the collection station.
The constraints of the model include vehicle load, waste transportation volume, and the
working time of the collection station.

minF = w1F1 + w2F2 + w3F3 (10)

F1 = ∑
k∈K

∑
c∈C

∑
i∈N2

dij ∗ Xk
ijc (11)

F2 = ∑
i∈N1

max
{

TK
ic , i = 1, 2, . . . n

}
(12)

F3 = ∑
k∈K

∑
c∈C

∑
i∈N2

Xk
ic (13)

Equation (10) is the overall objective function; F1, F2, and F3 are the sub-objectives,
whose specific explanations are Formulas (11)–(13); w1, w2, and w3 are the weight of
the sub-objective.

F1 is the total travel distances of trucks, which are the sum distances of every truck.
Additionally, every trucks’ travel distances are affected by dij, the distance between i and j,
and Xk

ijc, whether the truck passes through the way between i and j when the truck starts
from the transfer center in Cth time.

F2 is the total waste storage time of collection stations, which is the sum of the
maximum of Tk

ic, ∀i ∈ N1, the time that every collection station i was transferred by the
truck k, when it starts from the transfer center in Cth time.

F3 is the total time for collection stations transported by trucks, which is the sum of
times that all collection stations are transported by all waste trucks. The specific calculation
is shown in Equation (13).

The waste collection stations are close to the residential quarter. Waste with long-time
storage produces a significant amount of irritating gas, which has a serious impact on
the lives of surrounding residents, especially in summer. In order to achieve the optimal
economic and environmental benefits, this paper assumes that economic impacts and
environmental impacts are equally important when transporting waste. Therefore, w1, the
weight of vehicles mileage, is equal to the sum of w2, the weight of waste storage time, and
w3, the weight of the waste in collection stations be transported times. Since the effect of
waste storage time on the environment is more than the impact of transported times, the
weight of storage time should be greater than the transported times. We assume that w1,
w2, and w3, respectively, are 0.5, 0.3, and 0.2.

∑
k∈K

∑
c∈C

Xk
ic ≥ 1, ∀i ∈ N1 (14)

∑
i∈N1

∑
k∈K

∑
c∈C

Xk
ic ≥ n (15)
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Equations (14) and (15) are the constraints of waste transported times in the collection
station. Formula (14) indicates that the waste in the collection station must be transported,
and Formula (15) indicates that a collection station can be transported multiple times.

∑
i∈N1

∑
k∈K

∑
c∈C

qk
ic ∗ Xk

ic ≥ ∑
i∈N1

qi (16)

∑
k∈K

∑
c∈C

qk
ic ∗ Xk

ic ≥ qi, ∀i ∈ N1 (17)

Formulas (16) and (17) are the transportation volume constraints. Formula (16) indi-
cates that the total transportation volume of waste trucks is equal to the storage volume
of collection stations. Formula (17) indicates that the amount of waste being transported
at each collection station is equal to the amount stored. Additionally, qk

ic is the shipment
volume of the truck when it passes through collection station i, which is greater than 0.

∑
c∈C

∑
i∈N1

qk
ic ≤ w, ∀k ∈ K (18)

Formula (18) is the truck’s load constraints, which mean that for any vehicle, the load
cannot exceed the vehicle maximum load.

Tk
ic = e +

c

∑
c=1

XK
ijc ∗ dij÷v +

[
n

∑
i=1

c

∑
c=1

Xk
ic

]
∗ S (19)

Formula (19) is the working time constraints, which mean that when the waste in the
collection station i is transported, the time must be the working time of collection station,
e � Tk

ic � l. Additionally, Tk
ic is the sum of the time collection station starting work, the

time truck driving on the road, and the loading time. The driving time is calculated by the
travel distance and truck speed. The loading time is equal to the product of the number of
loading times and the time required to load once.

4. Data Collection and Processing

Waste disposal should follow the principles of reduction, recycling, and harmlessness.
Due to the large demand for land, the landfill has no longer been used in an increasing
number of countries and districts. In China, renewable waste is mostly collected by waste
pickers. Therefore, we mainly discuss the supply chain of waste for incinerated, based
on the actual data of Xuanwu District (It has been merged with other districts, becoming
Xicheng District) in Beijing.

Xuanwu District is located in the southwest of Beijing. The shape of Xuanwu District is
similar to a rectangle, and the total area is 19.04 square km. There are about 107 communities
in Xuanwu District, with an approximate population of 544,000. In general, Xuanwu
District has a large population, frequent personnel activities, and a large amount of waste
production. There are 30 waste collection stations in Xuanwu District, and their distribution
is shown in Figure 4. After collecting and temporarily storing, the waste in Xuanwu District
is transported to the Majialou Sorting Transfer Station (Majialou transfer center). In the
transfer station, the waste is transported to the corresponding disposal plant for processing
after weighing, sorting, compressing, and removing impurities.
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Figure 4. The distribution of waste collection stations.

(1) The basic data of waste output and collection stations

This paper quotes the basic data of collection stations and waste output in Xuanwu
District from the “Research on Vehicle Dispatching and Optimization of Beijing Refuse
Collection based on Municipal Solid Waste Classification” [44]. There are two working
hours for waste collection and transportation. Since the waste output and the trucks are
the same, we design the waste collection and transportation model using the data in the
working hours from 5:30 to 13:30. We calculated the quantity of kitchen waste, incinerable
waste, and recyclable waste in each collection station according to the proportion of them
in total waste output [41] and established the coordinate system using the point (116.3334,
39.840239) as the origin. The coordinate value of each point is calculated by gpsCalc (2.0).
The waste output and coordinate value are shown in Table 1.

The layout of the waste collection stations shows that the distribution of waste col-
lection stations is uneven, and the waste collection stations are dense in some areas. For
example, for Nanweilu, Xiannongtan, and Yaowu, the longest distance between them is
only 696 m, and the waste collection volume of Yaowu and Xiannongtan is only 3 tons.
This violates the construction requirements of the collection stations. Therefore, the waste
collection stations in Xuanwu District have been filtrated. Additionally, 8 waste collection
stations with 3 tons maximum capacity were eliminated; they are Yaowu, Xiannongtan,
Gongyun, Kangleli, Jianxue, Wuyuan, Yinchaochang, and Sanyili.

(2) The basic data of vehicles

At present, there are 22 vehicles in the Majialou transfer center, including 18 vehicles
with a load of 3 tons and 4 waste compression vehicles with a load of 6.1 tons. Considering
the amount of waste, and the professional development of waste transportation, we assume
that the 4 waste compression vehicles with the load of 6.1 tons are responsible for the
transportation of incinerable waste.

(3) The basic data of working time

The waste collection stations and the vehicles both start working at 5:30 in the morn-
ing. Additionally, the vehicles need to complete the transportation of all waste in the
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collection stations before 13:30 in the afternoon. It is assumed that the loading time of
waste compression vehicles is 20 min, 0.33 h. Additionally, the speed of the vehicles is
30 km per hour.

Table 1. The basic data of collection stations and waste output.

Number Name
X Position

(m)
Y Position

(m)

The Amount
of Kitchen
Waste (Kg)

The Amount
of Incinerable

Waste (Kg)

The Amount of
Recyclable
Waste (Kg)

The Maximum
Capacity of
Collection

Station (Kg)

1 Meishijie 7659 6925 12,685 7436 4180 27,000
2 Liuxuelu 7536 6233 5638 3305 1858 12,000
3 Dongli 5288 7309 2819 1652 929 6000
4 Luomashi 5688 6193 5638 3305 1858 12,000
5 Beiweilu 7581 5590 4228 2479 1393 9000
6 Nanweilu 7236 5227 7047 4131 2322 15,000
7 Yaowu 7714 4951 1409 826 464 3000
8 Xiannongtan 7692 4624 1409 826 464 3000
9 Gongyun 6022 4356 1409 826 464 3000
10 Ximeng 5533 4298 5638 3305 1858 12,000
11 Houbalou 4620 7183 7047 4131 2322 15,000
12 Kangleli 4564 6677 1409 826 464 3000
13 Jianxue 4776 6408 1409 826 464 3000
14 Jiaozi 4497 5993 4228 2479 1393 9000
15 Chunfeng 4419 5606 4228 2479 1393 9000
16 Ganhua 4163 6644 4228 2479 1393 9000
17 Deyuan 3373 6020 4228 2479 1393 9000
18 Huaibaishu 3195 6782 4228 2479 1393 9000
19 Wuyuan 2672 6700 1409 826 464 3000
20 Daguanyuan 2983 4723 8456 4957 2786 18,000
21 Yinchaochang 3162 4392 1409 826 464 3000
22 Yijian 3662 4103 4228 2479 1393 9000
23 Shoupakou 1759 6588 9866 5783 3251 21,000
24 Baicaiwan 2315 5813 7047 4131 2322 15,000
25 Jingtie 1770 5387 4228 2479 1393 9000
26 Xiaohongmiao 1369 5364 7047 4131 2322 15,000
27 Honglian 868 5677 7047 4131 2322 15,000
28 Maliandao 546 5845 7047 4131 2322 15,000
29 Sanyili 323 6058 1409 826 464 3000
30 Chama 0 5036 4228 2479 1393 9000

31
Majialou
transfer
center

2661 0 – – – –

5. Results and Discussion

The supply chain of incinerable waste under the classification is redesigned. Based
on the data of Xuanwu District, a supply chain redesign case is given, which provides a
reference for supply chain redesign in other places.

5.1. The Function Allocated Result of Collection Stations

In order to sort collection and transportation waste, 22 eligible collection stations in
Xuanwu District were analyzed. Due to limited data, the 30 waste collection stations are
used to simulate the distribution of waste generation sources in Xuanwu District. The
function allocation model with the goal of minimum waste transportation volume and
transportation distance is established. Incinerable waste accounts for 30.6% of the total
output of waste, so the number of incinerable waste collection stations should be 6.44.
Rounding up the number of collection stations, the number of incinerable waste collection
stations is set at 7. This paper uses Lingo 11 software to solve the function allocation model.
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After the function allocation, the waste that can be used for incinerating power
generation in Xuanwu District only needs 7 waste collection stations to gather. They
are Chunfeng, Huaibaishu, Yijian, Baicaiwan, Xiaohongmiao, Nanweilu, and Maliandao
collection station. The specific results are shown in Table 2. The distribution of incinerable
waste collection stations is shown in Figure 5, and the collection stations with purple are
incinerable waste collection stations.

Table 2. The location and inventory of incinerable waste collection stations.

Number Name
X Position

(m)
Y Position

(m)

The Maximum Capacity of
Collection Station

(Kg)

The Volume of Incinerable
Waste
(Kg)

1 Chunfeng 4419 5606 9000 8689
2 Huaibaishu 3195 6782 9000 8689
3 Yijian 3662 4103 9000 8689
4 Baicaiwan 2315 5813 15,000 14,482
5 Xiaohongmiao 1369 5364 15,000 14,482
6 Nanweilu 7236 5227 15,000 14,482
7 Maliandao 546 5845 15,000 14,482

0 Majialou
Transfer Center 2661 0 – –

Figure 5. The distribution of incinerable waste collection stations.

It should be noted that due to the function allocation of collection stations, the trans-
portation of waste in residential areas to collection stations has changed. As shown in the
dotted box in Figure 5, in the original MSW supply chain mode, the community of Chun-
feng only needs to transport all the waste to the nearest collection station Daguanyuan,
but in the new mode, it should transport the kitchen waste to the Daguanyuan collection
station and transport the incinerable garbage to Yijian collection station, which significantly
increased the waste transportation distance and workload from residential areas to the

130



Sustainability 2021, 13, 9855

collection station. Owing to shortages of waste production and transportation data in
residential areas, this paper cannot measure the change of waste transportation workload
from residential areas to collection stations.

The optimization model of the waste transportation path is carried out on the basis of
the distribution of incinerable waste collection stations. The Majialou transportation center
needs to complete the waste transportation in the seven collection stations.

5.2. The Results of Transportation Path Planning

To prevent mixed transportation and reduce the impact of collection stations on resi-
dents’ lives, the transportation path of incinerable waste has been studied. The destination
of waste transportation is the Majialou transfer center, and the transportation vehicle is
the waste compression truck with a load of 6.1 tons. The start and end of the waste truck
are both the Majialou transfer center. With the help of Matlab R2014b software, this paper
uses a particle swarm algorithm to solve the path planning model. The specific solution
processes are as follows.

(1) The dimensionless treatment of objective functions

Due to the different measurement units, the objective functions need to be processed.
In this paper, the extremum method was utilized to perform dimensionless processing.
First, under a single objective, the optimal value was calculated and used as a magni-
tude standard. Then, using the objective function values under multiple objectives, the
corresponding magnitude standard as the dimensionless values was divided.

(2) Model solution using particle swarm optimization

The particle swarm algorithm is a commonly used intelligent solution algorithm,
which has the advantages of fewer parameters and easier implementation. Combined with
previous research [45], the initialization parameters are set. This paper sets the range of
particle position as [0, 1] and the speed range as [−0.1, 0.1]; the population size is 200,
the number of iterations is 200, and the acceleration coefficient C1 and C2 both are 2; the
parameter inertia weight is 0.8 and 0.4. In order to improve the ability to seek optimization,
during the calculation process, the parameter inertia weight is adjusted from large to small.

The particle swarm algorithm relies on iterative learning to find the optimal solution
of the model. In iteration, the optimal solution of the model was determined by the optimal
value of the particle and the average value of the population. After solving the waste truck
transportation path model by particle swarm optimization, we obtained the value of the
average target and optimal target (Figure 6). The results show that after 20 times iteration,
the optimal transportation path scheme was found, and the vehicle’s transportation path is
shown in Table 3.

Since the amount of waste in one collection station is greater than the load of the waste
truck, the waste truck needs to go to the collection station several times. At the beginning
of waste transportation, waste trucks will be fully loaded by transporting waste in one
collection station. Additionally, then, waste trucks should collect waste in several stations
to achieve a full load. The waste trucks 1 and 4 both completed transportation four times,
and the waste trucks 2 and 3 completed transportation three times. The waste in collection
station 7 (Maliandao, the number of collection station is shown in Table 2) was finished
being first transported, and the waste storage time in collection station 7 is the shortest;
the waste in collection station 2 (Huaibaishu) was finished being transported last, and the
waste storage time in collection station 2 is the longest.
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Figure 6. The change of average target and optimal target.

Table 3. The path and time of vehicles.

Vehicles Name Path and Time

Truck 1
The number of collection station 0 5 0 5 0 3 0 3 1 2 0

Arrival time 5.5 6.02 6.83 7.35 8.17 8.49 9.11 9.43 9.8 10.12 10.79
Departure time 5.5 6.32 6.83 7.65 8.17 8.79 9.11 9.73 10.1 10.42 11.09

Truck 2
The number of collection station 0 4 0 6 0 7 0 – – – –

Arrival time 5.5 6.02 6.84 7.36 8.18 8.71 9.54 – – – –
Departure time 5.5 6.32 6.84 7.66 8.18 9.01 9.54 – – – –

Truck 3
The number of collection station 0 7 0 6 0 7 6 5 0 – –

Arrival time 5.5 6.03 6.85 7.37 8.19 8.72 9.03 9.34 10.16 – –
Departure time 5.5 6.33 6.85 7.67 8.19 9.02 9.33 9.64 10.46 – –

Truck 4
The number of collection station 0 4 0 2 0 1 0 5 4 3 0

Arrival time 5.5 6.02 6.84 7.21 7.88 8.23 8.88 9.4 9.73 10.07 10.69
Departure time 5.5 6.32 6.84 7.51 7.88 8.53 8.88 9.7 10.03 10.37 10.99

5.3. Discussion of the Supply Chain Redesign Results

There is an inevitable requirement for sustainable development of cities that decrement
harmless and resources for waste treatment. In China, waste treatment has become a major
issue in the sustainable development of cities, either large cities or small towns. Based
on the present situation that mixed transportation seriously affects the waste classified
disposal and sorted collection effect, this paper redesigns the waste supply chain to improve
the waste treatment effect. In collection processing, the redesigned waste supply chain
can supervise the waste classification effect, which is conducive to evaluating the waste
classification effect of each enterprise, public institution, and community. In transportation
processing, it can effectively avoid waste mixed transportation, reduce mutual pollution
between waste, and solve the problem of false waste classification. Additionally, in disposal
processing, it is helpful to improve the final disposal effect of waste and solve the problem
caused by excessive impurities [46].

To achieve sustainable development, Beijing, Shanghai, and many other cities have
issued strict waste classification policies, hoping to improve the level of classification
of waste collected. However, mixed transportation mixes the classified collected waste
together, which makes the front-end of the waste supply chain classified collection invalid
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and seriously affects the waste disposal effect of the supply chain back-end. Based on the
existing infrastructure, this paper redesigns the sorting waste collection–transportation–
disposal supply chain and allocates the function of the waste collection station, making
the waste collection station only collect and transport one type of waste. Compared with
the original waste supply chain mode, the new waste supply chain mode proposed in this
paper can provide corresponding supporting facilities for the waste classification policy.
The improvement of the waste supply chain can ensure the effect of the waste classification
policy and promote the implementation of the waste classification policy.

In addition, the waste supply chain proposed in this paper is contributed to promote
the waste transportation infrastructure upgrades. The waste classified collection and
transportation is conducive to maximizing the advantages of professional waste removal
facilities, improving the waste removal efficiency. In waste transportation, with the goal
of optimal transportation distance and impact of the collection station on surrounding
residents, this paper studies the path planning under the waste classification. Affected
by the waste transportation facilities situation, the trucks actually used in transportation
fail to fully meet the professional standards of trucks used in this paper. Therefore, it
is impossible to quantitatively calculate the improved benefits of waste transportation.
Combined with the specialization requirements of waste removal and treatment, the waste
trucks will be more specialized in the future.

It should be noted that the waste supply chain mode proposed in this paper may
increase the workload of transporting waste from residential areas to collection stations
and augment the specialized equipment for waste transportation. In the original model, the
waste in one community only needs to be transported to one collection station. However,
in the redesigned waste supply chain, the waste in one community needs to be transported
to the corresponding sorting collection stations, which will increase the transport distance.
Due to the lack of residential areas’ waste production data, it is impossible to specifically
measure the increased workload of waste transportation from residential areas to collection
stations. Additionally, because the redesigned supply chain has not yet been applied, it is
impossible to concretely measure the improved ecological footprint or carbon emission
in waste disposal. However, considering the situation that the social health cost of waste
incineration is 764 yuan/ton, accounting for 70% of the waste incineration cost, which is
close to the total cost of waste collection cost in residential areas and waste transportation
costs from residential areas to the collection station [1], it is feasible to improve the effec-
tiveness of waste incineration by optimizing the collection and transportation mode since,
in long-term operational effects, the redesigned supply chain will play a positive role in
the sustainable development of cities.

6. Conclusions

In China, mixed transportation is still the main mode of waste transportation, which
mixes the sorted waste, seriously affecting the waste disposal effect. It is the general trend
for the waste treatment industry to replace waste mixed transportation with classified
transportation. Combined with the impact of waste collection stations on the surrounding
environment, this paper, with the goal of optimal economic benefits and minimum envi-
ronmental impact, has redesigned the supply chain of sorted waste. Based on the data of
Xuanwu District in Beijing, an application case of the design model is given.

In general, the method proposed in this paper fully considered the existing waste
treatment facilities, which are applicable to most cities in China. However, the model in
this paper still has deficiencies, and the following questions are proposed for subsequent
related research.

(1) When allocating the functions of waste collection stations, this paper only considers
the transportation volume and collection station capacity and does not consider the
environment around the collection station and the residents’ attitude. Because of the
limited data, in the function allocation model, we only use 30 waste collection stations
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simulating the waste generation sources. The actual waste generation sources are
more complicated.

(2) The production and composition of waste will vary with seasons and positions.
The composition of waste in residential areas and commercial areas is different. In
this paper, neither the function allocation model for waste collection stations nor
the transportation path planning model for waste trucks takes the changes of waste
production and composition into account. In the model actual application, the changes
in waste production and composition should be considered.
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Abstract: In Thailand, many municipalities lack the information to guide decision-making for
improving environmental performance. They need tools to systematize the collection and analysis
of data, and then to self-assess environmental performance to increase efficiency in environmental
management toward a sustainable city. The aim of this study is to develop a platform for self-
assessment of an environmental performance index. Nonthaburi municipality, Hat Yai municipality,
and Yasothon municipality were selected to study the work context for six indicators, viz., energy,
greenhouse gas, water, air, waste, and green area, which were important environmental problems.
The development of an online system called “EcoCitOpia” divides municipality assessment into
four parts: data collection, database creation, data analysis, and data display. The municipality can
use the system for the assessment of environmental performance and the creation of a separate
database based on indicators. The system can analyze the results and display them in the form of
radar graphs, line graphs, and tables for use in public communication that will lead to cooperation in
solving environmental problems at the policy level for urban development to meet the Sustainable
Development Goals.

Keywords: sustainable city; sustainable development; environmental performance; online plat-
form; municipalities

1. Introduction

The current environment crisis, whether it is climate change, lack of production
resources, waste crisis, lack of clean water, and air pollution, affects the world population
in terms of living and health. The impacts are not limited to one country but affect the whole
world. One of the causes of the current environmental crisis is the relentless economic
growth as a result of the exponential increase in the world population. The United Nations
stated that by 2050, 68% of the earth’s population is projected to be urban, which is about
14% more than in 2018 [1], leading to the increasing demand for resources while the
remaining resources are on the verge of disappearing. In addition, our world has been
using natural resources but, ultimately, there is a limit on economic growth that depends on
the natural costs of the world. Today, cities are responsible for over 78% of the global energy
consumption and over 60% of greenhouse gas (GHG) emissions, but less is known about
how they drive resource use and sustainability impacts [2]. Therefore, global community
cooperation in driving each country to set goals for sustainable urban development is
widely discussed nowadays. Thailand is one of the countries responding to the need
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for sustainable development; this can be seen from the 20-Year National Strategy (2018–
2037) [3], the main master plan for national development and the Sustainable Development
Goals (SDGs) [4]. This has led to the development of plans, requirements, and regulations,
including guidelines for all sectors in order to proceed in the same direction.

Sustainable development is the long-term development plan to fulfill the next gen-
eration’s needs through planning today. It is a notable notion worldwide, especially in
developing and emerging countries [5]. A sustainable city is a city that is designed taking
into consideration environmental impacts, inhabited by people dedicated to minimization
of required inputs of energy, water, and food, and waste outputs of heat, air pollution,
CO2, methane, and water pollution [6]. The environmental indicators have become a
fundamental tool in environmental assessment at detailed local, regional, and national
levels [7]. They are cost-effective and powerful tools for tracking environmental progress
and measuring environmental performance [8]. Various indicators have been used to create
a “sustainable city” index by some institutions in Thailand and other countries. Most
of the monitoring tools are based on a set of indicators, with the intention to assess the
performance of local governments, identify actions for sustainable urban development,
and review the challenges facing sustainable urban development. The use of indicators
to emphasize the relevance of environmental data has many advantages [9]. The set of
indicators on which the tools base their evaluation usually encompasses between 10 and
30 indicators. These can be either qualitative or quantitative and are inspired or derived
from a number of sources [10]. For example, the Urban Ecosystem Europe (UEE) tool is
the result of collaboration between DEXIA, an international banking group, and Ambiente
Italia, a research consultancy and creator of the tool [6,10]. The UEE assessment is based on
a questionnaire comprising 25 indicators [6,10]. European Green City Index (EGCI) is an
indicator developed by The Economist Intelligence Unit (EIU) in collaboration with Siemens.
The study indicators are divided into eight categories consisting of CO2, energy, buildings,
transport, waste and land use, water, air quality, and environmental governance [11–15]. In
Thailand, the Office of Natural Resources and Environmental Policy and Planning (ONEP)
proposed the implementation frameworks of the eco-city development of the indicators
under the project to drive development, according to the concept of an eco-city model for
sustainable urban and rural environmental management. The project defined eighteen
indicators for evaluating the eco-city.

In this age of information, sustainable urban development will involve a lot of data
and a variety of data formats. Previously, the data were of a certain form and were sourced
only from the system within the department; but nowadays, data sources come from many
different organizations and forms, including social media, which are becoming increasingly
more important, with new data generated every millisecond. The current volume of data
and information collected, stored, shared, and used in urban agglomerations is almost
unlimited [16]. Therefore, the most important part of city management at the present time
is information; the executive decisions should be based on reliable information. Currently,
however, according to the municipal administration of Thailand, sufficient qualitative and
quantitative data have not been collected for use in environmental management. Most
municipalities collect environmental data qualitatively rather than quantitatively; therefore,
troubleshooting or development may not be able to measure performance properly. For this
reason, three issues were raised that led to this study. First, the leaders make environmental
management decisions by using the information or the thoughts of one person. In fact, this
choice is based on the fact that key strategic decisions on sustainability-related issues are
mostly made on an upper management level [17]; second, in the age when information is
vital to environmental management, how many municipalities are using the information to
resolve the problem; and last, if the municipality does not have information now, how can
they manage the environment effectively?

In Thailand, the municipality is an organization responsible for various functional
contexts. The data are stored separately by the department in the form of hard or soft
copy. In terms of operation, this often causes data problems such as lost data, missing data,
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retrospective data collection taking a long time, and no information management system
supporting the use on demand. With a systematic storage database, users can share work-
related information without duplication of information and avoid data conflicts, including
data that are accurate, reliable and with a standardized collection system. It is important
to develop the data to be appropriate and consistent with the municipality’s use. Part of
the problem that arises is that the ministries, departments, or offices have duplicated data
requests or duplicated assessing of the municipality operational efficiency. This may cause
the municipality to gather the same data several times, and if there are new indicators,
there may be problems such as having no data for reporting or assessing. Based on the
municipality’s obligations, the data are used in two forms of assessment: (1) a mandatory
assessment based on the obligations, such as a local performance assessment (LPA) with
the Department of Local Administration (DLA) [18], and (2) a voluntary assessment of
the project participation, such as carbon footprint assessment of the organization with the
Thailand Greenhouse Gas Management Organization (TGO).

The challenge of this study is when the municipality is an organization that must
be assessed with environmental indicators. Many indicators share the same data set but
are displayed in different units. The current reality in gathering the municipal data is to
collect on demand, and sometimes the work is repetitive, which wastes time to gather the
same data while using reports from different departments. Therefore, creating a municipal
information management system with a data platform can support both the organization’s
internal and external data and create a central data storage system that can be used in the
formulation of policies, plans, and activities for urban development and assessment of the
efficiency of the municipality’s environmental performance.

According to the municipality’s mission, it is important to use information or analysis
results to communicate with the public in order to achieve understanding, awareness,
warning, and prevention, resulting in cooperation driven by the same goal. If every munic-
ipality in Thailand has an established database, a national database can be created that will
be greatly useful in the development of the country. Therefore, the objective of this study
was to study a platform for a self-assessment environmental performance index called
EcoCitOpia. The platform is a tool to determine a city’s progress toward sustainability and
to indicate how the decision maker can improve the state of sustainability in municipalities.

2. Materials and Methods

The municipal environmental performance assessment allows the municipality to
measure its own performance. Moreover, the development of the environmental data
collection platform will enable municipalities to manage the information more efficiently.
Therefore, the efficiency assessment and data collection platform needs to be flexible and
suitable for the municipal work system in Thailand, since the aim is to develop a city
based on accurate and reliable information. If the municipality has good information on
the management, it may be beneficial in many areas, such as cost-effective budgeting,
increasing the productivity of employees in the organization, being able to measuring
before and after performance, and providing information for decision-making. The concept
of this study is presented in Figure 1.

2.1. Study Municipality

In this study, a few municipalities were selected to study the municipal work system,
and to develop a performance evaluation model and a data collection platform that can be
applied to all municipalities in Thailand. The selected municipalities were chosen from
those that volunteered to participate, because the data collection must be authorized by
the mayor and the team set for providing information. Currently, Thailand has a total
of 7850 municipalities [19], but in this study, three municipalities with different topogra-
phies, policies, and working processes were selected, as shown in Figure 2: Nonthaburi
municipality, Hat Yai municipality, and Yasothon municipality.
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Figure 1. Concepts for the selection of indicators and assessment of environmental performance.

Figure 2. The three municipalities in this study.
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Nonthaburi is a large municipality located in the district of Mueang Nonthaburi,
Nonthaburi Province. There are over 250,000 people within the municipality, making
it the most populous municipality in Thailand because it is located in a suburb that
has a border with Bangkok and is part of the Bangkok metropolitan region. It has an
administrative boundary of 38.9 square kilometers [20]. There are four important aspects of
operating policies for sustainable urban development on the environment: (1) solid waste
management, (2) sewage management, (3) wastewater management, and (4) environmental
quality monitoring with the goal to promote and support the environment, health and safety
of the community by acting regarding the safety, occupational health, and environment
for a sustainable and balanced development. The important environmental problems are
(1) the solid waste management problem, because the amount of solid waste tends to
be higher; (2) problems in wastewater management, where the quality of water in the
municipality’s canal and river are currently deteriorated, and (3) air pollution management
problems where the amount of dust particles is up to 2.5 microns, which is higher than the
standard in winter. Nonthaburi is a municipality that is ready for information requests and
personnel. There are both public and private departments to provide information such as
electricity consumption data from the Metropolitan Electricity Authority, water usage data
from the Metropolitan Waterworks Authority, and data on the amount of solid waste from
the Nonthaburi Provincial Administrative Organization.

Hat Yai, regarded as the largest city in the south, is a municipality located in Hat
Yai district, Songkhla province. It is an important economic, commercial, and transporta-
tion center of the south and is the third most populous municipality in Thailand, after
Nonthaburi and Pakkred municipalities. With an administrative area of 21 square kilo-
meters covering the entire Hat Yai sub-district area, it has a population of more than
150,000 people [21]. There is an action plan called “Green City” for 2017–2027 proposing
(1) a garden city aiming to explore, maintain, and develop green spaces; (2) a city of waste
minimization focusing on solid waste management, wastewater management, and air
pollution management; (3) a city of energy efficiency consisting of energy for transport by
supporting monorail construction, promoting the use of bicycles, and, on the electric power
side, promoting the use of renewable energy and increasing energy efficiency use; (4) a city
with sustainable consumption and tourism by encouraging households to implement the
sufficiency economy guideline and establishing the environmental division; and (5) a city
with flood resilience. In terms of environmental problems, these include (1) the amount
of solid waste that tends to be higher, (2) at least 20% of wastewater that has not been
treated in the treatment system because the collection system is clogged and the wastewater
smuggling of many establishments affects water quality in the canals, (3) air quality that
was found to exceed the standard, caused by the denser traffic within the city, (4) urban
green areas and relaxation areas which are inadequate for the population.

At present, Hat Yai has an ongoing environment policy. Therefore, it is well prepared in
terms of executives, teams, and information, including having a good understanding of how
to utilize the environmental database, since it is a municipality that focuses on measuring
performance through project participation. Hat Yai is also aware of the limitations of data
storage in traditional working models, being a municipality with a clear goal to become a
city with environmental operations under sustainable urban development guidelines.

Yasothon is a municipality in Mueang Yasothon District, Yasothon Province, with
an area of 9.7 square kilometers, covering the entire Nai-Mueang sub-district, and with
a population of more than 20,000 people [22]. A sustainable urban development policy
and plan were established in the development strategy and approach to Yasothon city
development outlined in the 4-Year Local Development Plan (2018–2021). It has been im-
plemented through projects such as the carbon footprint project in Yasothon, the beautiful
front yard project, the garbage bank project, the green road project, the global warming
problem-solving project, and the green office project. The most important environmental
problems are related to solid waste management, energy management in the road transport
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sector that primarily uses fossil fuels, the public transportation system that does not cover
the administrative area, and the use of electric power that has increased.

For Yasothon, there is environmental action and the results are measured through
participation in activities such as Thai municipalities caring for global warming, and
the ASEAN awards for sustainable environment cities. The executives and staff are also
well prepared and experienced in establishing an environmental database and recognizing
problems in gathering the data; the comments and suggestions from work can be excellently
applied for developing online databases to carry out this research.

Therefore, all three municipalities have the potential of executive, personnel, and
cooperation from data owners. The experience of these three municipalities can be trans-
formed into establishing an online database that is suitable and flexible to use, and there
are concrete benefits for the municipality in the management of the information of the
city. It can also be a municipality model that will establish the best practice for other
municipalities to learn from.

2.2. Selection of Indicators

Sustainability indicators are increasingly recognized as a useful tool to provide policy
information in support of the environment [23]. Thus, several approaches have been de-
veloped to assess environmental performance based on indicators. For example, the UEE
tool, which is based on a questionnaire comprising 25 indicators [6]; the EGCI compris-
ing 17 quantitative indicators; the European Green Capital Award (EGCA) with a set of
12 environmental indicators [6,14]; the Sustainable Cities Index (SCI) exploring the three
demands of People, Planet and Profit to develop an indicative ranking of 50 of the world’s
leading cities [24]; the Sustainable Development Goals (SDGs), which are a set of 17 goals
designed to lead global development [25]; the ASEAN Environmentally Sustainable City
Award (AESCA) program focused on indicators for clean air, clean land, and clean wa-
ter [26]; the environmentally sustainable city assessment (ESC) guide developed for urban
development according to the livable city [27]; and the Eco-city indicator for sustainable
development assessment consisting of 18 indicators [28].

The selection of indicators depends on the characteristics of the area under study [29].
The indicators should fulfill the following criteria: (1) they have either a direct or an indirect
linkage to city development; (2) they can manifest the diverse facets of sustainability
performance; and (3) the raw data for the indicator system is accessible and measurable [30].

Therefore, the selection of indicators in this study consisted of three steps. The first
step was the review of the environmental indicators of both Thai and foreign assessment
criteria to group the indicators and categorize the types of data that need to be collected for
use in assessing the results of each indicator, as shown in Table 1. Table 1 gives a review of
the nine criteria that were included in this study. For each included criterion, the report and
methodological background documents that were found on the website were studied. For
the next step, the indicators were selected by cluster analysis. This is a popular technique in
unsupervised learning, where the objective is to group the studied data in different clusters
according to the similarity of data characteristics [31]. The indicator must be classified as a
data type and the data must be associated with the contextual work of the municipality to
establish which department is the owner of the data, and what the format is for collecting
the data. The last step was the study of the quantitative data that need to be analyzed in
order to measure results in each of the indicators compared to each evaluation criterion
and consider sources of the data that are accessible for collection. However, the focus of
the selection of indicators in this study was data acquisition, which was the data that the
municipality had already collected or was able to collect according to the work context.
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Table 1. Review of environmental indicators of the nine criteria included in this study.

Criteria Initiator Spatial Scope Indicator Index Score Result

1. UEE [6] Ambiente Italia Europe/32

Air quality, Acoustic environment,
Water, Energy, Waste, Transport,

Green areas and land use,
Building, CO2, Health, Equity,

Education, Participation

0–100 Spider-web diagram

2. EGCI [6,14] EIU Europe/30
CO2, Energy, Building, Transport,

Water, Waste and land use,
Air quality

0–10 Spider-web diagram

3. EGCA [6,14] European
Commission Europe

Climate change, Local transport,
Green urban areas, Nature and

biodiversity, Air quality, Quality
of acoustic environment, Waste,

Water, Wastewater,
Eco-innovation, Energy,

Environmental management

0–100 Spider-web diagram

4. SCI [25] Arcadis World

Green spaces, Energy, Air
pollution, Greenhouse gas

emissions, Waste management,
Drinking water

0–100 Spider-web diagram

5. SDGs (6, 7, 11,
12, 13, 16) [26,27] United Nations World

Water, Wastewater, Energy,
Building, Transport, Air quality,
Waste, Green areas and land use,

Education, Equity, Safety,
Health, Participation

0–100 Spider-web diagram

6. AESCA [28] ASEAN ASEAN Clean air, Clean land, and
Clean water 0–100 N/A

7. LPA (Section 4)
[29] DLA Thailand CO2, Water, Waste, Air, Energy,

Green areas 0, 1, 3, 5 N/A

8. ESC [30] DEQP Thailand Water, Air, Energy, Wastewater,
Waste, Green areas 0, 1, 3, 5 N/A

9. Eco-City [31] ONEP Thailand Water, Energy, Wastewater, Waste,
Air, Green areas 0, 1, 3, 5 N/A

According to the study of environmental indicators, the same and different indicators
were available depending on the principle of each criterion. In this regard, if the criteria
were related to municipal operations, each assessment criterion could be classified in order
to classify the groups of indicators, such as greenhouse gas, energy, water and sanitation,
solid waste, air quality, transportation, green space, and land use. The results from the sub-
criteria in the assessment to group the indicators showed the details of the measurement
results of each criterion. This made it possible to separate the types of data in terms of
quantities that needed to be collected for the calculation of the indicator index, including
classifying the sources of information. The criteria used in this study were LPA, Eco-city,
sustainable environmental cities, and SDGs, which were related to municipalities based on
their obligations.

2.3. The Assassessment of the Environmental Performance

Environmental performance assessment started from reviewing the criteria for assess-
ing environmental performance both in Thailand and abroad that were relevant to the
operation of the municipality in order to learn the details, such as assessment form, criteria
used in the assessment, scoring criteria, and the demonstration of the result. The results of
the review were based on the principle of gap analysis to analyze the existing evaluation
criteria, whether not the environmental dimensions linked to the working context of the
municipality should be considered. The goal of the performance assessment was to let
the municipality know its own working status and raise awareness of the importance of
developing an environmental database with relevance, completeness, consistency, accuracy,
and transparency.
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2.4. The EcoCitOpia Platform

The development covered performance assessment, establishing a database, data
analysis, and demonstrating the result to be utilized, which the system design considered
to be the type of user, such as the user group, each group pattern of entry, and the level of
access to the user’s information, as well as the security of the information. In this study,
we developed an online platform by considering the connections to existing data storage
formats that were already in the municipal works, and achieving a modification of the
traditional data storage format used for paper or computer data storage. This process
involved changing to a new form of data storage by storing in online databases to order to
fix data loss problems or difficulty in searching for data when there was a need. The details
of each part are as follows.

2.4.1. The Collection of the Data

The study found that primary data and secondary data used in the evaluation of
environmental information were either from within the organization or outside the orga-
nization, so the data collection model concept was a flexible online platform compatible
with municipal data collection formats, which may have different follow-up data col-
lection formats. The information collected should be comprehensive for use in various
dimensions, such as the management of the city, the measurement of results of projects
or activities, and the use of information for funding requests from the different funding
sources. Therefore, data types, analysis method, and the method of each selected indicator
result demonstration were examined in establishing an online storage platform

2.4.2. Database

The data collected through the online platforms were stored in a separate database of
each indicator to facilitate the use or analysis of the data. The data stored in the database
were stored according to the calendar year, separately by month.

2.4.3. Data Analysis

Most indicator data were queried in terms of ratio, percentage, increase or decrease
value. Therefore, the data analysis model utilized a format that could be used to create
equations, ratios, and percentages.

2.4.4. The Demonstration of the Result for Utilization

Currently, in the age of information, the focus is to utilize information. In this study,
the result demonstration model supported municipal uses such as radar graphs, was easy
to understand, and could be summarized in a single image, such as a linear graph for
viewing data trends useful in policy management to visualize the trends of the tracked
data and to show the results in the form of a table.

3. Results

3.1. Environmental Indicators

The results of classifying the categories of environment indicators are shown in Table 2.
These indicators allowed assessing the environmental performance of municipalities in six
categories: Greenhouse gases, Energy, Water, Air quality, Waste, and Green area, which were
analyzed in the criteria in both Thailand and abroad. The municipalities can effectively collect
data according to their work context to be utilized in the city’s environmental management.
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Table 2. The result of classifying categories of environment indicators for municipalities.

Criteria
Category 1

C E WSS SW AQ GL

LPA � � � � � �
ESC � � � � � �

AESCA � � � �
Eco-city � � � � � �

SDGs � � � �
1 C = Greenhouse gases, E = Energy, WSS = Water supply and sanitation, SW = Solid waste, A = Air quality,
GL = Green area and land use.

However, when studying the details of indicators in each category, it was found
that even though they were the same indicators, they had different descriptions of the
data used to measure the results. For example, for the indicators of air quality, LPA was
measured as the amount of activity that the municipality undertakes to manage the air
quality, while the Eco-city considered the number of days in one year with pollutants in the
air that exceeded the standard. According to the foreign criteria, EGCI tracked air quality
measurements of nitrogen dioxide (NO2), ozone (O3), and sulfur dioxide (SO2) in micro-
grams per cubic meter compared to the European standard. The EGCA criteria considered
particulate matter size up to 2.5 and 10 microns (PM2.5/PM10) and nitrogen dioxide (NO2).
Therefore, a data acquisition platform needed to be flexible for municipalities to use in
assessing environmental performance according the indicators of each criterion. Table 3
lists the categories and indicators of the data to be collected that were relevant to a data
acquisition platform.

Table 3. List of categories and indicators.

Category Indicator Description

Energy Electricity consumption Total annual electricity consumption, in kilowatt-hour
(kWh) per capita.

CO2 CO2 emissions Total annual greenhouse gas emissions, in tonnes per capita.

Water Water consumption Total annual water consumption, in cubic meters (m3)
per capita.

Wastewater treatment Percentage of households connected to the sewage system.

Wastewater management efficiency Percentage of the total annual amount of wastewater
entering the treatment system.

Wastewater treatment system efficiency Quality of treated wastewater in milligram per liter (mg/L).

Waste Municipal waste production Total annual municipal waste collected, in kilogram (kg)
per capita.

Municipal waste recycling Percentage of municipal waste recycled.

Air Air quality Annual daily mean of CO, NO2, O3, SO2, Pb, PM10, and
PM2.5 emissions in microgram per cubic meters (μg/m3).

Green area Green area Green area, in square meters per capita.

3.2. The Environmental Performance

The results from gap analysis showed that municipal work had various criteria to
measure results in environmental dimensions, either in the form of duty criteria, such as
the LPA, where municipalities were assessed annually, or the criteria that were based on
voluntary actions to challenge the municipality’s performance, such as the sustainable
environmental city assessment or the ASEAN Environmentally Sustainable City Award.
At present, the evaluation criteria have started to use more quantitative measurements,
and this makes it difficult for municipalities to gather information to be used in measuring
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results. Therefore, the study found that, currently, there is a lack of performance assessment
criteria for municipalities that let the municipality know what their state of operations is
at the moment, when compared to each of the criteria. It should also be a simple form of
assessment that does not require a large amount of data to be assessed. This study used
“Yes or No” questions to assess the performance of each indicator. The six criteria used
to reference were LPA, CES, AESCA, SDGs and Advance. The Advance criterion was set
specifically for this study, which assessed the municipality data collection continuously
and classified the data according to the sources. The basis of this study was to evaluate
the efficacy of quantitative data for evaluation in Advance, such as using data for various
simulations or predicting trends. The scoring method ‘Yes’ was equal to 1 point, ‘No’ was
equal to 0 points. The answers were calculated and shown in the percentage of answers
compared to total answers. The score criteria used in assessing performance are shown in
the Table 4.

Table 4. Scoring criteria for assessing performance in each of the indicators.

Indicators
Score

Total
LPA Eco-city CES AESCA SDGs Advance

Energy 6 5 13 - 6 6 36
CO2 5 7 16 - 6 7 41

Waste 8 9 12 6 9 12 56
Water 7 6 10 5 6 8 42

Air 3 2 11 - 3 10 29
Green space 2 4 3 2 3 2 16

3.3. Self-Assessment Environmental Performance Index on EcoCitOpia Platform

The EcoCitOpia platform is an online form available at “http://www.ecocitopia.org
(accessed on 19 April 2021)”. A working system is shown in Figure 3. As a result of the
study of the three model municipalities, it was adapted to be a flexible platform suitable for
municipalities of Thailand. The EcoCitOpia platform divides a system into two parts: the
first part is the environmental performance assessment beginning with the municipalities
answering questions on each of the indicators to assess the score. The system processes
the answers and compares them with the criteria from Table 4 to show the results of the
performance assessment for each of the indicators. The results of the municipal assessment
can be utilized in municipal work and the information can be released to the public, aiming
to create cooperation in solving environmental problems. When the municipalities know
their state of work, ‘Yes’ means to continue and make it better, but ‘No’ means it should be
improved to ‘Yes’, which would allow municipalities to develop procedures to make their
work more efficient.

Figure 4 shows the results of the performance assessment compared to the assessment
criteria of the three municipalities for each of the indicators in the base year 2019. LPA,
which is a fundamental criterion that all municipalities in Thailand must assess annually, is
based on the assessment results in terms of energy, water, air and green space, and the three
municipalities had an operational performance equal to 100%. Other criteria, assessed by
the municipalities voluntarily, found that the reference performance in each of the three
municipalities had a value greater than 50%. However, if the results were taken separately
for each indicator, they would have the lowest GHG performance compared to Hat Yai and
Nonthaburi, except for LPA, with an 80% rating equal to Hat Yai. The air problem was a
major one for Hat Yai, especially for PM2.5. As a result, Hat Yai is equipped with real time
monitoring and measurement sensors, causing it to have a more operational performance
than the other two municipalities.
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Figure 3. The operating system of EcoCitOpia platform.

In terms of the waste indicator, Yasothon was the municipality with the best perfor-
mance with an assessment of 100% in all criteria, except for Advance, which was 91.67%,
because they did not have plans to gather waste data based on their sources of waste such
as residential, commercial business, and industrial sources. As for the water indicators, Hat
Yai and Yasothon had the same performance assessments across all criteria; Nonthaburi
had the same performance assessments as Hat Yai and Yasothon, except for AESCA, which
was 80%, less than the other two for which the assessment results were 100%. The Hat Yai
and Nonthaburi green space indicators had an operational performance of 100% across
all evaluation criteria. For Yasothon, the assessment results were the least because it col-
lected fewer data on green spaces, resulting in it having less performance than the other
two municipalities.

Considering the overall performance assessment shown in Figure 5, it was found that
the three municipalities had policies and operations that emphasized the environment
continuously in accordance with their own context and duties. The municipality with the
best performance was Hat Yai. The result of Nonthaburi’s greenhouse gas assessment
was 41.46%, less than Yasothon and Nonthaburi, which were 87.80 and 78.05%, respec-
tively. Nonthaburi started its greenhouse gas action policy in 2017, while Hat Yai and
Yasothon have been operating since 2012 and 2013, respectively, so its readiness in policies,
setting goals, and operating activities to reduce greenhouse gas emissions, including the
preparation of the greenhouse gas database, was only one year old.
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(a) Energy (b)GHGs

(c) Air (d)Waste

(e)Water (f)Green Land

Figure 4. Results of all 6 indicators of environmental performance assessment for the 3 municipalities.
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(a) Hat Yai (b) Nonthaburi 

 
(c) Yasothon 

Figure 5. The results of the environmental performance assessment of 3 municipalities.

As for the air indicators, Hat Yai had the highest score at 86.21%, while Nonthaburi
and Yasothon were equal at 68.97%. The green area score was the lowest at 31.25% for
Yasothon, as it had less operational performance than the other two because there was no
continuous database to be used effectively in a policy or plan.

The results of the assessment of performance from this study helped the municipalities
to know their current state of performance, which could lead to consistent policies and plans
and increase their operational efficiency in every indicator. This may lead to improvements
in the municipality’s procedures to be more efficient, and it reflects the importance of
establishing a quantitative environmental database that can measure the performance.

For creating a database, data were divided into organizational level and city level. The
organizational-level data were intended for the municipalities to use to manage data within
the organization. The city-level data were intended for use in policy-level data management
for further development of the city. The working system shown in Figure 6 was divided
into four parts. The first part was the data collection platform, which included two parts:
the first was the basic municipal information, such as population, number of households,
and the municipal administrative area, and the second part to collect data on each indicator,
such as the consumption of electricity, water consumption, and amount of waste. The data
were stored in a database classified by indicators, to be used for data analysis such as the
rate of electricity consumption per capita or the rate of water consumption per capita. The
data obtained from the analysis can be displayed in the form of a line graph and a table,
separated by yearly data.
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Figure 6. The database system for the EcoCitOpia platform.

4. Discussion

Environmental databases can be used to solve environmental problems if the munici-
palities have the information available according to the situation. The information should
be updated and have quality in both data collection and verification before it can be used
for policy planning, work plans, and action plans in various activities that will be limited
by people, budget, and duration. Good information allows the municipalities to make
precise decisions about the operation, including the use of information to request budget
funds for the development of the city in the work plan. The key to all these is having
available information. In the past, municipalities had several environmental operations
based on their work context, mostly qualitative measures. However, they may not have
been able to collect quantitative data that could lead to numerical measurements.

Starting from the energy indicator, electric consumption data from the database
allows the city to know the overall electricity consumption trends and classifications
such as housing, and small, medium, and large commercial businesses. If cities aim to
reduce electricity consumption, they may focus on increasing energy efficiency by using
various technologies and increasing the use of renewable energy. For greenhouse gas, the
emissions database provides the municipality with the knowledge of significant sources
of greenhouse gas emissions to define the policies, work plans, or activities that can
be used to reduce the amount of greenhouse gas emissions appropriately. In terms of
water, the management of wastewater is mainly focused on. However, when assessing
the environmental performance, it is concerned with water for consumption, including
not only the water supply system but also the natural water sources. Therefore, having a
comprehensive database will enable the city to manage all dimensions of water problems.
On the air side, tracking air quality data at different points in the city can be used for
public communication. This includes knowing activities or sources that cause air quality
problems, which will enable the city to monitor and resolve them promptly. For Hat Yai and
Nonthaburi municipalities, which have problems with PM2.5, continuous measurement
data are used in planning action guidelines to prepare for the crisis that will occur each
year. Whether or not it is a form of alarm to the public, if the sector information is known,
there may be the creation of safe zones in office buildings, schools, and various sectors.
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The waste indicator is one that all municipalities are continually monitoring, but
the previous problem was that the information was scattered and the data reporting in
each section did not match. The database from this study allows the municipalities to
verify their own waste data to be accurate, usable, referenced, and corresponding. As a
result of the activities that the municipalities operate, if the data are collected continuously,
they can be used to measure results. For indicators of green spaces, most municipalities
only have information on the areas that are in the municipalities, such as parks, roads,
and road islands, but do not have information on the privately owned areas that can be
used for management. Therefore, establishing a comprehensive database by applying
modern technology such as GIS to help collect data can assist municipalities to increase the
work performance.

5. Conclusions

Local government organizations at the municipal level are essential for driving urban
development in order to support a policy in accordance with the concept of sustainable
urban development. It is important to develop a balance between economic, social, and
environmental aspects. In this study, emphasis is placed on the dimensions of the envi-
ronment and the working context of the municipality with the aim of the municipality to
be able to manage the environment well. Nowadays, however, most municipalities are
inefficient in collecting environmental data; therefore, solutions to environmental problems
sometimes lack information to make decisions. Although the municipalities have a wide
variety of local characteristics and limitations, tools or approaches are needed to develop
an efficient storage system in a flexible online platform. In the past, the format for storing
data would be paper-based or on computers that may have a data loss problem, including
scattered information that will be searched only when needed. As a result, the management
of the previous system may not use the information efficiently.

Therefore, this study aimed to (1) study a model for assessing the environmental
performance in accordance with the context and duty of municipalities, which is a simple
assessment system, and (2) create a platform to establish an environmental database for
municipalities to benefit from information management for sustainable urban development.
Pilot municipalities with different city characteristics were selected to study the environ-
mental dimensions according to the context and duties of the municipalities, current data
collection models, current environmental databases, to be compared with the reference
criteria that summarize the information that will be used to create the platform, whether
it is a data type, data collection process, source of information, data analysis or the form
of utilization. The platform will enable municipalities to collect data easily, conveniently,
quickly, and flexibly. Environmental data are usually collected from internal and external
sources of the municipality because the municipality is the center of information that relates
to all sectors, including government, business, commercial, and the public sector. Therefore,
the developed online platform can import data to be stored in a separate database sorted
by indicators. This information can be used by municipalities for analysis or processing in
decision-making or work.

Good or effective operations must be based on having good information that can be
used in the environmental management of a city in the age of information. Currently, there
are various criteria to measure the environmental performance of municipalities, whether
Thai or foreign, so the development of the Self-Assessment Environmental Performance
Index on EcoCitOpia platform will be a tool to improve the efficiency of information
management that will benefit the drive for sustainable urban development in the future.
However, experience also shows significant lags between the demand for environmental
indicators, the related conceptual work, and the actual capacity for mobilizing and validat-
ing underlying data. In the field of environmental statistics, differences among countries
may be considerable, and there may be a need to establish reliable and internationally
comparable data that calls for continuous monitoring, analysis, treatment, and checking.
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Abstract: The success of urban sustainability is very much dependent on a number of human factors.
Therefore, it becomes even more important to explore how people understand urban sustainability
and how they behave accordingly. Based on a formerly developed conceptual framework and on
specified influencing factors, this study aimed to evaluate and elucidate the urban sustainability
understanding and behavior of individuals in the city of Istanbul. This was assessed through the
use of a quantitative questionnaire survey of 535 respondents. Therein, socio-psychological pro-
cesses of sustainability understanding (i.e., determinants of awareness, perception, and attitude)
and sustainability behaviors along with personality traits and influential factors were assessed and
analyzed through the use of bivariate and multivariate methods (i.e., correlation tests, ANOVA,
t-tests, and multiple linear regression). The results showed that sustainability awareness was more
strongly correlated with attitude than perception, whereas behavior was found to be strongly corre-
lated with both awareness and attitude and was (significantly) predicted by all determinants. The
associations/influences of personality traits with determinants were found to be mostly insignificant.
Conversely, for behavior, they were significant. The most influential factors found (in hierarchical
ordering) were awareness of consequences, trust in society, social appraisement, world-mindedness,
willingness to pay, trust in science and technology, ascription of responsibility, age and gender.

Keywords: urban sustainability; sustainable behavior; sustainability understanding; awareness;
perception; attitude; pro-environmental behavior; influencing factors; Turkey; Istanbul

1. Introduction

Over the last 35 years, sustainability studies have featured prominently within research
agendas around the world. Starting with the Brundtland Report in 1987 [1], sustainability’s
prominence has increased with time. In its early approaches, it was understood as the
balance between nature and humans that provides continuous development [2]. Early
interpretations of sustainable development were defined by the three pillars approach,
which includes economic development, social equity, and environmental protection [3].

Sustainability in urban areas plays a critical role for sustainable development, since
the planet is facing critical challenges that have arisen as a result of unsustainable urban-
ization. These problems require precautions such as using natural resources efficiently
and balancing the human–nature relationship at both micro- and macro-levels. According
to the United Nations, by 2050, while the world population is expected to surpass nine
billion [4], urbanization rates are anticipated to reach 66% [5]. Therefore, urban living
areas emerge as one of the most critical elements of sustainability studies. In line with this,
the United Nations has addressed the importance of urban areas within the Sustainable
Development Goals (SDGs) under the heading of “Sustainable cities and communities” [6].

In line with the Sustainable Development Goals, Istanbul, being the largest city in
Turkey (with the population reaching 15.5 million by 2020) [7], aims to integrate sustain-
ability into its urbanization and development strategies [8,9]. This rapid urbanization,
together with a rapidly developing economy, has prompted Istanbul’s Urban Regeneration
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Law, commonly referred to as “Transformation of Areas Under the Disaster Risk” [10],
making sustainability even more prominent for the case of Turkey in the city of Istanbul.
Adopting development aspirations for 2023 in Istanbul [11], Istanbul’s master plan has
been redesigned according to 2023 goals, including new headings such as sustainable
urban development, spatial quality, sustainable transportation, sustainable environment,
and environmentally friendly energy [12]. Considering all of this, it is obvious that sus-
tainability is becoming a very prominent topic for Istanbul. However, the development of
sustainable behavior needs the support of local and central authorities in order that any
sustainability targets are met.

The overall success of sustainability policies within cities is subject to their acceptance
by the people who reside therein. Therefore, individual and social behaviors are of critical
importance for sustainable living areas. Moreover, combatting the global challenges is
immensely reliant on the sustainable practices of individuals. In light of this, it is of
prominent importance to study the sustainability understanding and behavior of people in
the urban context.

Numerous studies have attempted to explore pro-environmental or sustainable
behavior [13–17] from various perspectives such as ecological economics [18], environmen-
tal policy [13], household energy conservation [19], waste management [20], and climate
change [21]. However, earlier research has mainly adopted either environmental [22] or
psychological approaches [23]. On the other hand, a synthesized approach that puts
urban sustainability at the very core is required, and, more importantly, this approach
was adopted within the current research paper. Moreover, in a Turkish context, studies
within this field have, until recently, been relatively unobserved. While there are in-
creasing numbers of studies investigating sustainability from several perspectives, such as
transportation [24], climate change [25], energy [26], natural resources [27], and
urbanization [28,29], very few studies have concentrated on the understanding and behav-
iors of urban sustainability [30]. Therefore, this research aimed to fill an important gap
within the literature.

2. Methodology

2.1. Conceptual Approach

Based on the literature review conducted previously by Topal et al. [31], it was revealed
that the complexity of the urban sustainability behavior context required specification of
variables that influence sustainability understanding and behavior. Moreover, it was
necessary to specify the relationship between socio-psychological determinants of urban
behavior in order to evaluate and analyze the individual practices (a determinant is defined
herein as a factor that decisively affects the nature or outcome of something).

It is obvious that methodological approaches to sustainability assessment studies
require deliberate efforts. In this manner, Sharifi et al. [32] have described critical method-
ological shortcomings in sustainability assessment tools. Some of the critical ones are:

• Limitations and the lack of harmony about sustainability dimensions;
• Lack of lucidity and the dominance of top-down approaches;
• Insufficient consideration of context-sensitive subjects;
• Lack of flexibility in design stages;
• Lack of compliance among various methodologies; and
• The complexity of the instrument.

On the other hand, the importance of the balance of the complementary relationship
between nature-based recipes and urban-wilding approaches should be kept in mind and
needs to be considered in urban sustainability studies [33]. For instance, as stated by
Morano et al. [34], the inherent contradiction between the precedence of real estate devel-
opers and public authorities defines the natural limits of urban sustainability approaches.
While the former has mainly focused on profit maximization, the latter has prioritized the
quality of and livability within the city.
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Considering the above requirements, a novel conceptual framework was proposed in
Topal et al. [35] based on an in-depth literature search. A simplified version of the proposed
conceptual framework is shown in Figure 1, which outlines the multiple linkages between
awareness, perception, attitude, and behavior. Moreover, the associations between these
socio-psychological processes and a range of influencing factors and personality traits have
been specified [35].

 
Figure 1. Conceptual framework used in the study.

The development process of the conceptual framework consists of four stages, which
are presented in Figure 2. Topal et al. [31] provided a systematic review of the influ-
encing factors of urban sustainability behavior(s), fulfilling the requirements of stage 1.
Topal et al. [35] thereafter examined prominent environmental and sustainability behavior
theories (stage 2), investigated socio-psychological determinants of urban sustainability un-
derstanding and behavior (stage 3), and synthesized these findings into a newly developed
conceptual framework (stage 4), which has formed the basis for this current study.

 

Figure 2. Methodological stages of the conceptual framework development.

2.2. Research Aim and Objectives

The research aim was to develop a holistic approach to evaluate and elucidate the
urban sustainability understanding and behavior of individuals through the application of a
developed conceptual framework. In so doing the formation of sustainable urban behavior
through socio-psychological processes (i.e., determinants of awareness, perception, and
attitude) and the effect of influential factors and personality traits on urban sustainability
understanding and behavior were investigated.

In order to meet the research aim, the following objectives were defined:

• To assess the urban sustainability understanding and behavior of individuals, and
determine how they are related

• To analyze the relationship between this urban sustainability understanding and
behavior and both influencing factors and personality traits

• To develop policies that can improve urban sustainability understanding and the
behavior of individuals
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2.3. Methods
2.3.1. Study Location and Sample

The focus of the project was the sustainable behaviors of the people living in urban
areas; therefore, the two main elements were the urban built environment and people.
Accepting that sustainability is a highly local context-dependent subject [36], a specific
urban area has to be selected. Istanbul was chosen for this study since it is the largest city
in Turkey and well-known around the world.

Istanbul is located in the north-west of Turkey in the Marmara region. It had a
population of 15.5 million by 2020 [7], and consists of 39 counties. Given its logistically
advantageous geography, its strong history and the fact it hosts several crucial economic
activities, Istanbul is expected to reach a population of 17 billion by 2030 [6].

Following ethical approval from the University of Birmingham (reference number
ERN_19-0513A), 20 pilot questionnaire surveys were conducted with colleagues at The
University of Birmingham and colleagues who were resident in Istanbul. Based on the
results of and feedback from the pilot study, the final questionnaire was formulated and
administered between 1 December 2020 and 20 January 2021. The survey was undertaken
on all days of the week between early morning (7 a.m.) and late in the evening (9 p.m.),
in order to minimize sampling bias. Survey respondents were randomly selected from
various counties of Istanbul in order to best represent the socio-demographic distribution
of the population.

A professional survey company was employed to collect the data. Trained surveyors
were involved in the data collection process, armed with tablets to provide people with the
option to fill web-surveys. In total, 535 initial responses were obtained.

2.3.2. Measures

Quantitative data were obtained through a comprehensive questionnaire, mainly
using a five-point Likert scale [37]. The question wording was designed to be as concise as
possible, while the structure was designed to be understandable by grouping questions
according to the elements of the conceptual framework.

Respondents were presented with a cover letter, which gave a brief introduction about
the survey, and a participant information sheet, which presented the purpose of the study,
targeted audiences, confidentiality issues, and contact details. A short explanation of urban
sustainability and sustainable behavior was given at the beginning of the survey in order to
prevent any misunderstanding or misinterpretation of the terms. In total, the questionnaire
consisted of five sections:

1. General socio-demographic information (12 questions)
2. Understanding, i.e., determinants of awareness, perception, and attitudes (14 questions)
3. Behavior (18 questions)
4. Influencing factors (19 questions)
5. Personality traits (5 questions)

As stated earlier, the questions were based on the findings of an in-depth literature
review [31] and conceptual framework [35] created by the current authors. The details of
the questionnaire are given in Appendix A.

2.3.3. Data Analysis

All statistical analyses for the data collected from the questionnaire survey were
performed using Python 3.8 software. In all statistical analysis, α = 0.05 was used as the
significance level since it has become the most commonly used threshold by researchers [38].
Three stages of analysis have been conducted:

Firstly, in the preliminary analysis, descriptive statistics including frequency, mean,
standard deviation, and scale construction have been performed on each element of the
conceptual framework: determinants of understanding (i.e., awareness, perception, and
attitude), behavior, personality traits, and influencing factors.
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Secondly, bivariate analysis was conducted between the elements of the conceptual
framework. Thereafter, correlation tests, t-tests, and ANOVA tests were conducted.

In the third stage, multivariate analysis was carried out on the elements of the con-
ceptual framework. A series of multiple linear regression tests were performed on the
outcome variables specified in the framework.

3. Descriptive Analyses and Results

3.1. Understanding
3.1.1. Determinants of Understanding
Determinant 1: Awareness

Awareness was assessed by five different questions (Aw1 to Aw5). The fifth ques-
tion (Aw 5.1 to Aw 5.9) was about familiarity level and consisted of nine sub-questions
(Figure 3).

Figure 3. Awareness questions.

By looking at the results, it became apparent that while respondents tended to report
themselves knowledgeable about urban sustainability (Aw1) and they know how to behave
sustainably (Aw2), they admitted to having a lack of education or training on these issues
(Aw3). However, they reported also that they have read something about sustainable cities
in various news channels (Aw4), which is slightly contradictory. The answers to Aw1, Aw2,
and Aw4, therefore, appear to provide a coherent narrative, explaining that although there
are some opportunities for individuals to gain ideas about urban sustainability behavior
through media or via the internet, education or training opportunities are insufficient and
need improvement. The items in the fifth question (Aw5) present an important trend.
Regarding the first three items (Aw5.1 to 5.3), it is possible to deduce that people within
Turkey are relatively unfamiliar with more technical and global topics such as The United
Nations Sustainable Development Goals (Aw5.1) or the Kyoto Protocol (Aw5.2), but most
of them have heard about popular topics such as climate change (Aw5.3). However, it was
surprising to find that familiarity with the Kyoto Protocol was lacking, as it could also be
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viewed as a hot debate topic. When it comes to the last six items (Aw5.4 to 5.9), respondents
were asked to grade their familiarity level regarding the 11th Development Plan of the
Turkish Government (2019–2023) [11] (Aw5.4), Istanbul strategic plan [12] (Aw5.5), the
sustainable city concept [8] (Aw5.6), the smart city concept (Aw5.7), renewable energy
(Aw5.8), and recycling (Aw5.9). It can be seen that as the specificity and locality of the item
increase, the familiarity level increases as well. It is also noteworthy that people are slightly
more familiar with the term ‘smart city’ than the term ‘sustainable city’. One of the reasons
for this could be the increase in popularity of smart city as a term in recent years as a result
of rapid technological developments. Moreover, it is slightly difficult to pronounce the
Turkish translation of sustainability, which is written as “surdurulebilirlik”. Therefore, it
is possible to surmise that an alternative, catchy keyword with higher advertising value
would preferentially be used alongside the sustainability term in the Turkish context.
Moreover, the general public is more likely to be concerned by local sustainability issues.

Determinant 2: Perception

Regarding the perception determinant, less variance and higher scores were observed
within the questions (Figure 4).

Figure 4. Perception questions.

It was found that 73% of the respondents believe in the importance of urban sus-
tainability behavior (Per1). However, they admit that their behaviors do not conform to
sustainability principles (Per2). It is important that people become good at distinguishing
their perceptions about the importance of sustainability from their perceptions about their
individual performances in behaving accordingly.

In question three (Per3.1 to Per3.11), a comprehensive list of urban sustainability re-
lated sub-areas were given and people were asked to grade the strength of their relationship
with urban sustainability. Respondents appear to have a holistic perception about urban
sustainability since they scored all items highly, although a higher score was observed
for environmental aspects (Per3.4 and Per3.5) than social aspects (Per3.1 and Per3.2). It
is therefore possible to state that people were more inclined to see sustainability more
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as an environmental issue than a social issue. The responses to the last question (Per4)
showed there to be an overall consensus among the respondents on the importance of
sustainability for Istanbul, which is expected to increase the chance of public participation
in urban sustainability actions.

Determinant 3: Attitude

In terms of attitudes (Figure 5), although the overall attitude was found to be significantly
high, it is possible to notice from the responses to questions Att1 and Att4 that a considerable
proportion of the respondents still hold some remnants of an anthropocentric approach.

 
Figure 5. Attitude questions.

They cared somewhat less about the limits of the planet (Att1) and possible economic
outcomes of unsustainability (Att4) when compared with other scores. On the other hand,
they had a good sense of contributing to sustainability (Att2) and saw themselves as respon-
sible for taking necessary actions (Att3). Moreover, they also thought that public authorities
should enforce regulations more strongly (Att5). Their strong emphasis in this question
was found to be a result of unsustainable urbanization policy and actions undertaken in
Istanbul in recent years. It also showed a general discomfort with the actions that have
been implemented. However, it is promising that they hold themselves responsible for
urban sustainability actions and feel good about making contributions since it indicates
that there are strong attitudes about pro-sustainability issues. Moreover, the consensus
among the respondents on the importance of sustainability has the potential to be used in
both supporting sustainable policy and actions and changing unsustainable practices, even
if they act against the comfort of individuals or benefit specific power groups.

3.1.2. Data Preparation
Factor Analysis

All determinant questions were subjected to a factor analysis with varimax rotation.
This helped to provide confirmation of the appropriateness of the questionnaire structure
by deriving latent variables. Moreover, it was useful for providing empirical robustness for
aggregate scales [39].
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The results indicated that Bartlett’s test coefficient was equal to 1943, which, along
with a p-value of <0.05, showed that the data was suitable for factor analysis. Similarly, a
KMO value of 0.867 (higher than the adequacy limit of 0.600) confirmed suitability of the
data for factor analysis. In addition, a Scree plot method was used to choose the number of
factors that could/should be considered. As a result, three factors with eigenvalues larger
than 1.0 were retained [39].

In the final step, the three factors were rotated using varimax orthogonal rotation; the
corresponding factor loadings are shown in Table 1.

Table 1. Factor loadings for all determinant items.

Variable Factor 1 Factor 2 Factor 3 Communality Cronbach’s Alpha

Aw1 0.804 0.112 0.280 0.738 0.87
Aw2 0.784 0.068 0.314 0.718
Aw3 0.659 0.240 −0.016 0.492
Aw4 0.694 0.070 0.294 0.573
Aw5 0.671 0.306 0.175 0.574

Per1 0.186 0.427 0.098 0.227 0.62
Per2 0.302 0.464 −0.067 0.311
Per3 0.032 0.606 0.231 0.421
Per4 0.064 0.558 0.126 0.331

Att1 0.092 −0.098 0.451 0.222 0.68
Att2 0.334 0.328 0.520 0.489
Att3 0.243 0.269 0.460 0.343
Att4 0.188 0.179 0.585 0.409
Att5 0.057 0.288 0.501 0.337

% Variance 0.213 0.118 0.111 0.442
Note: Bold ones indicate the corresponding factor loadings.

The chosen three factors confirmed the exact grouping used in the questionnaire (i.e.,
awareness, perception, and attitude). As can be seen from Table 1, awareness items are
grouped under factor 1, perception items are grouped under factor 2, and attitude items
are grouped under factor 3. Cronbach’s alpha statistics show that all scales were internally
consistent, with the internal consistency score of the perception scale being the lowest. As
a result, it is possible to state that the questionnaire used in this survey formed a reliable
set of scales and provided a valid empirical base [40,41].

Scale Construction

Although the three separate groups of determinant questions (i.e., awareness, percep-
tion, and attitude) were created based on the insights provided from the existing literature,
it was important to specify their distinct features empirically. This consisted of two steps.

In the first step, the questions that consisted of several expressions were converted
into a scale. In other words, for Aw5 (which consisted of nine statements) and Per3 (which
consisted of 11 statements), all statements were considered as equally weighted. Therefore,
all answers were summed (from 1—strongly disagree to 5—strongly agree) and the sums
were divided by the total number of statements (9 and 11, respectively) in order to obtain
an overall score for these particular questions.

In the second step, all questions under each determinant groups—awareness
(five questions), perception (four questions), and attitude (five questions)—were summed
and the sums were divided by the total number of questions (i.e., 5, 4, and 5, respectively).
By doing so, an overall average score for each of the awareness, perception, and attitude
determinants were obtained.
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3.2. Behavior
3.2.1. Items of Behavior

Behavior is the outcome of the socio-psychological processes that feature in the con-
ceptual framework (Figure 1). While exploring urban sustainability understanding and
behavior, the number of discrete questions under behavior were more numerous than the
individual socio-psychological determinant scales since behavior was the central focus
of this research. Similar to the process adopted for awareness, perception, and attitude,
reported levels of behavior were measured and analyzed (Figure 6). Therein, 18 different
aspects of behavior were considered within seven groups:

1. Personal (Q1.1 to 1.3)
2. Social (Q2.1 to 2.3)
3. Environmental (Q3.1 to 3.3)
4. Economic (Q4.1 to 4.3)
5. Governance (Q5.1 to 5.2)
6. Infrastructural (Q6.1 to 6.2)
7. Technological (Q7.1 to 7.2)

The results presented in Figure 6 show that respondents tended to report their efforts
within their personal (Bh1.1) and social environments (Bh1.3) and admit that they were not
able to attend informative activities frequently (Bh1.2). The reason behind this could be a
lack of time and/or lack of informative activities related to urban sustainability.

 

Figure 6. Behavior questions.

Regarding the social behavior items (Bh2.1 to Bh2.3), higher scores were observed. The
connection between social behavior items and cultural–moral values provided them with a
strong basis. This indicates, therefore, that the advantage of these established cultural codes
should be utilized in sustainability policies. A similar high trend in environmental behavior
items (Bh3.1 to Bh3.3) was observed. Although the statement of “buying sustainable or
recycled products” (Bh3.1) gained lower scores than other environmental behavior items,
this aspect of sustainability behavior could be enhanced by providing better labelling
and informative ‘sustainability’ signage on products. The responses about repairing and
reusing things (Bh3.2) might also be related with cultural codes as well as economic benefits.

163



Sustainability 2021, 13, 7711

A higher score was observed in protecting the green areas (Bh3.3). This score is important
since it denotes a need for value to be attached to green areas in urban living.

Economic behavior items (Bh4.1 to Bh4.3) achieved generally high scores, the lowest of
the three using renewable energy supplies (Bh4.3). This might be due to either inadequate
supply of, or respondents being insufficient informed about, renewable energy sources.
This indicates that the sources of energy supplies used in household energy consumption
could be presented more visibly. Under governance behavior items (Bh5.1 and Bh5.2), it
was observed that participating in sustainability policy and governance (Bh5.1) achieved
low scores. Therefore, it could be argued that the channels for participatory government
should be enhanced, which would eventually be expected to result in a positive impact
on overall sustainability behavior. On the other hand, people demonstrated a willingness
to obey environmental regulations (Bh5.2). For infrastructural (Bh6.1 and Bh6.2) and
technological (Bh7.1 and Bh7.2) items, a coherent response characteristic was observed
with high mean values.

3.2.2. Data Preparation
Factor Analysis

In order to prepare the behavior data for inferential analysis, factor analysis with
varimax rotation was once again conducted. By doing so, a reduction in the dimension was
provided and empirically sound implicit factors were extracted. Bartlett’s test coefficient of
3369 along with a p-value of <0.05 indicated that the data was suitable for factor analysis.
Similarly, a KMO value of 0.938 (higher than adequacy limit of 0.600) confirmed the
suitability of factor analysis. The Scree plot method was again used to choose the number
of factors. Although three eigenvalues were above 1.0, initial analysis using three factors
did not give a meaningful outcome. Factor loadings were closely distributed among three
factors; therefore, it was not possible to place them under distinct groupings. Moreover,
the cumulative variance score was lower than required. Hence, as the eigenvalue of the
fourth factor (0.93) was very close to the threshold of 1.0 and the three-factor analysis did
not give appropriate results, four factors were used for the second iteration. This proved
successful: four factors rotated with varimax orthogonal rotation resulted in a meaningful
outcome, the corresponding factor loadings being recorded in Table 2.

Table 2. Factor loadings for behavior items.

Variable Factor 1 Factor 2 Factor 3 Factor 4 Communality Cronbach’s Alpha

Behavior 2.1 0.550 0.412 0.128 0.162 0.515 0.83
Behavior 2.3 0.698 0.314 0.187 0.064 0.625
Behavior 3.3 0.730 0.097 0.152 0.289 0.649
Behavior 4.1 0.527 0.022 0.428 0.278 0.538
Behavior 5.2 0.524 0.177 0.318 0.321 0.510

Behavior 1.1 0.304 0.537 0.245 0.289 0.525 0.80
Behavior 1.2 0.048 0.671 0.130 0.240 0.526
Behavior 1.3 0.246 0.718 0.149 0.187 0.632
Behavior 2.2 0.432 0.491 0.252 0.158 0.516

Behavior 3.1 0.292 0.500 0.518 0.151 0.627 0.80
Behavior 3.2 0.289 0.054 0.367 0.191 0.258
Behavior 4.2 0.258 0.287 0.694 0.195 0.669
Behavior 4.3 0.129 0.333 0.474 0.394 0.507
Behavior 5.1 0.124 0.461 0.473 0.236 0.507

Behavior 6.1 0.171 0.248 0.192 0.475 0.353 0.75
Behavior 6.2 0.361 0.227 0.236 0.467 0.456
Behavior 7.1 0.216 0.305 0.216 0.482 0.418
Behavior 7.2 0.415 0.242 0.177 0.445 0.460

% Variance 0.159 0.152 0.112 0.093 0.516

Note: Bold ones indicate the corresponding factor loadings.
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The factors that emerged based on the corresponding questions can be interpreted as:

• Factor 1: Socio-Environmental (Responsibility)—Behavior I
• Factor 2: Personal (Effort)—Behavior II
• Factor 3: Economic-Policy (Concerns)—Behavior III
• Factor 4: Infrastructural and Technological (Endeavors)—Behavior IV

Cronbach’s alpha statistics showed that all scales were internally consistent [40,41].
Therefore, these factor groupings formed a reliable set of scales and provided good empiri-
cal bases. Moreover, it meant that multivariate analysis could be based on these scales.

Scale Construction

Based on the factor analysis findings, scales for four behavior groups and an overall be-
havior scale were required. All statements were treated as equally weighted; therefore, the
scores for each question under the corresponding factor were summed (from 1—strongly
disagree to 5—strongly agree) and divided by the total number of questions. By doing so,
an average score for each of the factor groups was determined. In the next step, these four
factor scores were summed and divided by four, assuming all factors had equal weights, to
generate an overall behavior score for individuals.

3.3. Personality Traits

Based on the conceptual framework used in the study, personality traits were con-
sidered as one of the two main influencer groups on urban sustainability understanding
and behavior. As explained in Topal et al. [35], the big five personality traits approach of
Goldberg [42] was adopted in the conceptual framework, the traits being:

• Surgency (P1)
• Agreeableness (P2)
• Conscientiousness (P3)
• Emotional Stability (P4)
• Intellect (P5)

Five questions were used for the scale of each personality trait groups and each
question was treated as equally weighted. Negatively framed questions were recoded for
scaling purposes. The scores for each question under the corresponding trait group were
summed (from 1—strongly disagree to 5—strongly agree) and divided by five (the total
number of questions). Thus, the average score for each personality trait group was created.

3.4. Influencing Factors

As described in the conceptual framework, external influencing factors were the main
variable group expected to have an impact on urban sustainability understanding and
behavior. In accordance with the conceptual framework, influencing factors may vary
according to different contexts and conditions, which provide the model with flexibility. For
this research, 19 influencing factors that were considered to be critical to the current analysis
were specified as a result of the systematic literature review performed by Topal et al. [31].
Figure 7 presents a general overview of the responses given to influencing factors, which
will be discussed in detail in Section 6.3.2. It is important to note that six questions (i.e., IF2,
IF13, and IF15 to IF18) are by design negatively framed with respect to favorable urban
sustainability behavior.
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Figure 7. Influencing factor questions.

4. Bivariate Analyses and Results

4.1. Determinants of Understanding

Pearson’s r correlation coefficients for each scale are given in Table 3. The correlation
coefficients indicate that awareness, perception, and attitude were all positively correlated
with each other. While the correlation between awareness–perception and perception–
attitude were approximately equal (i.e., 0.37 and 0.35, respectively), the correlation between
awareness–attitude was higher (0.49). Although the former finding was in line with what
was expected, the latter finding was unexpected since it can be argued that as the distance
between the socio-psychological determinants increase, the correlation value would be
expected to decrease. However, that was not the case.

Table 3. Pearson correlation coefficients of determinants.

Awareness Perception

Awareness 1
Perception 0.37 * 1
Attitude 0.49 * 0.35 *

* p < 0.05.

4.2. Determinants and Behavior

Pearson’s r correlation test was used to analyze the relationship between behavior
and determinants. The correlation coefficients are presented in Table 4, which shows that
the correlations were statistically significant.
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Table 4. Pearson correlation coefficients between determinants and behavior.

Awareness Perception Attitude

Behavior 0.57 * 0.44 * 0.57 *
* p < 0.05.

The correlation coefficients of determinants with behavior were anticipated from the
conceptual model to be high and the values from this research (0.57 for awareness, 0.44
for perception, 0.57 for attitude) confirmed this expectation to be valid. However, it can
be argued that the effects of determinants are variable across behavior, behavior having a
higher correlation coefficient value (0.57) with both awareness and attitude, whereas the
correlation value with perception (0.44) is significantly lower.

4.3. Personality Traits
4.3.1. Personality Traits and Determinants

As shown in the conceptual framework, personality traits were expected to have an
impact on urban sustainability understanding and behavior. Table 5 presents the Pearson
correlation coefficients between personality types and determinants. As can be seen from
the table, the bivariate relationships between all variables are significant (p < 0.05), except
for that between attitude and personality IV.

Table 5. Pearson correlation coefficients between personality types and determinants.

Personality
I(P1)

Personality
II(P2)

Personality
III(P3)

Personality
IV(P4)

Personality
V(P5)

Awareness 0.33 * 0.33 * 0.31 * 0.16 * 0.43 *
Perception 0.26 * 0.20 * 0.22 * 0.12 * 0.27 *
Attitude 0.21 * 0.33 * 0.29 * 0.03 0.26 *

* p < 0.05.

For awareness, all personality types (except personality IV—emotional stability) have
a strong correlation. The highest correlation was observed with personality V (intellect,
0.43), while personality I-II-III had broadly similar coefficients (0.31 to 0.33, respectively).
In contrast, the coefficient for personality IV was notably lower than the other personal-
ity types. Therefore, it can be inferred that while intellect is an important predictor of
awareness, emotional stability has limited impact.

For perception, personality I (surgency, which describes characteristics of quickness,
cleverness, responsiveness, and spontaneity) and personality V had similar coefficients
(0.26–0.27), followed by personality II and III (agreeableness, 0.20, and conscientiousness,
0.22, respectively). However, personality IV again differed from other personality types,
with a markedly lower correlation value (0.12). Therefore, it is possible to conclude
that people with characteristics of surgency and intellect hold better (i.e., more positive)
perceptions about urban sustainability.

Regarding attitude, personality II had the highest significant coefficient (0.33), fol-
lowed by personality III (0.29), personality V (0.26) and personality I (0.21). However, there
was no significant relationship between personality IV and attitude. As a result, it can
be said that people with a more agreeable and conscientious nature have better attitudes
about urban sustainability.

4.3.2. Personality Traits and Behavior

Correlation values for behavior and personality types are presented in Table 6, in
which it can be seen that the Pearson correlation coefficients were encouragingly high, all
coefficients having significant positive values (p < 0.05).
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Table 6. Pearson correlation coefficients between personality types and behavior.

Personality
I(P1)

Personality
II(P2)

Personality
III(P3)

Personality
IV(P4)

Personality
V(P5)

Behavior 0.30 * 0.43 * 0.46 * 0.20 * 0.43 *
* p < 0.05.

Although behavior had mostly strong bivariate relationships with all personality
types, there were important differences. Personality III (conscientiousness) had the highest
coefficient of 0.46, very closely followed by personality II and V (0.43 for each), while
personality I (surgency) was more moderately correlated with behavior (0.30). On the other
hand, personality IV proved again to be distinct from the other personality types with a
markedly lower correlation coefficient (0.20).

To sum up, the correlational analyses showed that personality types of agreeableness,
conscientiousness and intellect were strongly correlated with behavior. Surgency proved
to be less of an influence on behavior, while emotional stability did not have a substantial
influence on urban sustainability behavior. This is not surprising since sustainable behavior
requires intellect to comprehend, agreeableness to obey the rules and conscientious to carry
out the necessary actions and perform well.

4.4. Socio-Demographics and Influencing Factors
4.4.1. Socio-Demographics and Determinants and Behavior

In this section, the bivariate relationships between socio-demographic variables and
urban sustainability understanding and behavior are explored. Due to the different nature
of the data, t-test, Spearman correlation analysis and ANOVA tests were conducted.

Gender and residential status were the variables explored in the t-tests. For gender,
the only significant difference (t = 2.51) found between male (m = 2.85, SD = 0.88) and
female (m = 2.64, SD = 0.82) was with awareness. No other determinants or behavior had a
statistically significant outcome. The residential status (i.e., landlord, tenant) did not result
in a statistically significant difference in any of the determinants and behavior.

The socio-demographic factors presented in Table 7 were investigated for the Spear-
man analysis. The results showed that while age had a statistically significant negative
relationship with awareness, education had statistically significant positive correlations
with all of the variables, the highest correlation being with awareness (0.44). Income
resulted in positive correlations with all determinants. The number of people living in a
household was found to have a significant negative correlation with behavior. Regarding
the years lived in Istanbul, positive relationships with attitude and behavior were found.
Finally, it was found that the size of the house that people lived in was positively correlated
with awareness and attitude.

Table 7. Spearman correlation coefficients between socio-demographics and determinants and behavior.

Social Demographics (SD) Awareness Perception Attitude Behavior

SD1—Age −0.14 * −0.06 −0.02 0.07
SD2—Education 0.44 * 0.21 * 0.16 * 0.22 *

SD3—Income 0.21 * 0.13 * 0.24 * 0.09
SD4—Household 0.04 0.04 −0.06 −0.15 *

SD5—Year living in Istanbul 0.00 0.03 0.18 * 0.17 *
SD6—Size of home 0.10 * 0.06 0.20 * 0.03

* p < 0.05.

For the other socio-demographic factors (occupation, the county that people live in,
probable future residency, and political orientation) one-way ANOVA tests were performed
to examine the relationships with determinants and behavior. Furthermore, a Tukey post-
hoc test was conducted for each factor to specify the group differences.
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In terms of occupation, statistically significant differences were found in awareness
(f(9) = 5.88), perception (f(9) = 1.93), and attitude (f(9) = 2.97); these are shown in Figure 8.

For awareness, academics were found to have higher scores than students (1.58),
workers (1.57), private sector employees (1.18), the self-employed (1.21), businessmen (1.28),
the unemployed (1.40), housewives (1.72), and those who were retired (1.58). Moreover,
housewives showed lower degrees of awareness than public servants (0.68) and private
sector employees (0.54). For perception, academics obtained higher scores than workers
(0.75), housewives (0.75), and unemployed people (0.84). Regarding attitude, private sector
employees showed higher scores than housewives (0.29) and unemployed people (0.58).

  
(a) (b) 

 
(c) 

Figure 8. Box plots for occupation and determinants: (a) awareness; (b) perception; (c) attitude.

In terms of the county of residence, statistically significant differences were found in
awareness (f(32) = 2.13), perception (f(32) = 2.40), attitude (f(32) = 5.53; see Table 8), and
behavior (f(32) = 4.42; see Table 9). For awareness, Sariyer had a lower score than Beykoz
(1.00), Gaziosmanpasa (0.99), and Umraniye (0.95). While Sisli district showed lower
levels of perception than Bagcilar (0.53) and Kagithane (0.81), differences in attitude scores
are noticeable in Table 8. For example, it is noticeable that Bahcelievler, Gaziosmanpasa,
Kucukcekmece, Sultanbeyli, and Uskudar scored significantly higher in attitude than
other counties.
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Table 8. ANOVA mean differences between counties of residence for attitude.

Bahcelievler G.Pasa K.Cekmece Sultanbeyli Umraniye Uskudar

Avcilar −0.95 −0.90 −0.94 −1.50 −0.71
Bakirkoy −1.37
Bagcilar −0.80 −0.74 −0.78 −1.35 −0.51 −0.56
Beykoz −0.82 −1.03
Beyoglu −0.76 −0.80 −1.37 −0.58
Besiktas −0.91 −0.85 −0.89 −1.46 −0.67

Cekmekoy −1.28
Esenler −0.88 −0.82 −0.86 −1.43

Fatih −0.95 −0.90 −0.94 −1.50 −0.67 −0.71
Gungoren −1.36

Sariyer −0.79 0.74 −0.78 −1.34 −0.55
Sisli −0.68 −0.66 −1.23

Finally, for behavior, as seen in Table 9, Fatih and Sariyer had significantly lower
scores than many other counties.

Table 9. ANOVA mean differences between counties of residence for behavior.

Fatih Sariyer Sultanbeyli

Avcilar −1.30
Bahcelievler 1.02 0.91

Bakirkoy
Bagcilar 0.67 0.56
Beykoz 0.56
Beyoglu −1.21
Besiktas −1.27
Esenler 0.91 0.80
G.Pasa 0.96 0.85

Gungoren 0.99 0.88
K.cekmece 0.97 0.86
Sultanbeyli 1.75 1.64
Umraniye 1.06
Uskudar 0.72 0.61

Zeytinburnu 0.99 0.88

In terms of future probable residency, no significant differences were found in any of
the determinants and behavior. However, for political orientation, statistically significant
differences were found in awareness (f(9) = 9.77), perception (f(9) = 3.65), attitude (f(9) = 3.78),
and behavior (f(9) = 5.93), these being presented in Figure 9.

For awareness, the apolitical group resulted in lower scores than Ataturkist (0.96),
left/socialist (0.86), and social democrat (0.77). What is more, the respondents who identi-
fied themselves as religious showed lower awareness than the groups of respondents who
identified as liberal (1.51), nationalist (1.06), conservative democrat (1.31), left/socialist
(1.65), and social democrat (1.55).

170



Sustainability 2021, 13, 7711

  
(a) (b) 

  
(c) (d) 

Figure 9. Box plots for political orientation and determinants and behavior: (a) awareness; (b) perception; (c) attitude;
(d) behavior.

In terms of perception, the responses from the conservative democrat group resulted
in lower scores than left/socialist (0.28), Ataturkists (0.54), and social democrats (0.33). On
the other hand, the Ataturkist group had higher perception than the group without any
ideology (0.70). Regarding attitude, the ‘other ideology’ group recorded lower scores than
left/socialists (0.52) and social democrats (0.45). Similarly, the apolitical group had lower
attitude scores than left/socialists (0.40).

Finally, for behavior, it was noticeable that people who do not prefer to be identified by
a political ideology recorded lower scores than Ataturkists (0.89), left/socialists (0.90), social
democrats (0.96), and conservative democrats (0.73). Left-socialist and social democrats
were found to have higher behavior scores than most of the other ideologies, especially for
the apolitical (0.45) and religious (0.68) groups.

4.4.2. Influencing Factors (IF) and Determinants

The Spearman correlation analysis (Table 10) shows the correlation between influenc-
ing factors (IF) and determinants. Therein, it can be seen that the awareness determinant
was significantly correlated with the 12 influencing factors (IF 1-2-4-5-6-7-9-11-12-14-17-18)
while perception had significant but comparatively lower correlation coefficients with
the 11 influencing factors (IF 1-4-5-6-7-9-10-13-14-18-19). In contrast, attitude showed
significant correlation with almost all of the influencing factors (only IF 13-19 were not).
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It should be kept in mind that questions related to IF 2-13-15-16-17-18 were by design
negatively framed.

Table 10. Spearman correlation coefficients between influencing factors and determinants.

Influencing Factors (IF) Awareness Perception Attitude

IF 1—Awareness of Consequences 0.30 * 0.22 * 0.51 *
IF 2—Habit 0.10 * 0.09 0.13 *

IF 3—Trust in Society 0.08 −0.03 −0.12 *
IF 4—Social Appraisement 0.42 * 0.29 * 0.54 *

IF 5—National Identity 0.18 * 0.21 * 0.39 *
IF 6—World Mindedness 0.28 * 0.33 * 0.37 *
IF 7—Place Attachment 0.12 * 0.10 * 0.29 *

IF 8—Health and Safety Concerns 0.07 −0.04 0.15 *
IF 9—Willingness to Pay 0.33 * 0.20 * 0.31 *

IF 10—Trust in Actors −0.04 −0.16 * 0.11 *
IF 11—Satisfaction with Built Environment 0.12 * −0.04 0.11 *

IF 12—Availability of Public Facilities 0.11 * −0.01 0.16 *
IF 13—Locus of Control −0.03 −0.22 * −0.01

IF 14—Trust in Science and Technology 0.25 * 0.27 * 0.36 *
IF 15—Human Priority −0.09 −0.07 −0.40 *

IF 16—Prosperity Perception −0.07 −0.05 −0.32 *
IF 17—Perception of Economic Growth −0.11 * −0.02 −0.38 *

IF 18—Willingness to Sacrifice −0.13 * −0.15 * −0.16 *
IF 19—Ascription of Responsibility 0.00 0.15 * 0.07

* p < 0.05.

People who were more aware of the consequences of unsustainable actions often had
more awareness and better perception; moreover, they held more positive attitude scores.
As social appraisal of a behavior increased, so did the awareness, perception, and attitudes
of people. If people had a stronger sense of national identity, they appeared to have
reasonably strong awareness and perceptions, but also highly positive attitudes. People
who considered themselves as more open-minded appeared to have good awareness,
combined with positive perceptions and attitudes. Place attachment was another influencer
that exhibited statistically significant positive correlation with awareness and perceptions
of individuals, while its positive impact on attitudes was higher. Finally, health and safety
concerns were found to have a significant correlation with attitudes of individuals; i.e., the
stronger such a concern was felt by individuals, the stronger their attitude towards urban
sustainability was likely to be.

Economic approaches of individuals deserve further attention. If, for example, in-
dividuals were more ready to pay for sustainability, they were more likely to have good
awareness, combined with more developed perceptions and attitudes. On the other hand,
if people held a more economically or personal prosperity-centered perspective over sus-
tainability, they were found to have slightly lower awareness scores and considerably more
negative attitudes. Similarly, people who were less willing to sacrifice their amenities
(in the name of sustainability) resulted in them having negative scores for awareness,
perception, and attitude. Finally, people who believed in humans having priority over
nature were found to be negatively correlated with urban sustainability attitude.

As trust in a mediator (actor) increased, perceptions and attitudes about urban sus-
tainability were found to become more positive. However, trust in society only resulted in
better attitudes. In addition, people who had more trust in science and technology reported
higher scores in awareness, perceptions, and attitudes. Counterintuitively, unsustainable
habits were positively correlated with awareness and attitudes, albeit marginally. Even
though this was an unexpected outcome, it might mean that, in general, the more conscien-
tious people were about their wrong habits, the higher their awareness and attitudes.

The quality of the living environment was another factor to note. It was observed
that people who have a greater satisfaction with the quality of the built environment also
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had greater awareness and better attitudes towards urban sustainability. Similarly, more
cultural facilities in the vicinity of the area in which the respondents lived led to higher
awareness and attitude scores. Interestingly, the locus of control factor was found to have a
statistically significant correlation only with urban sustainability perceptions of individuals.
People who felt they had less control over their sustainable built environment had lower
sustainability perception scores. Similarly, ascription of responsibility resulted only in
better perceptions.

4.4.3. Influencing Factors (IF) and Behavior

The Spearman correlation values between behavior and influencing factors (IF) are
presented in Table 11. Statistically significant correlations therein are marked.

Table 11. Spearman correlation coefficients between influencing factors and behavior.

Influencing Factors (IF) Behavior

IF 1—Awareness of Consequences 0.43 *
IF 2—Habit 0.23 *

IF 3—Trust in Society 0.21 *
IF 4—Social Appraisement 0.49 *

IF 5—National Identity 0.22 *
IF 6—World Mindedness 0.42 *
IF 7—Place Attachment 0.29 *

IF 8—Health and Safety Concerns −0.01
IF 9—Willingness to Pay 0.47 *

IF 10—Trust in Actors 0.11 *
IF 11—Satisfaction with Built Environment 0.15 *

IF 12—Availability of Public Facilities 0.15 *
IF 13—Locus of Control −0.03

IF 14—Trust in Science and Technology 0.29 *
IF 15—Human Priority −0.16 *

IF 16—Prosperity Perception −0.16 *
IF 17—Perception of Economic Growth −0.15 *

IF 18—Willingness to Sacrifice −0.17 *
IF 19—Ascription of Responsibility 0.17 *

* p < 0.05.

Sustainability behavior was significantly correlated with all factors, except two: health
and safety concerns (IF8) and locus of control IF13. However, it can be seen that the factors
of awareness of consequences (IF1), social appraisement (IF4), world mindedness (IF6),
place attachment (IF7), willingness to pay (IF9), and trust in science and technology (IF14)
had encouragingly high correlation coefficients with urban sustainability behavior.

5. Multivariate Analyses and Results

In this section, multivariate analyses based on the conceptual framework are reported.
A series of multiple regression analyses were used to investigate the associations between
the main variables of interest (i.e., socio-psychological determinants of awareness, percep-
tion, and attitude) and behavior.

5.1. Preparation for the Analysis

Variables that were either numerical or continuous were directly included in the
analysis. Ordered categorical socio-demographic variables (age, education level, income
level, number of people living in the household, length of time lived in Istanbul, and
approximate size of houses) were also directly included in the analyses by converting them
to numerical codes. Unordered categorical variables were converted into dummy variables
for inclusion in the analysis. Probable future residency was recoded as 1 for ‘continue to
live in Istanbul’ and 0 for ‘continue to live elsewhere’. For gender, women were coded
as 1 and men were coded as 0. Finally, for residential status, the landlord option was
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coded as 1 and the tenant option was coded as 0. Consequently, it was possible to include
all predictor variables in the multiple linear regression tests, which are reported in the
following sections.

5.2. Determinants and Behavior

Based on the conceptual framework, outcome variables for linear regression tests
were specified as awareness, perception, attitude, and behavior. All influencing factors,
personality types, and prepared socio-demographic questions were included as predictor
variables. However, in accordance with the framework, each previous outcome variable
was included in the following tests as a predictor variable. In other words:

i. Awareness was included in the linear regression test of perception;
ii. Awareness and perception were included in the linear regression test of attitude; and
iii. Awareness, perception, and attitude were included in the linear regression test

of behavior.

Table 12 shows the results of the series of multiple linear regression tests, including
regression coefficients, R2 values, and F statistics.

Table 12. Standardized linear regression coefficients for determinants and behavior.

Awareness Perception Attitude Behavior

Awareness 0.176 * 0.153 * 0.218 *
Perception 0.060 0.128 *

Attitude 0.190 *

Influencing Factors (IF)

IF 1—Awareness of Consequences 0.164 * 0.002 0.209 * 0.079
IF 2—Habit 0.029 0.053 0.028 0.017

IF 3—Trust in Society 0.040 −0.061 −0.102 * 0.111 *
IF 4—Social Appraisement 0.172 * 0.082 0.167 * 0.092 *

IF 5—National Identity 0.031 0.089 0.181 * 0.063
IF 6—World Mindedness 0.005 0.171 * 0.136 * 0.087 *
IF 7—Place Attachment −0.042 0.052 0.047 −0.023

IF 8—Health and Safety Concerns 0.035 −0.091 * 0.083 * −0.031
IF 9—Willingness to Pay 0.144 * 0.085 0.141 * 0.144 *

IF 10—Trust in Actors −0.075 −0.062 0.094 * 0.066
IF 11—Satisfaction with Built Environment 0.085 −0.057 −0.015 −0.003

IF 12—Availability of Public Facilities 0.051 −0.042 −0.016 −0.025
IF 13—Locus of Control 0.028 −0.151 * 0.101 * −0.001

IF 14—Trust in Science and Technology 0.071 0.173 * 0.081 * −0.073
IF 15—Human Priority −0.020 0.009 −0.051 0.065

IF 16—Prosperity Perception 0.044 0.109 0.025 −0.027
IF 17—Perception of Economic Growth −0.017 0.060 −0.116 * 0.014

IF 18—Willingness to Sacrifice −0.119 * −0.151 * −0.040 −0.012
IF 19—Ascription of Responsibility −0.105 * 0.167 * 0.077 * 0.059

Personality Traits (P)

P1—Surgency 0.022 0.037 0.035 −0.020
P2—Agreeableness 0.078 −0.032 0.000 0.085 *

P3—Conscientiousness 0.022 0.067 −0.006 0.131 *
P4—Emotional Stability 0.021 0.014 −0.050 0.048

P5—Intellect 0.149 * −0.042 −0.017 0.084 *

Social Demographics (SD)

SD 1—Age −0.086 * 0.014 −0.062 0.095 *
SD 2—Gender −0.074 * 0.101 * −0.034 0.001

SD 4—Education 0.323 * 0.038 −0.033 0.023
SD 6—Income 0.000 0.028 0.046 −0.045
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Table 12. Cont.

Awareness Perception Attitude Behavior

SD 8—Household number 0.047 0.110 * −0.011 −0.069
SD 9—Year living in Istanbul −0.088 −0.051 0.063 0.012

SD 10—Future residency −0.006 0.020 0.024 −0.001
SD 12—Residential Status 0.127 * 0.043 −0.031 0.006

SD 13—Size of House 0.006 −0.010 0.090 * −0.014

R2—Model Fit 0.539 0.369 0.669 0.650
F 13.31 6.428 21.58 19.19

Error 0.67 0.79 0.57 0.59

Model Significance p< 0.01 p< 0.01 p< 0.01 p< 0.01

Note: * p < 0.05. Bold ones indicate the statistically significant results.

Based on the results, it was observed that all models were significant, meaning that
the outcome variables were successfully predicted (by predictor variables). Therein, per-
ception had a weaker fit of 37%, awareness had a moderate fit (54%), whilst both attitude
(67%) and behavior (65%) had good fits. Despite considerable error terms, which means
that a substantial amount of unobserved variance existed the model, these findings can
be considered valuable for theoretical purposes. Moreover, it can be observed that all
determinants and behavior were influenced by several different factors while some factors
were found to have an effect on more than one determinant. For example, awareness signif-
icantly predicted perception and attitude, yet no significant association was found between
perception and attitude. Moreover, awareness, perception, and attitude were found to have
significant positive associations with behavior in isolation. This relationship was in line
with the theoretical premise proposed by the conceptual framework (see Topal et al. [35]).

5.2.1. Awareness

When exploring the awareness outcome variable, it can be seen that five influencing
factors, one personality type, and four socio-demographic parameters, as predictor vari-
ables, were found to have significant predictive power. As expected, people who were
more aware of the consequences of their behaviors (IF1) had higher urban sustainability
awareness. Similarly, the effect of social appraisement (IF4) on awareness was considerable,
which emphasized the importance of the social environment in sustainability policies. In
addition, people who were found to be more willing to pay (IF9) or willing to sacrifice
(IF18) were also found to have higher awareness. Therefore, people with altruistic char-
acteristics might be more inclined to be aware of sustainability. Interestingly, ascription
of responsibility (IF19) resulted in a negative effect on awareness. In terms of personality
types, people with higher intellect (P5) were associated with higher levels of awareness. In
this respect, it goes without saying that awareness requires a certain level of intellectual
capacity, so this overall outcome seems reasonable. Regarding socio-demographics, age
(SD1) was found to have a negative impact, which means the younger people are, the
more aware they are. Since sustainability is a novel topic and the information channels to
awareness require adaptation to technological developments, the finding that the younger
generation tends to have more awareness is again reasonable. When it comes to gender
(SD2), it was observed that males had greater awareness than females on average. In
the Turkish context, where a more male-dominated culture is prevalent and males have
better educational opportunities, this is understandable. As expected, there was a strongly
positive influence of education (SD4) on awareness. Finally, it was found that people who
live in their own house (SD12) had greater awareness than people who live in a rented
property.

5.2.2. Perception

With regard to the perception outcome variable, the awareness determinant, six influ-
encing factors, and two socio-demographic parameters as predictor variables were found
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to have significant predictive power. Among the other variables, awareness was found to
have a strongly positive impact upon perception, which supports the theoretical concep-
tualization of the model. In terms of the influencing factors, world mindedness (IF6) was
positively associated with perception, meaning that, in general, people who have a more
global vision have a stronger urban sustainability perception. Health and safety concerns
(IF8) also had a positive impact on perception, while a negative coefficient indicated that
perception was negatively associated with those having less locus of control (IF13). Trust
in science and technology (IF14) to solve environmental problems, on the other hand, was
associated with a positive influence on perception. This highlights the critical role of science
and technology within the field of urban sustainability. While willingness to sacrifice (IF18)
and ascription of responsibility (IF19) were shown to positively affect perception, there was
no significant predictive power of any personality type, meaning that urban sustainability
perception of the individuals is independent from an individuals’ personality. Regarding
socio-demographics, it was found that the number of people living in the household (SD8)
was positively associated with perception and females had higher perception than males
(SD2) on average, which was contrary to the effect observed on awareness.

5.2.3. Attitude

Regarding the attitude outcome variable, a combination of the awareness determinant,
12 influencing factors and one socio-demographic parameter (as predictor variables) were
found to have significant predictive power. However, neither perception nor the personality
types were found to have any significant impact on attitude. In line with the conceptual
model, awareness was found to have a positive (significant) association with attitude. In
terms of influencing factors, awareness of the consequences (IF1), social appraisement
(IF4), trust in actors (IF10), and trust in science and technology (IF14) were found to have
a positive effect on the attitude of individuals. However, trust in society (IF3) resulted in
a negative influence on attitude, which means that people who considered their society
unsuccessful held better attitudes towards behavior. For national identity (IF5) and world
mindedness (IF6), a positive association with attitude was observed. Therefore, it is possible
to claim that having a global environmental approach and caring about the nation’s future
positively contributes to attitude. Health and safety concerns (IF8), willingness to pay
(IF9), and ascription of responsibility (IF19) had a positive effect on attitude. However,
it was observed that favoring economic development over urban sustainability (IF17)
resulted in an individual holding a negative association with attitude. On the contrary, the
thought of not having locus of control (IF13) resulted in a positive association with attitude.
This result was counterintuitive and might be related to people’s positive view of their
attitudes, even though they think themselves unable to influence the sustainability of their
built environment.

5.2.4. Behavior

Considering the behavior outcome variable, which is the final output of the socio-
psychological processes presented in the conceptual model, awareness, perception and
attitude determinants as predictor variables resulted in positive associations. Moreover,
four influencing factors, three personality types, and one socio-demographic parameter
were found to have significant predictive power as predictor variables. Of the influencing
factors, trust in society (IF3) along with social appraisement (IF4) were found to have a
positive association with urban sustainability behavior. This indicates the importance of
society and the social environment. As a result, the success of any policy was deemed
to be highly dependent on its acceptance by the society as a whole, which in turn has
the potential of improving individual’s actions. In addition, willingness to pay (IF9) and
world mindedness (IF6) had positive significant impacts on behavior. This shows that
having a world-minded approach contributes positively to sustainable behavior. In terms
of personality types, agreeableness (P2), conscientiousness (P3), and intellect (P5) were
positively associated with behavior. In other words, people who are more agreeable, more
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conscientious, or have a greater intellect were observed to have better (urban) sustainability
behavior. Finally, age (SD1) was found to have a positive effect on behavior. Therefore, it can
be concluded that older generations perform better when it comes to urban sustainability
behavior, even though they tend to be less aware of the issues (see Section 5.2.1).

Taking into account this large number of influencing factors, it can be argued that
urban sustainability behavior is a highly complex phenomenon. However, the explanatory
power of 65% shows that the framework presented here has promising results.

6. Discussion

6.1. Urban Sustainability Understanding and Behavior
6.1.1. Determinants of Understanding

Urban sustainability understanding consisted of three individual determinant scales:
awareness, perception, and attitude. While the perception and attitude scales resulted in
very close mean values (3.86 and 3.87, respectively), the mean value of awareness was
considerably lower (2.75). It is therefore possible to deduce that although people have a
lower level of awareness about urban sustainability, their perceptions and attitudes are
comparatively more positive. Since perception and attitude are assumed to be preceded by
awareness, this points to the fact that there are other factors that have direct influence on
each determinant. Correlation coefficients showed that awareness was better correlated
with attitude (0.49) than perception (0.37). Finding a significant correlation between each
determinant was an expected outcome from the previous studies of Guo et al. [43] and
Tran [44]. When it comes to understanding, awareness had the highest correlation (0.86),
followed by attitude (0.76) and perception (0.68). This finding highlights that awareness is
the key factor for achieving a better urban sustainability understanding.

Looking at standardized regression coefficients based on the conceptual framework,
awareness was found to have more predictive power on perception (0.173) than attitude
(0.153), yet no significant relationship was found between perception and attitude. Whilst
the former finding confirms the linear sequence of determinants given in the conceptual
framework, the latter finding points out the highly intertwined relationship between
perception and attitude determinants. Consequently, it is possible to deduce that increasing
the awareness level of individuals should have a high potential impact on perception and
attitudes (of urban sustainability).

6.1.2. Determinants and Behavior

The results for behavior indicated that both awareness and attitude have the same
correlation coefficients (0.57), followed by perception (0.44). Regarding the standardized
regression coefficients, awareness resulted in the highest predictive power (0.218), followed
by attitude (0.190) and perception (0.128). These results showed that urban sustainability
behavior is mainly predicted by awareness and attitude. This resonates with the findings of
Barr [20], Buerke et al. [45], Cagáňová et al. [46], Guagnano et al. [47], and Peng et al. [48].
In order to enhance sustainability behavior, there should be a stronger focus on increasing
the awareness of people by informative activities, training opportunities, public campaigns
and advertisements, and social media [49]. Moreover, their attitude towards urban sus-
tainability behavior needs to be enriched by encouraging sustainable practices, providing
necessary laws and regulations, revealing the adverse environmental, economic, and social
effects of unsustainability, stressing the criticality of the current situation for themselves and
future generations, and reminding them of the responsibility of each and every individual
to achieve a more sustainable future.

To sum up, behavior requires respective efforts in terms of socio-psychological de-
terminants to achieve sustainable practices. Therefore, it is of the utmost importance to
provide customized approaches based on the nature and type of the determinants and
behavior. Lastly, it can be concluded that perception acts as a mediator between awareness
and attitude and could be assumed as an intermediate determinant. Due to its intertwined
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meaning with awareness and attitude, it is more difficult to specify its individual impact
(or contribution) on urban sustainability behavior.

6.2. Personality Traits
6.2.1. Personality Traits and Determinants

It was observed that the mean value of P3 and P2 (conscientiousness and agreeability,
3.88 and 3.85, respectively) are the highest, followed by P5 (intellect, 3.51) and P1 (surgency,
3.30), while P4 (emotional stability) holds the lowest mean value (3.09). Therefore, it can be
concluded that the characteristic traits of the respondents are that they had an agreeable
and conscientious nature with high intellect. This can be seen as a positive aspect since
sustainable behavior is expected to be related with having (a) an agreeable nature, (b) a
certain level of intellect, and (c) performed conscientious actions [50].

Considering the results of the regression test, it was found that only P5 (intellect) had
a significant predictive power on the awareness determinant. This shows that although
personality types have significant correlations with urban sustainability understanding,
they have weaker predictive associations.

P1 (surgency) resulted in the highest correlation with awareness (0.33), followed
by perception (0.26) and attitude (0.21). It is therefore evident that ‘extroversion’, quick-
wittedness and confident sociability of the individuals have a strongly positive correlation
with awareness. It would not be inappropriate to assume that this might be due to respon-
dents’ openness to new sources of information and innovation. Therefore, the informative
channels for urban sustainability should be designed accordingly in order to attract those
people who exhibit less surgency. P2 (agreeableness) resulted in exactly the same correlation
with awareness (0.33) and attitude (0.33), followed by perception (0.20). Similarly, agreeable
people were found to have more positive attitudes to, along with greater awareness of,
urban sustainability. Similar results were found for P3 (conscientiousness) personality trait.
However, it was found that P4 (emotional stability) had low degrees of correlation with
awareness (0.16) and perception (0.12), while no significant correlation could be found with
attitude. This striking finding suggests that the emotional stability trait of individuals has
little or no relationship with their urban sustainability understanding. Finally, P5 (intellect)
was found to have the highest correlation with Awareness (0.43), followed by perception
(0.27) and attitude (0.26). From this, it can be further deduced that urban sustainability
understanding of individuals increases with their intellectual capacity.

The results also indicated that all personality types, except P4 (emotional stability),
have considerable positive correlations with socio-psychological determinants of urban
sustainability understanding. Moreover, only P5 (intellect) had significant predictive
power on the awareness determinant. This is logical since abstract thinking could facilitate
the process of both gaining and interpreting the knowledge. However, this points to
the additional need that informative policies should be designed in such a way that
requires less intellectual effort in order to attract the attention and adherence of most
citizens [51]. Keeping in mind the high mean values of the P2 (agreeableness) (3.85) and
P3 (conscientiousness) (3.88) among respondents, the chance of successfully achieving
urban sustainability behavior seems promising. To sum up, it is seen that although urban
sustainability understanding is correlated with personality types of individuals [52], it is,
on the whole, not predicted by them.

6.2.2. Personality Traits and Behavior

Contrary to determinants, personality traits of individuals were found to have higher
correlations and more predictive power on urban sustainability behavior.

The Behavior results showed that the strongest correlations exist with P2 (agree-
ableness) (0.43), P3 (conscientiousness) (0.46), and P5 (intellect) (0.43). In line with the
correlation coefficients, standardized regression coefficients revealed that P2 (agreeableness)
(0.085), P3 (conscientiousness) (0.131) and P5 (intellect) (0.084) had significant predictive
power on urban sustainability behavior. Based on these findings, it is possible to say that
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sustainability behavior is closely associated with an agreeable nature, conscientious prac-
tice, and intellectual effort. Moreover, it could be claimed that corresponding policies and
regulations have more chance of success if they specifically target these key characteristics
of individuals.

To conclude, it was observed in this research, but also elsewhere within the litera-
ture, that certain personality types have a close relationship with urban sustainability
behavior [17,53–55]. This finding reveals the fact that political decisions as well as regula-
tory instruments need to take into consideration the differing personalities of the public.
Moreover, it can be deduced that successful urban sustainability behavior could be achieved
if these practices are adhered to. Finally, these political decisions and regulatory instru-
ments should be shaped to be synergistic with conscientious traits in the public and provide
an adequate intellectual background.

6.3. Socio-Demographics and Influencing Factors
6.3.1. Socio-Demographics and Determinants and Behavior
Age

Age has very little negative correlation with awareness and understanding, yet it
is a significant predictor of awareness and behavior. While age has negative association
with awareness, meaning that the younger generation has better awareness about urban
sustainability, it has a positive relationship with behavior. It is therefore possible to conclude
that although the younger generation is more aware of the sustainability as a result of
having better access to digital informative channels [56,57], the formation of behavior
and responsibility improves with the age of an individual [58,59]. In essence, this finding
implies that the older generation needs more informative interventions while specific
attention should be given to behavior formation of the younger generation in Turkey.

Gender

Gender had significant correlation with all determinants and behavior, the strongest
correlation occurring with awareness. On the other hand, gender had predictive power
only on awareness and perception. While male respondents had greater awareness than
females [43], female respondents scored better in perception than males [60]. Contrary to
the findings of several studies reporting the association between gender and sustainable
behavior [58,61], the results of this study did not indicate any significant relationship.
That said, the findings of the current study did reveal that females need to have more
access to informative activities and specific actions are required to increase their knowledge
and awareness level. Moreover, since the impact of women on the purchasing habits
of the household is considerable, their positive perceptions could be an advantage for
sustainability practices of the family unit in Turkey.

Education

Education had the strongest correlation with awareness (0.44) and resulted in signifi-
cant association with awareness alone. The relationship between awareness and education
echoes the findings of previous studies (for example, [43,62]) and is understandable consid-
ering the close relationship it holds also with gaining knowledge. On the other hand, the in-
significant association of education with perception [60], attitude [63], and behavior [64,65]
is contrary to the findings within the literature. Therefore, it could be inferred that current
educational content in Turkey is inadequate to improve urban sustainability understanding
and behavior. This includes better access to information tools, where the findings suggest
that curricula of high schools and higher education should be improved and amended in
order to enhance sustainability understanding and behavior.

Occupation

Considering the ANOVA test results along with the Tukey post-hoc test, it was found
that statistically significant differences occurred among occupation types. The most no-
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ticeable differences were housewives having a weaker degree of awareness than public
servants and private sector employees. Likewise, private sector employees had higher atti-
tude scores than housewives, unemployed people, and academics, thereby showing higher
levels of awareness and perception. These differences may simply be the result of people in
certain occupations simply not having much time to pay attention to sustainability issues,
as suggested by Barau [66].

Income

Income had moderate positive correlations with awareness and attitude, yet no ap-
parent correlation was found with behavior (see Table 7). On the other hand, there was
no significant association between income and any of the determinants and behavior pre-
sented in Table 12. Although income has been found to be both positively [43,63,64] or
negatively [60,67] associated with urban sustainability understanding and behavior within
the literature, it is evident from the findings of this research that there is no significant
association within the Turkish context. This emphasizes the context-sensitive nature of
sustainability behavior.

County of Residence

The ANOVA test results showed that the county of residence resulted in a statisti-
cally significant difference for determinants and behavior. It was observed that counties
which contain residents form lower socio-economic groups had higher levels of awareness,
perception, attitude, and behavior. For instance, Sariyer had lower awareness levels than
Gaziosmanpasa (0.99) and Umraniye (0.95); Sisli had a lower perception score than Bagcilar
(0.53); and finally, Kagithane (0.81), Sultanbeyli, and Gaziosmanpasa had better attitude
scores than many other counties. Although income alone did not present any association,
socio-economic condition seems to have an impact on sustainability understanding and
behavior. While better perception, attitude, and behavior in these areas can be as a result of
being exposed to the adverse effects of unsustainable urbanization, in line with the work
of Maiello et al. [68], the better awareness results were unexpected. The widespread use of
social media in all socio-economic spheres of Turkey may have been influential here.

Household Number

While the household number (i.e., occupancy rate) was not significantly correlated
with any of the determinants, it did have a moderately negative correlation with behavior.
On the other hand, the household number was positively associated with perception
(0.110). It was found that large families have better perceptions, which means that they
care more about urban sustainability. Therefore, it is important to reach the large family
units to encourage them to engage in improved behavior. Moreover, these families could
provide an opportunity to build upon the positive perceptions about sustainability—i.e.,
to engage individuals in the wider population. This finding resonates with the findings
of Waitt et al. [61], which stresses the importance of household number in successfully
advancing urban sustainability.

Length of Residency in Istanbul

Considering the length of residency, it was observed that positive correlations exist
with attitude and behavior. However, no predictive power was found as a result of linear
regression. As Rogers and Bragg [69] suggest, the length of residency is one of the major
contributors to an individual forming a place attachment. Subsequently, this may also
result in better urban sustainability understanding (and motivation), leading to responsible
environmental behavior for people in Turkey.

Political Orientation

The ANOVA test results demonstrated that there were significant differences among
different political orientations in relation to all determinants and behavior. However,
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perhaps remarkably, religious [43] and apolitical people were found to have lower scores
(on determinants and behavior) than left/socialists, social democrats, and Ataturkist
people. This is in line with the findings of Drews and van den Bergh [63], who reported
that religiosity and political orientation have a direct relationship with sustainability
understanding and behavior, not least in a Turkey context.

Residential Status

According to t-test results, no significant differences were found when considering
residential status. However, when applying standardized regression coefficients, it could be
seen that residential status had a significant impact on awareness. Additionally, landlords
were found to have greater awareness (0.127) than tenants. This is contrary to the findings
of Kang [51]. It is reasonable to suggest that investing in the purchase of a house increases
the awareness of individuals about the sustainability of the property—not least in terms
of the cost to run the property. Therefore, it might be a good idea to promote urban
sustainability with real estate advertisements since it is likely to be the best time for people
to engage with the subject, i.e., people are likely to be open to the receipt of information
due to their financial investment.

Size of House

The size of house that people live in has a significant positive correlation with aware-
ness and attitude. Similarly for linear regression results, the size of house has a predictive
power on attitude (0.90). While larger houses are mentioned within the literature as the
cause of unsustainable behavior, as a result of increased resource consumption [67], it
was found within this study to have a positive impact on the attitude of an individual
towards urban sustainability. This could be related to the socio-economic conditions of the
individuals, since a larger income (allied with a larger surplus income) also had a positive
correlation with attitude. However, it is possible to deduce that physical living conditions
of the individuals have a positive impact on attitudes of individuals. In other words,
improvement therein can enhance an individual’s urban sustainability understanding and
behavior. This should be carefully considered for urban planning policies in Turkey—not
least when it comes to urban regeneration and sustainable retrofitting. Exemplar projects
in terms of sustainability could make a step-change in this respect.

6.3.2. Influencing Factors and Determinants and Behavior

While the majority of the influencing factors have significant correlation with determi-
nants and behavior, their predictive power varies. Details for each influencing factors will
be given in the following sub-sections.

Awareness of Consequences

Awareness of consequences has been shown within this research to have strong
positive correlations with all the determinants and behavior. It was found to be one
of the most powerful influencing factors. Regarding the regression coefficients, it was
found to have strong impacts on awareness and attitude. As stated in norm-activation
theory by Schwartz and Howard [70], awareness of consequences leads to feeling of guilt.
Moreover, it also appeals to the rational thinking of individuals. Therefore, making people
aware of the consequences of unsustainable actions seems to have a huge impact on
making them aware of urban sustainability, forming an appropriate attitude and behaving
accordingly [14,44,47,57,71,72].

Habit

While unsustainable habits resulted in weak correlations with determinants, they
have a moderate correlation with behavior. However, no significant associations were
found. Therefore, habits may require consideration in terms of specific behavior types
to determine whether there are further associations. While unsustainable habits can be
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accepted as a threat for sustainable practices, they could also be seen as opportunities if
they are turned (nudged) into sustainable ones [17,57,58,73]. In so doing, it is important to
specify what types of urban behavior are related with habits of the people and how they
can they be channeled into sustainable forms through incentives and interventions.

Trust in Society

Trust in society had a moderate positive correlation with behavior, while in terms of
the regression coefficients, it was found that it has a negative association with attitude and
a positive relationship with behavior. It was observed that having confidence and trust in
the sustainability performance of the society that people live in could have a considerable
positive impact on their sustainability behavior. It is important to improve the overall
performance of society in terms of an individual sustainable behavior, but this requires
a significant level of trust being placed upon individuals. That said, there will always
be people who do not take their civic duties and social responsibilities seriously—these
individuals will behave badly, whatever the status quo [64,74].

Social Appraisement

Social appraisement (alongside trust in society) was found to be the other most
influential factor due to its very high correlations with all determinants and behavior.
Similarly, it was found to have predictive power on awareness, attitude, and behavior. It
can be argued that if people believe that behaving in a sustainable manner is good for
their social identity and their social environment approves of this behavior, they perform
well in terms of sustainable behavior [66,72]. Moreover, social appraisement increases the
awareness of individuals by their interaction within the society and in so doing this helps
the formation of highly positive attitudes [66,75]. Consequently, society as a whole should
be convinced of the importance of sustainability and likewise should be encouraged to
behave sustainably, modifying the existing (and sometimes entrenched) social norms. In
other words, sustainable behavior should become a new norm for Turkish society to ensure
the success of sustainability policies. For example, only 15 years ago, the UK made it illegal
for anyone to smoke in an enclosed public place and within the workplace; this is now
widely accepted as the new norm and has brought with it substantial health benefits to
individuals. Perhaps zero-emission cars and car-free neighborhoods/cities will be the new
norm of the future for sustainable urban areas—time will tell.

National Identity

National identity had positive correlations with determinants, especially attitude and
behavior. According to standardized regression coefficients, national identity was found to
have predictive power on attitude. As presented in Section 3.1, most of the respondents
identify themselves as nationalist, followed by conservative democrats, thus demonstrating
the importance of national identity. Therefore, announcing (national) macro-sustainability
strategies with emphasis on the national interest of Turkey could improve attitudes, which
in turn could encourage people to participate [51,76].

World Mindedness

The high correlation coefficients with all determinants and behavior, along with the
predictive power on perception, attitude, and behavior, indicates that having a world-
minded approach is very important for achieving urban sustainability, understanding
and behavior. It is therefore of the utmost importance to reference the international
policy and practices of sustainability when making and announcing sustainability policies
(and associated interventions). This echoes the work of Der-Karabetian et al. [77] who
suggested that the simple act of letting people know about what international standards
exist (for sustainability) and how they manifest into expected sustainability actions can
lead to a positive impact—the same is true for improving people’s urban sustainability
understanding and behavior.
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Place Attachment

While place attachment was found to have moderate positive correlations with deter-
minants and behavior, no significant association was found as a result of the regression
analysis. Although it is stated to have positive impact on sustainable lifestyles within the
literature [66,69], no significant impact was found in the Turkey context. That said, it might
also imply that the sense of belonging to the area people live in is low in many places
internationally. Therefore, by providing a better urban landscape, i.e., high-quality built
environment with more urban greenery, it would not be inappropriate to assume there
would be a stronger place attachment resulting in more sustainable behavior.

Health and Safety Concerns

Health and Safety concerns had a significant correlation only with attitude, while the
regression analysis demonstrated a significant negative association with perception and
a positive association with attitude. In other words it can be seen that people who are
worried about their health and safety mostly hold unfavorable perceptions about urban
sustainability—this is a finding shared by Noonan et al. [78]. On the other hand, their
attitudes also seem to be influenced positively from this concern [74]. Therefore, it might
be deduced that health and safety concerns could be beneficial to urban sustainability
(ultimately perhaps influencing behavior) as long as an attitude of self-preservation did
not ensue.

Willingness to Pay

It was found that willingness to pay had strong positive correlations with urban
sustainability understanding, i.e., all three determinants, and behavior. Similarly, regression
results illustrate that it had a positive impact on awareness, attitude, and behavior. Thus,
the more people improve their sustainability understanding and behavior, the more they are
ready to pay, and vice-versa [49,67]. Sustainability policies should therefore be presented
in a way that attracts people’s attention and persuades them that it is necessary for the
benefit of people and the planet to spend more in this arena. This requires the sustainability
benefits (to Turkish society as a whole) to be identified. For example, this highlights the
need for those who have the money to invest in more sustainable technologies, such as
electric cars, in order to reduce carbon emissions and other greenhouse gas and meet
international targets. This could be accompanied by a reduction in road tax for those
who adhere to the change and an increase in car tax for those who keep their older (more
polluting) vehicles. Likewise, sustainability grants, subsidies and loans would need to be
brought in to help those who need it (i.e., those who are willing but unable to pay).

Trust in Actors

While trust in actors (such as public authorities, academics, NGOs) had a weak
correlation with perception, attitude, and behavior, the regression analysis showed it had
a significant positive impact on attitude. Therefore, in order to improve the attitudes of
individuals and increase the success of policies, it is important that citizens should be
confident with and trust in the actors [74,79]. Transparency and the public communication
can be key factors for public authorities in Turkey to gain the trust of individuals.

Satisfaction with Built Environment

Satisfaction with the built environment had a weak to moderate correlation with
awareness, attitude, and behavior, yet no significant relationship was found as a result of
the linear regression tests. Although it was reported in the literature to have an impact
on sustainability behavior [46,80,81], this was not the case for the Turkey context. The
comments above made in relation to place attachment might therefore be echoed here.
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Availability of Public Facilities

With very similar responses to satisfaction with the built environment, the availability
of public facilities was also found to have a weak to moderate correlation with awareness,
attitude, and behavior, and no significant association with the linear regression tests.
However, this is contrary to what was previously reported in the literature, in which the
availability of public facilities was highlighted as having an impact on the perceptions and
behavior of individuals [46,74]. This could once again be related to the local context and
conditions of the areas surveyed.

Locus of Control

The locus of control (defined as being determined by one’s own behavior—internal
control—as opposed to outside forces such as other people or fate—external control) was
found to have a significant correlation only with urban sustainability perception, and
importantly, not behavior, while the linear regression analysis showed it to have a signif-
icant association with perception and attitude. Within the literature, it is suggested that
people who perceive themselves as having little or no control over the built environment
(in which they live) tend to have a more negative sustainability perception [17,43,44,61,71].
In other words, it was expected that people living in Turkey would tend to behave more
sustainability if they had an internal locus of control; however, this was not borne out
strongly by the results.

Trust in Science and Technology

Trust in science and technology was found to have a strong correlation with all deter-
minants and behavior. Moreover, it had significant positive association with perception and
attitude [63]. Therefore, it is possible to deduce that when people have confidence in science
and technology to solve environmental problems, they have more positive perceptions and
attitudes. However, this confidence may result in reluctance to take actions and behave
accordingly. Therefore, while technology should be utilized to improve the sustainability
understanding of individuals, it is important to stress both its limits and the significance
of individual practices towards the sustainability agenda. People should know also that
technology only helps to improve sustainability as long as they collaborate; hence, its direct
links with sustainable behavior cannot be ignored.

Human Priority

Having a human priority mindset holds negative correlations, especially with attitude
and behavior. On the other hand, no significant associations were found with any of the
determinants and behavior. Therefore, it can be assumed to be beneficial to convince people
about the importance and priority of nature and its balance with humanity [60,75].

Prosperity Perception

Favoring personal prosperity over urban sustainability was found to be negatively
correlated with attitude and behavior. On the other hand, it did not result in any predictive
power on any of the determinants and behavior. The strongest correlation was found with
attitude, which means that a person who prioritizes his/her own interests has strongly
negative attitudes towards urban sustainability [63]. Keeping in mind the self-centered
nature of some people within society, it is therefore important to stress both the short-
and long-term benefits (and prosperity) of making sustainable choices rather than the
short-term impacts alone.

Perception of Economic Growth

Similar to prosperity, the perception of economic growth (in relation to urban sustain-
ability) was found to have strong negative correlations with attitude, alongside weaker
negative correlations with awareness and behavior. Moreover, standardized regression
showed it to have a negative association with attitude. Therefore, it can be deduced that
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people who favor economic development generally hold negative attitudes towards sus-
tainability [63]. In order to overcome this, the economic benefits of urban sustainability
need to be explicitly addressed in the relevant policies and interventions.

Willingness to Sacrifice

Willingness to sacrifice was found to have significant moderate correlations with all
three determinants and behavior. Moreover, standardized regression coefficients showed
that it had strong predictive power on awareness and perception. People who are not ready
to forego certain actions associated with their patterns of living are therefore expected
to have lower levels of awareness and perception, and accordingly, are not expected to
perform well in terms of their behavior. Along with the other factors, it is important
to encourage people to make sacrifices willingly, rather than reluctantly (by force) [61].
In order to persuade them, other positive perspectives and future benefits of creating
sustainable urban areas should once again be emphasized.

Ascription of Responsibility

Although the ascription of responsibility was found to have a significant (weak)
correlation only with perception and a weak correlation with behavior, it was found to
have strong predictive power on awareness, perception, and attitude [16,47,82]. However,
unlike other determinants, the impact of the ascription of responsibility was negative on
awareness. This result means that although people who take responsibility may hold
relatively low awareness, they are likely to have better sustainability perceptions and
attitudes.

6.3.3. Summary

It can be concluded that sustainability understanding and behaviors have a very
complex and context-sensitive relationships with a wide range of influencing factors. As
stated in Topal et al. [35], this context-related nature of urban sustainability behavior
requires distinctive efforts with a flexible method to understand, which is implemented in
this study. According to the findings, while socio-demographic variables were found to be
mostly influential on the awareness and perception of individuals, other influencing factors
had a considerable impact on all determinants (i.e., awareness, perception, and attitude)
and behavior. Amongst the many influences, the most influential factors on determinants
of urban sustainability were identified to be education, age and gender, awareness of
consequences, social appraisement, world mindedness, willingness to pay, locus of control,
trust in science and technology, willingness to sacrifice, and ascription of responsibility.
On the other hand, for behavior, it was found that factors of age, habit, trust in society,
social appraisement, world mindedness, and willingness to pay and trust in science and
technology had the most significant associations.

6.4. Recommendations

The findings of the study could have significant policy implications. By providing a
systematic and organized approach, the framework has proved capable of evaluating the
sustainability understanding and behavior in an urban context.

The fundamental outcome of the research is that each of the determinants of urban sus-
tainability understanding must be treated separately, and customized approaches should
be developed in order to improve sustainability behavior. Moreover, political decisions and
corresponding regulative instruments must consider the impact of personality types within
society and individual personality traits on their likely efficacy. Importantly, the wide
range of different and distinct factors have intertwined effects (i.e., they are interdependent
in different and complex ways), meaning that all should be specifically identified and
assessed diligently, both individually and in combination, via a holistic approach based on
the local context and conditions.
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Regarding policy implications, those responsible for governance must treat each and
every element of urban sustainability understanding and behavior as equally important.
People’s awareness about sustainability should be targeted as a precursor for improving
their perceptions and attitudes in relation to general and specific sustainability issues. It is
of crucial importance to target the awareness of individuals by improving their knowledge
via: (i) educational content in schools and universities, and (ii) advertisements and training
opportunities with the help of institutional tools. Based on the findings of the impact of
personality types on sustainability understanding and behavior, it is possible to deduce that
the content of these efforts should not be intellectually demanding if they are to resonate
with the public. However, subjects should be prepared conscientiously, and provided with
necessary justifications, in order to result in positive behavioral outcomes.

As noted within the literature, many variables are important in the prediction of urban
sustainability awareness, perception, attitude, and behavior. However, particular situations
need specific approaches. In the Turkish context studied herein, while females and older
generations require more informative interventions, younger generations need encourage-
ment to improve their behavior. Therefore, inclusive activities that target the youth have
better chances of success if they result in practical outcomes such as: (i) public contests
(or challenges), either in physical or digital world, and (ii) sustainability projects in high
school and university curricula. Since people who are exposed to unsustainable outcomes
and negative consequences in their living environment have better understanding and
behaviors, municipalities should clearly indicate the connections between these outcomes
and unsustainable practices in order to direct people towards desired actions.

In terms of the social environment at the micro- and macro-level, cultural codes, trust,
social appraisement, and identity were found to be distinctive variables. In order to gain
the trust of individuals, governmental actors have to provide transparent and inclusive
policy-making procedures. With the help of district municipalities and digital tools, such as
social media, participation of the public in decision-making processes about sustainability
issues needs to be enabled. Similarly, up-to-date conditions and achievements can be
shared to gain the trust about the ongoing practices. By doing so, individuals can be
encouraged to participate in sustainable behaviors in their private spheres. Moreover, in
order to improve trust in society, neighborhood-based sustainability activities organized
by local authorities should be organized. With the help of these micro efforts, it would be
possible to change the socio-cultural norms in favor of sustainability, which in turn could
boost social appraisement mechanisms in relation to sustainability issues. It is of the utmost
importance to provide an effort–reward system to support such micro social improvements.

7. Conclusions

7.1. Key Findings

The main aim of this research was to explore the urban sustainability understanding
and behavior of the public. This study is unique since it has adapted a novel conceptual
framework and applied it to the context and local conditions of Istanbul in Turkey. The
influencing factors considered constitute a comprehensive list with an urban focus. Con-
trary to earlier research (which adopts either environmental or psychological approaches),
this research has adopted a synthesized approach that puts urban sustainability at the very
core. Overall, the conceptual framework proposed was found to be promising in terms of
its ability to identify urban sustainability understanding and behavior, while also being
able to cast light on the impact of a range of personality traits and influencing factors. The
main findings of the research can be summarized as follows:

• Determinants: the statistical analysis on the 535 responses to sets of detailed questions
on urban sustainability showed that the average awareness score of respondents was
lower than perception and attitude scores. While respondents were found to be more
aware of local sustainability issues than anticipated, they readily identified that educa-
tional opportunities needed improvement. Although sustainability was perceived as
more of an environmental issue, respondents were able to distinguish between the
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importance of sustainability and the appropriateness of their behavior to advancing
the cause of sustainability. Respondents were also found to hold positive attitudes in
relation to taking responsibility for and contributing to urban sustainability. Bivariate
analysis showed that although the correlations between awareness–perception and
perception–attitude were broadly similar, the correlation between awareness–attitude
was found to be stronger. Regarding the predictive power revealed by the multivariate
linear regression analysis, awareness was found to impact upon both perception and
attitude, yet there was no significant association between perception and attitude.

• Behavior: the overall behavior scores of the respondents produced a promising mean
value (3.63). Furthermore, the bivariate analysis showed strong correlations with both
awareness and attitude. The multivariate linear regression analysis demonstrated that
all three determinants (awareness, perception, and attitude) had significant predictive
power on behavior.

• Personality traits: the respondents as a whole were found to have both agreeable
and conscientious natures. Surgency and intellect personality types were found to
be highly correlated with awareness, while agreeableness and conscientiousness had
strong correlations with awareness and perception. Similarly, behavior was found to
have the strongest correlation with conscientiousness, closely followed by agreeable-
ness and intellect. Additionally, people who had more intellectual personality traits
resulted in them having better (sustainability) awareness and behavior. Likewise,
an agreeable and conscientious personality was found to have positive impacts on
sustainability behavior.

• Influencing factors: it was noticeable that while the factors of awareness of conse-
quences, social appraisement, national identity, world mindedness, willingness to
pay and trust in science and technology had the strongest correlations with the three
determinants and behavior, having a human priority mindset and favoring personal
prosperity resulted in strong negative correlations with attitude. Additionally, place
attachment was strongly correlated with behavior. In terms of predictive associations,
awareness of consequences, social appraisement, world mindedness, willingness to
pay, locus of control, trust in science and technology, willingness to sacrifice, and
ascription of responsibility were observed to be the most influential factors on the
determinants of awareness, perception, and attitude. Furthermore, attitude was the
most easily predicted determinant by influencing factors. In terms of behavior, it was
found that habit, trust in society, social appraisement, world mindedness, willingness
to pay, and trust in science and technology had the most predictive power.

• Socio-demographic factors: while males were more aware of urban sustainability, age
was negatively correlated with awareness. Interestingly, education and income were
positively correlated with all of the determinants, yet behavior had no correlation with
income and a positive correlation with education. In terms of occupation, housewives
and unemployed people had weaker awareness and attitudes than those in other
occupations. Moreover, people who live in socio-economically more deprived areas
produced higher scores for the determinants and behavior. Similarly, both apolitical
and religious people were found to have weaker urban sustainability understanding
and behavior than Ataturkist, left/socialist, and social democrats. In terms of pre-
dictive power, older ages and being female were found to have negative impact on
awareness. However, while age had a positive impact on behavior, being female had
a positive impact on perception. Moreover, landlords were found to be more aware
while inhabitants of bigger houses had better attitudes.

7.2. Recommendations for Future Research

As a result of this study, some potential avenues for future research on urban sustain-
ability understanding and behavior have been identified. These are:

• The understanding and behavior of urban sustainability have been explored according
to the main determinants specified in the conceptual framework. However, there
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are several sub-determinants that could be considered for deeper investigation, such
as knowledge, concern, value–belief, and personal norms [35]. Moreover, further
investigation into the different urban sustainability behavior types (such as economic,
environmental, and social urban sustainability behaviors) would provide valuable
insights and a customized approach.

• Although quantitative approaches provide ease, accuracy, and generalizability of
analysis, it can be valuable to explore urban sustainability understanding and behavior
of individuals in qualitative ways. For instance, in-depth interviews, focus group
discussions, or even observations, could provide alternative insights.

• The scope of the current study was the macro-scale, which concentrates on the whole
city. However, the conceptual framework could be applied to local contexts and at
micro-scales, such as the district, county, or even neighborhood level. This would have
the potential to enable local authorities to better identify local needs and problems.

• There would be a benefit in conducting further intra- and international comparisons
among urban areas in order to identify different urban characteristics and particular
differences among various geographical regions and cultures. Therein, it would be
interesting to see how developed and developing countries differ, and to interrogate
those distinguishing characteristics that are most influential on urban sustainability
behavior within each setting.

• The proposed conceptual framework provides a flexible and adaptable option for
different case study areas due to the wide range of influencing factors that interact with
determinants and behavior. Although an extensive list of factors has been tested within
this research, it is possible to customize the influencing factors for different regions.
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Appendix A.

Appendix A.1. General Information

The questionnaire starts with a wide range of socio-demographic questions. This
helps to better understand the general characteristics, background information and rep-
resentativeness of the respondents within the study area. Moreover, it was necessary to
capture this information in order to subsequently compare and contrast the effects of the
demographic characteristics on urban sustainability understanding and behavior. Hence,
the questions first looked to identify the most frequently asked characteristics within any
questionnaire: age, gender, education level, occupation, and monthly income. Furthermore,
since the study was conducted at a city scale, respondents were asked which county they
lived in—this facilitated making comparisons between different regions. Household char-
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acteristics were also investigated through use of specific questions, such as: (i) number of
people living in the household, (ii) residential status, and (iii) approximate size of home.
These were followed by questions that identified the length of time resident in Istanbul
and probable (or likely) future residency. Finally, political orientations of individuals
were solicited.

Appendix A.2. Sustainability Understanding

Socio-psychological determinants of urban sustainability understanding were inves-
tigated using three sub-sections containing individual questions. All questions herein
employed the standardized Likert type scale (see [83]). This section started with ques-
tions that assess the general ‘awareness’ of respondents of/to sustainability. As such,
respondents were asked to rate their knowledge about urban sustainability, sustainable
behavior, and familiarity with different sustainability concept(s). In the second sub-section,
the ‘perceptions’ of individuals about urban sustainability and sustainable behavior were
evaluated. This sub-section consisted of four questions that ask about the respondent’s
approach to urban sustainability and sustainable behavior, how they rate the importance
of urban sustainability, and the appropriateness of their behavior in terms of sustainability.
In the last sub-section, the ‘attitudes’ of the respondents were explored. Respondents were
asked to rate five statements relating to: (i) environmental limits; (ii) (contributing to)
the sustainable city; (iii) environmental responsibility, (iv) economic problems (related to
unsustainable urbanization), and (v) sustainability laws and regulations.

Appendix A.3. Sustainability Behavior

In this section respondents were asked to rate (using a Likert scale) 18 statements
which belong to the different core elements of sustainability of personal, social, environ-
mental, economic, governance, infrastructural, and technological aspects of sustainable
behavior. This section started by assessing the individual efforts respondents took in
respect to adopting sustainable behavior—in their personal area and also their social en-
vironment. Following this, their social behaviors were evaluated by asking about their
practices pertaining to social issues within their living areas. Their environmental behaviors
were subsequently evaluated by identifying relevant topics, such as ‘repair, reuse, recycle’,
and green areas. For economic behavior, both resource efficiency and minimization behav-
ior were assessed. Likewise, governance behaviors were determined by asking whether
respondents participate in or are paying due obedience to related policies and regulations.
Finally, the actions of individuals were evaluated in terms of both infrastructural and
technological sustainability areas.

Appendix A.4. Influencing Factors

In this section, respondents were asked to rate (using the same Likert scale) 19 influenc-
ing factors of urban sustainability understanding and behavior. These questions were again
specified based upon the literature review performed by Topal et al. [31]. The influencing
factors were: awareness of consequences; habits; concerns for social appraisement, and
for health and safety; trust in actors, society, and science and technology; national and
global identities; place attachment; willingness to pay and sacrifice; prosperity, economy,
and human priority perceptions; availability of public facilities; satisfaction with the built
environment; locus of control; and ascription of responsibility.

Appendix A.5. Personality Traits

Five personality types, also specified according to findings from the literature search,
were investigated here. The five major personality types adopted were [84]: surgency,
agreeableness, conscientiousness, emotional stability, and intellect. Each group consisted
of five statements to be rated in using a five-point Likert scale.
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30. Yurttaş, A.; Çağlar, A. The attitudes of governmental officialin terms of sustainable environment. Int. Electron. J. Environ. Educ.

2019, 9, 142–156.
31. Topal, H.F.; Hunt, D.V.L.; Rogers, C.D.F. Urban Sustainability and Smartness Understanding (USSU)—Identifying Influencing

Factors: A Systematic Review. Sustainability 2020, 12, 4682. [CrossRef]

190



Sustainability 2021, 13, 7711

32. Sharifi, A.; Dawodu, A.; Cheshmehzangi, A. Limitations in assessment methodologies of neighborhood sustainability assessment
tools: A literature review. Sustain. Cities Soc. 2021, 67, 102739. [CrossRef]

33. Bayulken, B.; Huisingh, D.; Fisher, P.M.J. How are nature based solutions helping in the greening of cities in the context of crises
such as climate change and pandemics? A comprehensive review. J. Clean. Prod. 2021, 288, 125569. [CrossRef]

34. Morano, P.; Tajani, F.; Anelli, D. Urban planning decisions: An evaluation support model for natural soil surface saving policies
and the enhancement of properties in disuse. Prop. Manag. 2020, 38, 699–723. [CrossRef]

35. Topal, H.F.; Hunt, D.V.L.; Rogers, C.D.F. Exploring Urban Sustainability Understanding and Behaviour: A Systematic Review
towards a Conceptual Framework. Sustainability 2021, 13, 1139. [CrossRef]

36. Lynch, A.J.; Mosbah, S.M. Improving local measures of sustainability: A study of built-environment indicators in the United
States. Cities 2017, 60, 301–313. [CrossRef]

37. Wakita, T.; Ueshima, N.; Noguchi, H. Psychological Distance Between Categories in the Likert Scale: Comparing Different
Numbers of Options. Educ. Psychol. Meas. 2012, 72, 533–546. [CrossRef]

38. Johnson, R.B.; Christensen, L. Educational Research: Quantitative, Qualitative, and Mixed Approaches; SAGE Publications Inc.: New
York, NY, USA, 2019; ISBN 1-5443-3785-X.

39. Field, A.P.; Miles, J.; Field, Z. Discovering Statistics Using R; Sage: London, UK; Thousand Oaks, CA, USA, 2012;
ISBN 978-1-4462-0046-9.

40. Cordano, M.; Welcomer, S.A.; Scherer, R.F. An analysis of the predictive validity of the new ecological paradigm scale. J. Environ.
Educ. 2003, 34, 22–28. [CrossRef]

41. Hair, J.F. (Ed.) Multivariate Data Analysis, 7th ed.; Pearson: Harlow, UK, 2014; ISBN 978-1-292-02190-4.
42. Goldberg, L.R. The development of markers for the Big-Five factor structure. Psychol. Assess. 1992, 4, 26. [CrossRef]
43. Guo, D.; Cao, Z.; DeFrancia, K.; Yeo, J.W.G.; Hardadi, G.; Chai, S. Awareness, perceptions and determinants of urban sustainable

development concerns—Evidence from a central province in China. Sustain. Dev. 2018, 26, 652–662. [CrossRef]
44. Tran, K.C. Public perception of development issues: Public awareness can contribute to sustainable development of a small island.

Ocean Coast. Manag. 2006, 49, 367–383. [CrossRef]
45. Buerke, A.; Straatmann, T.; Lin-Hi, N.; Müller, K. Consumer awareness and sustainability-focused value orientation as motivating

factors of responsible consumer behavior. Rev. Manag. Sci. 2017, 11, 959–991. [CrossRef]
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Abstract: In view of the problem of e-commerce scams and the absence of haptic interaction, this
research aims to introduce and create a tele-weight device for e-commerce shopping in smart cities.
The objective is to use the proposed prototype to provide a brief overview of the possible technological
advancements. When the tele-weight device is affixed over the head-mounted display, it allows
the user to feel the item’s weight while shopping in the virtual store. Addressing the problem of
having no physical interaction between the user (player) and a series game scene in virtual reality
(VR) headsets, this research approach focuses on creating a prototype device that has two parts, a
sending part and a receiving part. The sending part measures the weight of the object and transmits
it over the cellular network to the receiver side. The virtual store user at the receiving side can thus
realize the weight of the ordered object. The findings from this work include a visual display of
the item’s weight to the virtual store e-commerce user. By introducing sustainability, this haptic
technology-assisted technique can help the customer realize the weight of an object and thus have
a better immersive experience. In the device, the load cell measures the weight of the object and
amplifies it using the HX711 amplifier. However, some delay in the demonstration of the weight
was observed during experimentation, and this indirectly altered the performance of the system.
One set of the device is sited at the virtual store user premises while the sending end of the device is
positioned at the warehouse. The sending end hardware includes an Arduino Uno device, an HX711
amplifier chip to amplify the weight from the load cell, and a cellular module (Sim900A chip-based)
to transmit the weight in the form of an encoded message. The receiving end hardware includes a
cellular module and an actuator involving a motor gear arrangement to demonstrate the weight of
the object. Combining the fields of e-commerce, embedded systems, VR, and haptic sensing, this
research can help create a more secure marketplace to attain a higher level of customer satisfaction.

Keywords: PCB shield; HX711; amplifier chip; Sim900A; e-commerce; virtual store; firmware;
embedded system; virtual reality and haptic sensing

1. Introduction

Smart cities are a decisive upheaval, and the perception of a smart city is akin to a rum-
mage sale for the urban and developed vision in which diverse electronically progressive
approaches, practices, and sensor networks are cast-off to collect data and manage assets
within a city including transportation systems, water supply networks, traffic system, infor-
mation system, power grids, and other community services by the local government [1–3].
The goals of smart cities are to improve the quality of life by using technologically ad-
vanced tools, techniques, and methods. Data visualization, modeling, management, and
e-commerce sectors are essential fragments of smart cities, and planning professionals
are looking for state-of-the-art real-time simulations. In this current “what if?” situation,
impact analysis requires a huge number of resources, and both virtual reality (VR) and
virtual stores are the potential tools to address the upcoming challenges in smart cities [4,5].
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Developers have been working for many years to create new VR-based systems.
However, due to the inclusion of haptic devices, sensor actuators, and improved realistic
graphics in the last decade, the developed VR systems have undergone a technical evo-
lution with improvements in telepresence and immersion [6]. A VR platform generates
a computer-simulated environment that is fostered and assisted by the head-mounted
display (HMD), which utilizes a manipulator in an immersive environment. VR is broadly
used for cognitive purposes in various industries in the fields of engineering, architecture,
and medicine [7–9]. It is assimilated with other fields and innovations as a supporting
technique. For instance, surgeons who treat patients undergoing VR have gained admira-
tion [10,11].

Software makers are also in the perspective of introducing virtual stores where con-
sumers can enter the virtual stores and visualize the dimensions and usability of an item
prior to purchasing it [12]. A virtual shopping store is a computer-simulated store where a
handler can envisage, feel, and interact with the products and items in the store. Implemen-
tation of the virtual store can be a breakthrough in the e-commerce market. Other famous
terms for virtual stores are cybernetic stores and computer-simulated 3D spatial stores [13].
In current e-commerce stores, one of the recorded fraudulent activities is the delivery of an
ordered item different from that itemized in the e-commerce store [14–17]. Needless to say,
a virtual store can spark a revolution in the e-commerce industry by not only altering the
way of shopping but also by making it secure. Haptic devices make physical interaction
possible between a human and a computing device by means of sensors and actuators.
Humans can interrelate with haptic devices to deliver programming instructions and,
correspondingly, schedules can be employed to extract essential information via a haptic
interface [18–20].

The tele-weight device is evaluated in this project. Overall, the tele-weight device
project is split into two sections. One part of the device measures and records the object
weight ordered on the virtual store and sends the encrypted value of the weight as a short
message service (SMS) over the cellular network. The extra end receives the encrypted
SMS, decrypts it, and illustrates the weight materially using motor gear (actuator) motion.
The objective is to improve the immersive shopping experience of the e-commerce user.

VR headsets (e.g., Oculus Rift, HTC Vive, etc.) provide an interactive 3D graphical
experience to the wearer, but at present there is no way to interact physically with the run-
ning simulation. This study addresses the problem of creating interaction and introduces a
tele-weight device that allows the weight to be shown materially. This is done to improve
the immersive experience of the user while shopping in a VR store. Load cells are common
devices used to measure the weight of an object and have been used in this research [21].
Load cells measure the weight of an object (usually of order 10−6 V), and the measured
weight is amplified using an HX711 amplifier. Upon amplification, the obtained weight is
transmitted to the receiver end where the e-commerce customer can realize the weight of
the object to have a more immersive VR experience.

The objective of this research is to present a haptic device named “tele-weight” whose
resolution is to enable consumers to feel the weight of the product ordered in the virtual
shopping store. Moreover, the customers can feel the weight physically upon selecting an
item in the virtual store. By having a weight-based assessment along with the displayed and
delivered item, the customers will be able to identify the authenticity of the merchandise.
For the prototype highlighted in this research, the weight is measured from one end and
then the attained value is sent to the receiver end hardware with the help of the cellular
module. This exploration work focuses on fashioning a prototype that can demonstrate
weight realization in combination with the immersive ability to visualize the object. Weight
realization, together with immersive VR, can enhance the shopping experience of users. To
create a simple example, one set of the hardware is assumed to be in a warehouse in China
while the other part of the device is observed to be in a technical store in Jeddah.
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2. Literature Review

2.1. Smart Cities, Sustainability, and Inclusion of Virtual Reality

Smart cities are described according to the classification system model and established
on six pillars: smart social and mobility system, intelligent urban management, smart
economic environment, dedicated lawful structure, smart e-governance, and sustainability
of lifestyle. Gómez et al. define a smart city to be a city occasioned from urban development
exploitation sensors and scientifically unconventional tools and systems [22]. Azraff Bin
Rozmi, et al. [23] state that sustainability deals with the intricate relationship between the
survival of human life in accordance with changes in the economy, culture, government
policies, and infrastructure in an urban milieu [24].

Proposals for smart cities are frequently rehabilitated, bearing in mind the cyclic
process in harmony with the decision-makers views to implement pioneering solutions
anticipated by connoisseurs and relevant mavens. Alessandro et al. endorsed that the
sequence of a system with the connectivity of haptic devices, machine learning, VR, and
artificial intelligence needs to be adopted while creating forthcoming verdicts in smart
cities [25,26]. Gaffary, et al. [27] propose that the advent of VR and haptic devices can effec-
tively assist urban planners in smart cities in decision making and introducing innovations.
The interaction between the components in a smart city framework is shown in Figure 1.

Figure 1. Smart city framework.

According to Akhtar, et al. [28], VR systems will be an integral part of the smart city con-
cept and might assist in replacing mass tourism with digital tourism. Paszkiewicz, et al. [29]
term the usage of VR systems as the best option to teach industry 4.0 standards in engineering
education. Nasralla [30] uses the term virtual smart cities and states that a sustainable VR
patient rehabilitation system should be created using IoT technology and machine learning
on time series to identify features that support sustainability and rapidly detect problems
without interrupting rehabilitation services. Ospina-Bohórquez, et al. [31] suggest that the
synergy between VR and multi-agent systems is a pathway to accomplish sustainability in
a smart city framework.

2.2. Proprioceptive Haptic Devices

Rossi, et al. [32] revealed that haptic devices operate based on the instructions provided
to them and work on the proprioceptive feedback topology. Proprioception, from the Latin
terms “prospruis” (one’s own) and “căpio” (to attain), is the aptitude of the maneuver to obtain
the activity information of the body. The authors further emphasize that the inclusion of
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proprioceptive feedback into the haptic interface can avoid the visual contact problem [33–35].
In their work, the researchers introduced a novel design termed “HapPro design” for the
haptic device. The device is in the form of an arm that can be used on persons with
disabilities to assist them in performing their tedious responsibilities. In designing the
“HapPro”, both the linear and angular physical quantities are considered. The control
strategy of the “HapPro” includes haptic feedback on the human EMG signal that helps
control the soft hand placed on persons with disabilities. Experimental protocol and
results present improvements in control with and without logarithmic mapping. With
logarithmic mapping, efficiency is boosted from near 40% to around 80%, thereby doubling
the improvement.

Sierra M, et al. [36] showed the application of the haptic interface in prosthetics.
Shi, et al. [37] proposed the application of the haptic interface device and used both the
purely mechanical system and the coupled hydraulics-based mechanism. The results
indicate that the hydraulic and fluid flowing systems can be used in haptic feedback.
Pistohl, et al. [38] show the control of a cursor on the desktop screen via EMG sensor
signal with and without a proprioceptive feedback approach. The EMG signal is measured
from the muscles of the left hand, and proprioceptive feedback is obtained from the right
arm. The results showed that additional feedback is not required when the proprioceptive
approach is used. However, in the present research, a haptic device is introduced that has
the ability to assist customers in virtual stores since the weight of the object being ordered
can be realized to have some influence on the perception of the product. This approach is
useful to improve the satisfaction level of e-customers.

2.3. Concept of “Heaviness and Lightness”: Load Cell Development

The notion of “heaviness and lightness” was first deliberated in the 6th century by
the ancient Greek philosopher Plato. According to Georgakopoulos and Quigg [39], Plato
termed weight to be the natural propensity of an object, and this physical property of
heaviness and lightness is associated with all objects on earth. Later, Euclid of Alexandria,
renowned as the “father of geometry,” became the foremost Greek mathematician who
described weight to be “the heaviness or lightness of substances relative to other substances
and is measured by a balance.” Brain Bowers specified that in the 17th century, a major
advancement was recorded when Galileo proposed a scheme to measure the weight of
a stirring object. In due course, Galileo figured out that weight was proportionate to
the extent of substance in an entity. In modern science, the weight (vector quantity; the
direction toward the earth’s center) is thought to be the force resulting from gravitational
action, whereby mass (scalar quantity, no direction) is equal to the matter quantity in an
object. Sumit and Akhter [40] detailed that the primary maneuver to ration the weightiness
of a body was christened as “Spring Balance” and was formed in 1770 by Richard Salter in
Britain [41].

According to Ackerman and Seipel [42], in 1843 a British physicist named Sir Charles
Wheatstone assembled a device dubbed as the “Wheatstone Bridge.” The created device
was capable of computing an unknown resistance magnitude. Far along in the 19th
century, strain gauges were industrialized. By means of the latest expertise at that time,
the perception of fabricating a load cell with a Wheatstone bridge arose into training.
Replacing one leg resistor in the Wheatstone bridge with piezoelectric substantial resulted
in varying voltages that corresponded to the applied weight. Bar, et al. [43] depicted that
“variation in weight resulted in voltages across the Load cell terminals” is the approach
that is eliminated nowadays in almost every weight measuring device. As the object is
placed on one of the bridge’s leg, the corresponding voltage fluctuates and the modification
in voltage is amplified and processed in a microprocessor device across some typical scale
to acquire the exact weight value of the object. This principle of load cell composition is
used in the tele-weight device.
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2.4. Virtual Reality Stores for E-Commerce

VR has recently become a trend in shifting technology. Over the last few years, it has
been used for cognitive purposes. However, topical enhancements in half-life [44] and
gaming engines have shifted the trend in fashioning VR stores to provide a better shopping
experience. According to Hung, et al. [45], virtual stores are gaining in popularity and
people are choosing to have a virtual shopping environment. Huang, et al. [46] suggested
that considering all the impending trends and gaining customer satisfaction is imperative
for the e-commerce market to meet errand requirements. Scarle, et al. [47] indicated that
fraudulent activities are gaining a new level along with the trend.

One primary problem highlighted in this research is that the current virtual store
experience is not immersive, and even with the utilization of haptic sensing e-commerce
customers are unable to have a better overview of the object prior to purchasing. The key
goal of this research is to introduce the idea of a tele-weight device that can enhance the
user’s immersive experience by letting the customer realize the weight of an item ordered
in the virtual store. The idea is implemented in the form of a prototype, and the relevant
details and results are discussed in this work.

With the help of the tele-weight device, an approach is indicated to allow e-commerce
users to realize the weight of an object to have a better immersive experience while
shopping in VR stores. The tele-weight device can be used in future HMD devices to
achieve a better immersive shopping experience.

This research aims to create a tele-weight device that can be mounted over the HMD
display and can display the weight of the item from the virtual world to the user, thereby
allowing the user to have haptic interaction with the objects from the VR series game
simulation. To demonstrate the accuracy of the tele-weight device, a prototype is created
and an experiment is performed to collect data. The difference between the sent and
collected weight demonstrates the overall accuracy of the device.

3. Methodology and Analysis

3.1. Working Principle of the Tele-Weight Device

The original aim for the tele-weight device is to be affixed over the HMD display and
show the weight of the object. From the virtual store perspective, the cart item weight can
be demonstrated to the user and, in this way, the customer can realize and interact with the
item’s equivalent weight in a haptic manner (Figure 2). The tele-weight device shows the
weight of the item ordered by the customer in the virtual store. First, a user chooses the
item, perceives it on the VR display, and then the sensor system takes command from the
virtual store PC (sending end) and displays the equivalent weight (receiving end). This
approach can also determine the shipping weight and cost prior to purchasing an item.

To determine the accuracy of this approach, a prototype comprised of two parts was
created. At the receiving end side, a motor and gear arrangement was used to show the
weight to the user. Therefore, the difference between the obtained weight and shown
weight must be obtained to figure out the effectiveness.

3.2. Hardware Design for Performance Evaluation

The tele-weight haptic device prototype created for this research is divided into two
portions. For the sake of simplicity, one side is labeled the sending end and the other side
the receiving end. The circuitry at the sending end side (Figure 3) comprises a programmed
set of Arduino family device, an HX711 amplifier chip, and a Global System for Mobile
Communications (GSM) module [48]. The sending end circuit is programmed to send
encrypted weight coded text messages over a cellular network, and these messages are
received and decoded by the receiving (other) end. The circuit at the receiving end (Figure 4)
involves a programmed (firmware installed) Arduino family processor, a custom-built
motor driver, a Sim900A module, and a dc brushless motor with a gear chain mounted
on the shaft. The projected archetype can demonstrate the mass equivalent of up to 5 kg.
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The weight of the object under 5 kg is sent in an encrypted format to the receiving side by
pressing a button.

Figure 2. Tele-weight: virtual store concept diagram.

Figure 3. Diagram for proposed sending end (tele-weight hardware).

A limited weight displaying prototype is created because a weight over 5 kg can
make the headset heavy, causing neck injury. Haptically feeling the weight of the item
together with immersive visualization can allow the user to get a better idea about the
in-hand (holding) experience of the item. This function not only enhances the customer’s
shopping experience by adding sustainability in the approach but also allows them to
interact physically with the equivalent load in their hands. For this project, the approach to
evaluate the created prototype is shown in Figure 5. At first, a prototype is created and
then experimentation is performed on the hardware in the form of repeated trials to obtain
estimation regarding the confusion matrix, accuracy, coverage range, and time factor.
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Figure 4. Diagram for proposed receiving end (tele-weight hardware).

Figure 5. Overview (diagram) of the experimental approach.

4. Results

A tele-weight device is proposed in this research. The objective of this device is to
assist the customers in feeling and realizing the weight of an object. The customer can order
any item on a VR store by visualizing the item, and during the process of visualization, the
gear chain on the motor can make the customer feel the weight of the object at their hand.
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Tele-weight is a haptic device that can interact with the customer according to their actions
on a computer. The sending end prototype (Figure 6) weighs the object, and the circuitry
includes a weight sensor, a microprocessor, and a GSM message sending module. The
message sending module sends the encrypted message, which is received by the receiving
side (Figure 7) and decrypted. The corresponding weight is then shown accordingly.

Figure 6. The schematic diagram for the sending end (tele-weight hardware).

Figure 7. The schematic diagram for the proposed receiving end (tele-weight hardware).

Some degree of error was recorded in reading the measurement and in the demonstra-
tion end. A total of eleven trials were recorded, and the current prototype was observed
to have some sort of error and thus requires tuning. Owing to the uniform distribution
of the weight on the gear, inaccuracy in grams was recorded in the measurement. As the
prototype system can show any value between 0 and 5 kg, the results of ten trials are shown
in Figure 8.

As the sensors used in the prototype has a limit of 5 kg, therefore, trials were performed
from 0 to 5 kg weight with a 0.5 kg decrease in each interval. In the first trial, the weight
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was set to be 5 kg at the sending end side and receiving end demonstrated a weight of
4.93 kg with 98.6% accuracy. The highest accuracy of 99.71% was achieved in the second
trial where 4.5 kg weight was displayed with a positive error of 0.29% and a 4.513 kg weight
value at the receiving end. The lowest accuracy of 96% was obtained on the tenth trial
where a 0.5 kg weight was displayed on receiving end as 0.48 kg with a 4% error margin.
The measured weight, displayed weight, and percentage error are shown for eleven trials
and, from the Figure 8 results, it can be seen that the error never exceeded 4% for any of
the individual trials. Another important thing to notice is that as the weight increases, the
error value goes down comparatively.

Figure 8. Results from ten trials having a value between 0 and 5 kg.

5. Performance Evaluation of Haptic Tele-Weight

5.1. Performance Evaluation I: Confusion Matrix and Accuracy

This evaluation is based on the eleven trials considering the values from 0 to 5 kg
with an interval increment of 0.5 kg. A confusion matrix is represented for Actual (A) and
predicted (P). When all the trials are combined, the overall measured weight is 27.5 kg, and
the overall weight demonstrated by the motor gear arrangement is 27.26 kg. The confusion
matrix is as follows:

Con f usion matrix =
n = 11 P : YES P : NO
A : YES
A : NO

[
27.269 0.231
0.045 0.186

]

The overall observed accuracy for the experiment performed in eleven trials is

Accuracy =
Obtained demonstrated values by gear chain f rom 11 trials

Total measured weight f rom 11 trials

Accuracy =
27.26
27.50

× 100% = 99.89%

The eleven trial values are ignored as they are at no load, whereas the relative index
wise accuracy from the graph for the ten trials is

Accuracy [10] = { 98.7%, 99.71%, 98.5%, 98.28%, 99.16%, 99.52%, 98.95%, 99.33%, 98%, 96%}
The overall average accuracy from the relative method (index-based) of accuracy

computation is 98.60%. Therefore, the accuracy is between 98.60% and 99.89% for loads
under 5 kg.
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5.2. Performance Evaluation II: Coverage Range

A generic architype was created to elucidate the enactment of the scheme. For the
prototype, the warehouse was considered to be in China and the e-commerce VR store user
was in Jeddah. The VR store user was interested in knowing the weight of an object before
purchasing the item. Another possible reason for obtaining the weight is to estimate the
shipment-related issues. However, the only target of the current research is improving
the immersive experience. The item was in China, and the user can feel the object weight
even with a distance of miles because the system uses cellular technology (GSM module),
therefore making it independent of range.

5.3. Performance Evaluation III: Time Factor

The time factor is the time required to perform one maneuver (one complete process)
and is calculated using Equation (1). Measurement time is the time required by the load
cell circuit to measure the object weight and is denoted by Tm in this work (order of
microseconds, μs). Tcellular is the time required by the cellular grid to deliver an encrypted
message to the receiving end. The mean value of Tcellular is 1 s. Receiver display time (Trs)
is the time the receiver end circuit takes to decrypt the received message and show the
weight in the motor gear arrangement.

T.F = Tm + Tcellular + Trs (1)

Trs = 0.1 × weight (in grams)

Tm =
1

No. o f operations × Clock Frequency (CPU)

For the object having 1 kg of weight, the time factor (T.F) is

T.F = Tm + Tcellular + Tr

T.F =
1

8 MHz × 50
+ 1 + 0.1 × 1000 = 101 s = 1.68 min

The time factor varies with the weight of the object With a larger object, the time factor
is higher. For the object with 1 kg of weight, the weight takes 1.68–2 min.

6. Conclusions

The concept of smart cities is evolving, and different governments are trying to
transform their cities into smart policy cities using available advancements. One technology
being adapted worldwide is VR, and with its recent progression virtual e-commerce stores
are becoming more prevalent. Virtual stores allow the user to interact with the products,
but there is no way to feel the weight of the object before it is purchased. In this research, a
device termed as a haptic tele-weight is proposed that will allow virtual store customers to
feel the weight of an object prior to their purchase. In this way, the customer satisfaction
level is increased and the delivery of an unintended item can be prevented. The objective
of this research is to propose, design, and implement a prototype of the tele-weight device
that can be used to display the weight of the object at the remote end. The tele-weight
device has two parts, a sending end and a receiving end. At the sending end, the circuit
computes, encrypts, and transmits the object weight and then the receiving end decrypts
and demonstrates the weight of the object. Another intention of the approach is to enhance
the e-commerce customer’s level of user experience by allowing them to have immersive
contact with the item in the virtual store.

A haptic tele-weight device is anticipated that utilizes the mobile cellular module
to transmit encoded messages among its subparts. The accuracy and performance of
the tele-weight device are marginally good, and an onboard microprocessor and circuit
elements are used for communication. The crucial objective of this research is to improve
the immersive experience of e-commerce shoppers. The computed time factor is not fixed
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in magnitude and depends largely on the weight of the object. The average accuracy of the
created prototype is 98.60–99.89%.

The team of researchers working on this system is hopeful for the industrial version
of the prototype. Many weight scales are available these days, but none complies with
the VR store. In this research, a prototype of the tele-weight device is suggested to have a
better user experience of immersive shopping. Many stockholders are interested in selling
different products, but products in the shop often become inaccessible. This approach is
handy and useful for the customer to have haptic immersive interaction with the item,
allowing the weight to be placed on the hand of a person to have an improved pre-purchase
experience. In this way, the trust of customers can be obtained as well. Moreover, every
prospective customer can sense the weight and approximate the figure of the object (to
have an estimation of the feeling of the item in the hand). A future recommendation is to
create an industrial version of the prototype that works with the HMD.
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Abstract: According to both scholars and society, Corporate Social Responsibility (CSR) plays a
controversial role in terms of corporate management towards sustainability. The business has
presently become an integrated with the society and takes in a complex form of global demand for
sustainability management. Due to the globalization of business, it is difficult to form a common
sustainability model for CSR while its approach could be an opportunity for achieving sustainability.
Evidently, a strong connection is found between the CSR approach and achieving urban sustainability
since a smart urbanization requires a well-planned industrialization process that could be accelerated
by the proper application of CSR. However, the CSR concept has already been initiated and developed
in Western developed countries. Nowadays, it is being widely practiced by the developing countries
as well. The developing country Bangladesh takes CSR issues seriously. Therefore, the study seeks
the sustainability prospects of CSR by considering sustainability challenges in the rapid development
of the “Ready-made Garments (RMG)” industry and corporate sector in Bangladesh. Finally, this
paper explores some strategic paths to initiate sustainable development by framing the conditions
and challenges of CSR.

Keywords: urbanization; sustainability; corporate social responsibility; ready-made garments; frame-
work for strategic sustainable development; Bangladesh

1. Introduction

Corporate Social Responsibility (CSR) is an umbrella term which recognizes several
issues such as companies’ responsibility for their impact on society and the natural en-
vironment, sometimes excluding legal compliance and the accountability of individuals;
companies’ responsibility for the behavior of others with whom they do business (e.g.,
within supply chains); and the obligation to control its bonding with the wider community.
Whether for motives of economic viability or to add value to the society, CSR calculates
to various social initiatives ranging from community development and environmental
protection to various socially responsible business practices [1,2]. Theoretically, CSR is
still controversial, unclear and complex in its traditional approaches [3]. In practice, CSR
theories try to address four dimensions related to revenue, such as social aspects, political
demand and ethical values, wherever it takes into consideration in a company. However,
environmental demand is significantly missing in those dimensions, since a new theory
needs to develop an integrated model for achieving sustainability.

There is a dearth of CSR studies, and the significance of dealing with CSR as a
strategy has already been executed, but in the developing countries such as Bangladesh, the
concept is still an emerging one, especially in the ready-made garments (RMG) industry [4].
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Here, the RMG platform is used for scrutinizing CSR because the current urbanization
of Bangladesh has been developed mostly by the RMG industries. By conducting this
research, the study objective is to find out the current CSR conditions in Bangladesh’s RMG
industry as well as its prospects towards sustainability management through existing CSR
planning for the future of smart urbanization.

The implementation of CSR in a new environment faces decent challenges in several
industries due to carelessness and because of disrespect for CSR by the producers and
a continuous lack and abuse of workers’ rights, the sustainability of the RMG industry
is now in question. The industry is being threatened by its unsustainable infrastructure
leading to fire, building collapse, mass death, labor unrest and violence [5]. Consequently,
practicing CSR activities is very important for companies in developing countries such
as Bangladesh, especially in the RMG industry [4]. It is not only the industry who is
responsible to assure the social responsibilities, but there must also be contributions from
the societies where they perform their activities. The study also focuses on the integration
process of sustainability into CSR in general considering the existing CSR challenges in
Bangladesh. Sustainability indicators, or the process of integrating sustainability into CSR,
help organizations to simplify, analyze, quantify and communicate the whole planning
system of this complicated issue [6].

The aim of this study is to find out the challenges of CSR and seek for sustainability
prospects of CSR by considering those challenges in the Bangladeshi RMG industry. Specif-
ically, the concrete research questions are: first, what are the existing CSR challenges in
the Bangladeshi RMG industry and should they work towards corporate sustainability
management? Second, and finally, in what ways could CSR be more strategic in line with
sustainability management?

1.1. Corporate Social Responsibility

Ref. [7] states that organizations need to incorporate environmental and social in-
dicators into organizational management practices in order to improve sustainability
performances, even in the processes of voluntary legislation and guidance. The lack of a
CSR approach may be alternatively defined as the Corporate Social Irresponsibility (CSI).
However, both the promotion of CSR and reducing the impact of CSI may occur through
the process of conceptualization and institutionalization [8]. This process involves a contin-
uous negotiation process at the national and international levels. Therefore, the theories of
sustainability opportunity influence the ultimate extended performance of CSR. In other
words, corporate sustainability is also the ultimate destination of the organization where
CSR is the intermediate stage of action towards sustainability, standing on three bottom
line pillars of profit, people and the planet (3P) [9].

1.2. Globalization and Corporate Social Responsibility Challenges

“Globalization along with a parallel shift to outsourcing and offshore manufacturing
has resulted to the concept of globally as a supply chain accordingly” [10]. Globalization
happens mostly because of corporate societies’ influence in the global economy. Due
to technological, political, economic and cultural changes in society, the global business
sector has become integrated. At the present period of urbanization versus globalization,
international business is becoming more popular beyond the country boundary, where
the implications of the business demand corporate sustainability based on the CSR activi-
ties [11]. In this case, the consumption patterns of an organization are a strong indicator for
corporate sustainability that assess to what extent CSR contributes to what level of sustain-
ability is achieved [12]. Meanwhile, global trade wars can be threatening issue on CSR and
the global economy in the twenty-first century, as demonstrated by Figure 1 below.
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Figure 1. Global trade threat on CSR adapted from the Textile Today Bangladesh [13].

However, concerning the global phenomenon of corporate societies there is an ethical
question raised by the author of [14]: will CSR reach full fruition as it becomes aligned,
integrated and fully institutionalized within company strategies and operations? In the
era of globalization, corporate societies have been operating in a market-based economy.
Considering the major urban economy, various types of complexities imposed by different
countries, for instance, India and Bangladesh, are the major impediments to the growth of
bilateral trade and textile clothing value chain engagement between two countries such
as India. However, both countries put a number of non-tariffs on textile and clothing
products despite the agreement of cooperation between them due to their domestic CSR
alongside social growth. Operations in market-based economies beyond borders needs
proper regulation besides ethnicity. CSR in a market society has been discussed for decades,
long before globalization became a buzz word [15]. While corporate societies are taking
initiatives in their own interest, external regulation, e.g., government, institutional, is not
a key issue to focus. In addition, there are some other factors which can challenge all the
CSR initiatives taken by corporate societies. Day by day, corporate societies from different
parts of the world are becoming integrated with each other. This integration brings a new
challenge to the CSR initiatives.

Therefore, many social challenges arise, which are primarily transnational issues.
These types of transnational social challenges cannot be regulated by the existing rules. For
example, the greenhouse gas problem has been originated by developed countries, but the
poorer countries such as Bangladesh are paying the price. In this case, even is Bangladeshi
corporate houses reduce CFC (greenhouse gas) production significantly, would it be able
to improve the situation in a significant manner towards urban sustainability? There is no
one to give the answer.

To sum up, the global phenomenon of CSR is a great concern that there should have
global regulation in addition to the corporate initiatives. In a global context, a corporate
house runs through different cultural, political and geographical conditions. Therefore,
beyond-border corporate activities demand regulation in addition to the responsible ac-
tivities. On the other hand, the globalized form of the economy makes corporate culture
complex and companies always think about their own sustainability rather than their social
obligations and responsibilities.
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1.3. Corporate Social Responsibility Practices in Bangladesh

In 1985, the UN adopted some basic CSR practice that were underway by the 1990s
owing to the concern of international buyers from all nations that everyone should be
considered as consumers regardless their incomes and social standing. At least stimulated
by the potential of success, companies are increasingly adopting CSR practices, such as cor-
porate philanthropy, Cause-Related Marketing (CRM), employee volunteerism, marginal
support programs and other initiatives [16].

A forum of more than two hundred and fifty consumer organizations from all over the
world stated that there should be four fundamental rights as a consumer, e.g., the human
well-being and the right of proper environment. Ensuring the well-being of stakeholders
and society as a whole, while maximizing the creation of shared value for the business
owners, is what CSR aims to achieve [17]. However, researchers have stated that CSR
offers various positive outcomes anticipated by the sellers and buyers such as customer
trustworthiness, optimistic company image, cost decrease and achieving competitive
advantage, all of which boost business performance [10]. According to the author of [18]
has mentioned that CSR must be implemented: first, to eradicate extreme hunger and
poverty; second, employment generating vocational skills; third, to ensure environmental
sustainability; fourth, to promote of education, gender equality and empowering women;
and, finally, to battle human immunodeficiency germ, developed immune deficiency
disorder, malaria and other disease. These are the essential development pathways for us
towards ensuring a smart city in the future.

1.4. Investment Situation in the Ready-Made Garment Industry in Bangladesh

In Bangladesh, the ready-made garments (RMG) sector has a greater potential than
any other sector in terms of employment and foreign exchange earnings to reduce poverty
and make a contribution to the national economy. This development of RMG has been
initiated in most of the urban industrialization cases of the country. Along with its potential,
the sector is also experiencing new challenges which can be the future determinants of its
sustainability [19]. The journey of the RMG industry started in the late 1970s and since then
has played a key role in the economy [20]. Within a very short period of time, it has become
the largest export earner of the country through a major positive forward thrust in the early
1990s and socioeconomic status has increased in spite of lacking environmental practices.
The RMG of Bangladesh globally exported over USD 24.49 billion in 2014–2015, compared
to an amount of USD 12 million in 1984–85. The hold of RMG in the total export earnings
reached more than 81% in the fiscal year of 2013–2014 and it shares almost 16% of the total
GDP. The trend of the RMG industry’s contribution is strongly predicted to be increased in
the upcoming year [19]. This growth brings RMG industry under the microscope to find
out its CSR activities and implications.

1.5. Framework for Strategic Sustainable Development

The Framework for Strategic Sustainable Development (FSSD) had been used as the
theoretical approach to intervene the whole process of data analysis. The framework has
five unique components that are interrelated in functioning and the whole function is the
collective output of this five-level framework (Figure 2).
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Figure 2. Five-level framework for strategic sustainable development [21].

A brief introduction of the five levels of the framework is as follows:
System: Principles to understand the services entire the organization and forming the

whole organizational system towards more strategic as well as sustainable operations.
Success: Principles to define the success of the entire organizational system—basic prin-

ciples “System Conditions” are a set of ‘rule of thumb’ practices to achieve success [22,23].
“System conditions” to achieve success are briefly illustrated as:

In a sustainable society, nature is not subject to systematically increasing . . .
. . . concentrations of substances extracted from the Earth’s crust,
. . . concentrations of substances produced by society,
. . . degradation by physical means

and, in that society . . .
. . . people are not subject to conditions that systematically undermine their capacity

to meet their needs.
Strategy: Strategy to reach at success which is defined through ‘system conditions’,

which means sustainability principles.
Actions: Actions in corresponding to the assessment by tools and strategic guidelines

executed by the principles of sustainability.
Tools: Tools that facilitate compliance with some principles and can be properly

reported through the execution of sustainability principles (defined in ‘success’ level)
in a system. Tools also can help to assess the performance of organizational policies to
measure the success of any kind of tools that have been using in an organization to achieve
success as well as facilitate capacity building of the people on human resource management,
empowerment and knowledge management [22,23].

1.6. ABCD Analysis

The strategic planning tool “ABCD” had been first developed by an international
NGO, the Natural Step International. Beginning with the above framework, the tool was
used here to assess the performance of Corporate Social Responsibility in RMG industries
in order to make it a more strategic way for movement towards sustainability in urban
development. This planning had four sections of analysis and the findings out of this
analysis are then incorporated into organizational policy and planning for achieving
sustainability within different modes of actions (short, mid and long term). The meaning
of four sections of this planning process had been guided in the following ways (Figure 3):
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Figure 3. Diagram of the ABCD process [24].

“A” denotes Awareness and Visioning of an organization towards sustainability.
“B” indicates Baseline Mapping, which is conceptualized through the designated four

sustainability principles to identify the ‘sustainability gap’ out of the major impacts of
organizational activities.

“C” means the creative solutions that are developed in line with the findings out of
“B”, the baseline mapping.

“D” introduces the decision on priority basis depending on what type of problems are
identified in the baseline findings.

1.7. Conceptual Framework of the Study

Based on overview of the corporate sustainability challenges, the following conceptual
path can be shown for the study (Figure 4):
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Figure 4. Conceptual framework of the study (Primary Source).
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From the above framework, it can be shown that the study would analyze the CSR
conditions based on five significant indicators, e.g., existing CSR components, CSR prac-
tices, growth of RMG, political situation and corruption. This assessment supports the
study for final output, which is a scope of integrating sustainability into CSR considering
its implementing challenges in Bangladesh. Here, the Framework for Strategic Sustainable
Development (FSSD) is the intervening variable used to assess the system of CSR and its
definition of success based on the designated four sustainability principles. Furthermore,
the framework builds up some strategic guidelines for corporate sustainability practices
through the existing CSR planning. The designated ABCD tool can be defined at the tool
section of the FSSD. Therefore, among the five levels of the FSSD, two levels (system and
success) are applied in assessing the CSR condition. On the other hand, the remaining
three levels (strategy, actions and tools) are applied as the intervention in framing the
corporate CSR towards sustainability. Details of the FSSD are discussed in the following
Methods section.

2. Methods

The study followed a qualitative approach to find out the possible answer and in-depth
knowledge about CSR challenges in Bangladesh. The paper attempted to fill in the void of
CSR literature by investigating the underlying reasons of its socially lacking in responsible
business practices [5]. The study was developed on literature reviews and a case approach
of RMG industries in Bangladesh. The case was designed in single embedded with a type
of instrumental analysis of the selected corporate sectors in Bangladesh. This instrumental
case was specially focused on the theoretical explanation of the particular issues linked with
several departments of an organization. All of the data used for analysis and discussions
collected from the secondary resources. The discussion was developed on existing CSR
theories to reach our conclusion.

2.1. Sample Size and Data Collection

The RMG industry and corporate sector is considered as the study experimental unit.
A sample of 15 stakeholder groups had been selected in the study. The selected stakeholders
were the internal CSR management representatives of the ready-made garments sectors.
All the stakeholders were selected from three categories of garments industries such as
large, medium and small types of industries in the Dhaka City area. Five stakeholders were
selected randomly from each type of industry. Among all the samples of data sources, non-
governmental groups of stakeholders had been selected. Identification of key stakeholders
was a concern of the right approach to review CSR activities since they were on the way
forward to sustainability through their existing CSR policies. A qualitative questionnaire
tool is used to conduct interviews with the stakeholders. In the data collection, both on-site
and off-site KII (Key Informant Interviews) were done to answer the research questions.
For off-site data collection, telephone interviews were conducted or emailed responses
were collected. Apart from the methods, the official websites and secondary materials of
the stakeholder groups were used to gather information as well as the validation of the
data. All the data had been analyzed thematically under the sustainability framework.

2.2. Framework for Strategic Sustainable Development (FSSD) and ABCD Analysis

Data analysis followed the FSSD and ABCD processes of analysis. By using the
framework in any complex system, a good strategic analysis could be organized for moving
towards organizational sustainability. To organize all kinds of information and thoughts
about sustainability, the framework was applied in framing the whole system of the
organizational function either in services or any kind of consumption matters. On the
other hand, the ABCD planning method had been integrated in the analysis of the FSSD
where the organizations were able to understand their clear vision for growth towards a
sustainability-oriented approach [25].
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3. Results and Analysis

3.1. ABCD: ‘A’—Awareness
Components of CSR

In the corporate sector, CSR had been described as a process and a set of obligatory
activities of the firm to utilize its resources to contribute to the society. CSR was a process
where corporations take actions to combine an integrated social and environmental effort in
their business principles. Socially responsible business did not only indicate the fulfillment
of the social legal expectations, but it was also something more to invest in a corporation’s
human capital [26].

Many corporations in the world have taken CSR actions as an aid or a compliance-
based agenda. This was a very congested view of CSR. The following figure cited from the
policy formulation study on reporting to The Millennium Development Challenge through
Private Sector’s Involvement in Bangladesh, 2009 and after that SDGs have also showed
the components of CSR and the greedy component’s predicate on community development
into CSR. The social value’s elements are shown below (Figures 5 and 6).

Figure 5. The social value’s elements—internal (primary sources).
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Figure 6. The social value’s elements—external (primary sources).

3.2. ‘B’ and ‘C’—Baseline Mapping and Compelling Measures of CSR

CSR was highly in demand for market-oriented factors where no single way had
been implied for its successful operation. Toward the long-term success of CSR operations,
legal restriction was very flexible and manipulation was needed depending on capitalistic
factors [27].

CSR came about mainly through companies’ codes of conduct, which were operated
by the directions of a company’s commitments the obtained certificates and labor stan-
dards [28]. In this case, CSR was designated as “social upgrading” from the side of social,
economic and some ethical issue including workers’ payment, occupational health and
safety, work environment and human rights [28]. Because of the overlapping nature in
CSR, the code of conduct was very confusing in practice; therefore, its establishment was
needed for a correct path of framework to analyze every sector of organizational operations
associated with green social banking upgrading. Under the guidance of B and C, the
performance of CSR components used in the corporate sector are as follows.

3.2.1. Internal Positive Significance

The RMG industry is a capital earning source of foreign currency where most employ-
ees of the major cities (e.g., Dhaka, Chittagong, Naryanganj, Gazipur) in Bangladesh are
involved in the RMG sector directly or indirectly. It finds that the present urbanization was
being inspired to be conducted with CSR compliance for safe working processes, environ-
mental management and providing healthy work environments. The garments industry of
Bangladesh helped the country’s people in many ways to reduce the systematic barriers to
top management positions and barriers to workers meeting their needs. It even relied on
inputs of companies that also did not create obstacles for its employees to meet their needs.
The customers and employees respected the traditions of work and they actually liked it
because they thought it to ultimately represent Bangladesh. The RMG industry has a good
financial position that would allow some necessary investment if they could guarantee a
Return on Investment (ROI). The RMG industry of Bangladesh has achieved a positive
global reputation through its sensitive services with low product-cost in the long term. In
the service dimension of RMG, it is a very good platform to conduct with CSR compliance
in the whole process of smart urbanization.

3.2.2. Internal Negative Significance

The RMG industry had no strong compliance to CSR. Different certification processes
and their maintenance were still without the enforcement labor laws in practice. The major
considerable issues had to look at CSR compliance as: first, all work place hazards were not
taken proper care of; second, all genuine stakeholders’ input usually were not incorporated
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into work traditions; third, all stakeholder concerns had not been documented; finally,
overly long working hours did not exist in its entire success.

The treatment of customers and employees was not done in a proper professional
manner that kept everybody satisfied, content and happy. The RMG industry did not
reduce dependence on fossil fuels nor did it use them efficiently. Thus, energy efficient
transportation was not being used in the industry. No obvious measures were taken to
substitute persistent and unnatural compounds with ones that were normally abundant or
that break down more easily in nature (oil, remnants, chemicals detergents, dyes and other
pesticides, pp bags, nylon, aluminum foils). The industry was still using recyclable carton
packaging, bleached paper and other packing materials. The waste was not well-managed
depending on the municipality that took care of it after separation. The RMG industry did
not draw resources from well-managed eco-farms.

3.2.3. Political Barriers in Bangladesh

As a crosscutting issue, the political movement of Bangladesh influenced the desirable
outcome of CSR approaches in the corporate sectors. “Strike (Hartal)” was a Bangladeshi
political phenomenon that deserves to be discussed in a broader level to find out its
necessity as a political element. Hartal observed a wide spread of violations among two
political parties’ activists, polices and general people [29]. On the other hand, Bangladesh
saw its biggest terrorist attack in July 2016 (claimed by Islamic State of Iraq and al-Sham—
ISIS) at the Holey Artisan restaurant in Dhaka, where twenty people—mostly foreigners—
were killed. Prior to July 2016, several incidents of foreigners and bloggers being targeted
by ISIS and Al-Qaeda took place. It stopped all kind of factory production, export shipment
and daily business in all sectors [30]. Increasing security challenges have hampered at least
some investment and trade opportunities. It caused immeasurable losses to the country’s
economy and workers continue to protest working conditions and low wages. In other
unpredictable consequences of these violations, the major issues included unsafe public
movement, increased working hours, lower or delayed salaries, loss of competitiveness,
factory insecurity, negative image of industries and raising the overall cost of production.
Therefore, these are all factors that have affected the success of CSR implementation direct
or indirectly.

3.2.4. Corruption Barriers in Bangladesh

Bangladesh is a new country on the world map, but the presence of corruption is not
new. In 1757, the first step of corruption was seeded by the East India Company. Therefore,
it was a business organization who paved the world of corruption in Bengal history. “Since
the independence, Bangladesh’s leader is often condemned with the high incidence of
corruption, but even since the return of democracy 1990s, neither has able to take effective
action to addressee the systematic issue which allow corruption to flourish” [31]. The
business community had put up with it and benefited from it. One survey of World
Bank stated that about 2–3% of GDP is lost due to corruption each year. The per capita
income of the nation’s people might be doubled if the government was able to prevent
corruption [32]. The ethics and issues of conflicts of interest had not been accorded a priority
for legislative and administrative reform. However, when the private business joined
together to make deals with public officials for procurement contracts, concessions and
privatizations were then a considerable issue in front of the corrupted administration [32].
Though the government had established an Anti-Corruption Commission (ACC), it failed
to come out from the hand of political party’s influence. However, the trend of such
unethical practices in the corporate sectors dominated CSR planning and implementation,
considering political or self-interest rather than overall attention to the community.

3.2.5. Lack of Life Security System in Garments Industry and Threats to the International Market

Although Bangladesh is recognized as one of the major apparel exporters in interna-
tional market, the country has also been criticized for its poor CSR practices due to the
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low-quality life security in the industry. Corporations could be said to be socially account-
able if they would not significantly damage their stakeholders, employees, customers,
their investors, suppliers or local community. In the operation of the industry, they must
be rectified whenever any damage is discovered [33]. Human rights and safety issues
in the RMG workplace have also been defined by the industry’s reputation compared to
progress in the global market. In several cases, an abrupt accident stood up against on CSR,
and international buyers have become strongly behind the cases. The path of success has
become threats to life in the RMG industry (Figure 7).

Figure 7. Indication of the path of the success with CSR in RMG industry adapted from Textile Today
Bangladesh [13].

However, after the financial crisis of 2008, 112 garments workers had died and several
hundred workers had been wounded by the Tazreen fire accident, and in the Rana plaza
collapse, which was the biggest disaster, more than 1100 people were killed and over
2000 people were injured. The Trans-Pacific Partnership Agreement and the withdrawal
of generalize system of preference by the USA were terrible for the RMG industry in
Bangladesh. The crucial and unplanned damage to the image of the RMG sector may still
be haunting the heart of readymade factory makers.

3.2.6. Environmental Management and Disability in CSR

A study [34] concluded that the conditions in which the RMG workers are set in
causes health hazards such as fainting, eye strain, headache, jaundice, chest pain, asthma,
fungal infections, helminthiasis, diarrhea, hepatitis, food poisoning, malnutrition, etc. The
working conditions in several factories are subpar, and the absence of ventilation and
light, lack of safe water for drinking and poor sanitation enables the development of
diseases and viruses. Unfortunately, most of the factory owners are not aware of CSR
in environmental sectors. Other difficult evidence about most of the garment factories
stands at Ashulia and Tongi in Bangladesh. Unfortunately, there is normally no water
management treatment plant in the dyeing industry. In Ashulia, liquid poison is mixed
near the rivers and the water is black in the dry season. According to stakeholders and
the local community, the factories are close to the river Bongshai and this river is a kind
of dustbin for industrial waste. In this regard, all the factories inside or outside EPZ can
be blamed in spite factory owners denying it. However, it is impossible to use the water
of the Bongshai river. Moreover, the long-term ecological balance in the environment is
reducing day by day as a result of weak environmental management.

217



Sustainability 2021, 13, 6988

The Bangladeshi RMG industry needs to adopt cleaner and improved technology
and management strategies for a better environment in order to achieve its CSR goals.
Considering the buyers’ demand and requirements, industry owners have set priority
to implement the guidelines from the world-renowned organizations for eco-friendly
production. However, the crucial challenges that are most important to gain sustainable
environment in RMG’s sectors are related to CSR. The implementation of CSR practices
can be of immense help for developing the city’s economy, society and the environment of
a country such as Bangladesh.

The urban challenges are: first, a lack of waste management and low technology;
second, occupational health and safety measures with training and capacity development;
third, resource-inefficient production processes; fourth, “GREEN” factory building and
fire safety; fifth, chemical management best practices; sixth, chemical hazard assessment,
prioritization and action; sixth, efficiency of captive power generator has to be increasesd;
seventh, carbon emission reduction and implementation of an Environmental Management
System; eighth, identifying potential to manage and mitigate environmental pollution;
ninth, waste management and recycling; and finally, control and reduce environmen-
tal flow.

Moreover, these challenges can be supported to build up an expensive CSR for sus-
tainable management in the RMG world. On another important note, the sustainability
aspect is the greatest issue in SDGs whereas the Bangladesh RMG industry needs a com-
prehensive strategy to be sustainable for environmental issues. CSR-based policy makers
need to understand the global impact of production and consumption patterns. In order to
achieve sustainable environment, stakeholders must design SDGs in the RMG industry in
Bangladesh according to needs of practices such as: first, rain water harvesting; second, con-
densate recovery boiler; third, reduce, reuse, recycle (3R) water; fourth, water-efficient dyes
and chemicals; fifth, the use of renewable energy (solar panel); sixth, Prismatic skylight
and T5 and LED light; and finally, sustainability reporting.

To the point, those practice in several areas and according to CPD [35], “The UN 2017
report on its Sustainable Development Goals shows that the rate of progress in many areas,
including sustainable energy and infrastructure, is far slower than needed to meet 2030
targets, and urges governments and all stakeholders to make more efforts. Sustainably
run companies also have to fight entrenched short-term shareholder thinking, particularly
activist investors keen to gain fast returns”. Since CSR focused on the environment can
become a very important tool for RMG, particularly in response to the current globaliza-
tion process, the compliance issue with the achievement of SDGs could be accomplished
through framing CSR design. However, there is still a lack of concern about human and
environmental standards that could result in trade barriers negatively affecting the in-
dustry in Bangladesh. Bangladesh’s RMG sector is a globally competitive business sector,
but the lack of CSR in this industrialization can be threatening not only for the country
but also the achievement of sustainability globally. The lethargic implementation of CSR
in the RMG industry may introduce trade barriers as well as the country’s GDP (Gross
Domestic Product). More efforts to strengthen CSR in Bangladesh are needed to overcome
international challenges and compliance that is now fundamental for this booming sector.

3.3. ‘D’—Priority Areas of Identified Problems and for Further Actions with CSR

In the previous section of compelling measures, the following working areas of CSR
had been considered. These areas were both the internal and external approach of the
current CSR operations.

3.3.1. Internal

(1) Compliance with CSR was measured for the safety environment and accidents
and injuries at the workplace. (2) HR Management that had been measured in an efficient
labor force for increased productivity and profit for the business corporations. (3) Waste
Management where environment friendly initiatives of corporations were conducted saved
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energy and earned more profit. These types of corporations got priority to access into the
foreign market. The following components were important to consider into RMG industrial
waste management. For garments: related solid and liquid waste through washing, dyeing
and knitting; for food and beverages: through cooking and food service; for energy: fuel
(personal and delivery cars); for packaging: product packaging and parcels; for hygiene:
all about materials in practices relation to the occupational health and safety of workers;
for lighting and other electronics: bulbs, projectors and fluorescent lights; and finally for
stationary: papers, inks, printed materials and others office necessities.

3.3.2. External

(1) Supply chain management of CSR covered competitive markets which needed
better pricing to retain the market share. A better supply chain could assure a better
market position. (2) Social Investment of CSR considered corporate involvement with the
community and its development activities gained media attentions and opened a window
for earning more profit. (3) Environmental CSR indicated a corporation’s sustainability that
was a great concern in the business world’s responsible behavior toward the environment
and guaranteed the sustainability.

4. Discussion

4.1. CSR in the RMG Industry in Bangladesh in Line with the Existing Challenges

Most of the corporate businesses of Bangladesh are family-owned business as started
from their first generation, and then converted by the RMG industry. On the other hand,
these businesses are mostly operated from the major cities in Bangladesh, predominantly
from Dhaka. However, in the 1960s and 1970s, when the marketing as well as social
intellectuals were in progress of discussing CSR, they emphasized the social duties close
to the marketing actions rather than on an overall social responsibility of the firm [36].
Different empirical studies also show that many small and medium enterprises fall under
the informal sector without having the proper structures and resources to address social and
environmental issues. This weakness drives the top management of local RMG companies
to maximize their profits rather than considering the triple bottom line (people, planet and
profit) issues [31,36].

The RMG industry of Bangladesh has been tremendously developed depending on
the exports to developed countries. As a part of global market, it is difficult to ignore
the CSR alongside environmental issues. It is evident from the RMG industry that the
status of labor rights practices, environmental management, ex-post monitoring, risk
management, low carbon technology and transparency in corporate governance are not yet
satisfactory, largely due to the absence of poor enforcement of laws, weak participation of
stakeholders to acquire their rights, lack of enforcement of backdated industrial laws and
regulations, weak unions, lack of consumers’ right groups and high levels of corruption.
Within the regulatory authorities, these factors make CSR vulnerable in Bangladesh’s RMG
industry [31,37].

At present, there are still not sufficient uses of ethical business policies and CSR
elements in the RMG sector. That is why not only child labor but also adult labor involved
with RMG industry is facing discrimination. Though there has been a revision of the labor
law in 2006, it is still based on the 1969 labor law. These forty-year-old labor laws are not
sufficient to raise the CSR standard or to protect labor rights.

A good working environment is a key element to be assured by the socially responsible
actions of corporations and organizations. A proper working environment and infrastruc-
ture is a fundamental right of workers. The RMG industry portrays a scenario where proper
working environment is lagging far behind. The highest proportion of employment in the
RMG industry is dominated by 80% women among 4.4 million workers. The provision
for a woman-friendly work environment is rare in Bangladesh’s RMG industry. An ILO
paper [38] showed a concrete lack of CSR actions for women’s work environment in the
RMG industry such as inadequate childcare facilities on the factory premises; difficulties

219



Sustainability 2021, 13, 6988

and irregularities getting maternity leave and benefits; scarcity of appropriate number of
toilets; and congested work place in unsafe buildings.

The triple bottom line (people, profit and the planet) is one of the fundamental bases
of CSR initiatives that are critically important for the urban sustainability of any country.
Profit and maximum indicators in human approach are very important for any industry
and that is why, an integrated path for sustainable CSR is necessary for ensuring a smart
city. In the Resul section, issues about the integrated policies have been identified with the
help of designated sustainability framework.

Employees are the life blood of any organization and industry. They are the most
important element of stakeholder groups. Without strong stakeholder contribution, it is
not possible to achieve the desirable standard of the CSR approach. By its name of CSR in
garments industry, the outcome is expected from the relations between workers and their
environment instead of making profit only. Therefore, a consideration of workers’ demand
into the CSR planning is a vital issue in order to improve the balance among social and
economic return of the industry [39].

The RMG industry is a low-technology, labor-intensive industry that mostly depends
on ready-to-export, turn-key factory units. Although the industry employs a great number
of factory workers, lack of education and upgrading in jobs mean that workers have short
shelf-life and are unceremoniously terminated after the end of productive years [40]. A
labor union is a kind of institution that can facilitate the freedom platform to the worker.
Unfortunately, there is no freedom of RMG associations in Bangladesh. Although union
activities exist as a form of federations, their activities are prohibited at the factory level [41].

The study of CSR also suggests that without stakeholder participation, it is very
difficult to integrate sustainability into social responsibilities. Stakeholder participation
creates a platform where both parties can decide about their compliances. A consumer
rights group can assure the mobility of stakeholder participation with corporation’s CSR
initiatives. On the other hand, labor unions in the industrial sector can play a significant
role to protect their rights.

In more analytical findings, the CSR study suggests that without stakeholder partic-
ipation, corporations can take advantage of CSR to retain their own interests, ignoring
other parties’ legal rights. To protect their own rights and ensuring more profit, RMG
factories have been situated in Export Processing Zones (EPZs) in Bangladesh and have
banned all kinds of union activities. Labors from EPZs agree with the government to create
Workers Representative Welfare Committee. These types of committees are weak in nature
and cannot make RMG factories implement CSR activities. On the other hand, getting the
affiliation is very lengthy process.

CSR practice and profitability is embedded with the industrial principle. It is a natu-
ral phenomenon that industries firstly focus on profit, then their economic sustainability
and their overall process of CSR activities to reach for their business goal. It is evident
from the current financial market analysis, after the year 2005, that the Bangladeshi RMG
industry [42] has been facing huge competition because of the elimination of the rigid
quota system. The base of RMG product of Bangladesh is low-cost items. Low-cost items
give lower profits compared to other types of products. On the other hand, lack of proper
infrastructure, training and skilled labor productivity are becoming lower than other com-
petitive countries. The scopes of training and skills development for Bangladeshi’s RMG
worker are very poor and a half a million skillful employees are foreigners. Investment
in skilled labor development has not become a part of corporate culture and strategy in
Bangladesh. Lower productivity leads to the cost of lower wages in order to gain better
profit margins [38].

Bangladeshi political culture and corruption are a simultaneous challenge to each
other. The involvement of corruption and political leaders in the corporate sector gives
Bangladesh the position as one of most significantly corrupted countries in the world.
According to the TIB (Transparency International Bangladesh) report [43], corruption is a
form of indirect taxation. Because of the consequences of corruption, business establishment
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cost has become very high in Bangladesh. This widespread situation creates vulnerability
for industries for achieving their sustainability. This corrupted culture also maintains
a strong liaison between political leaders and labor unions. The RMG industry also
has the same experiences. Indeed, the significance of corruption is not underestimated
in Bangladesh, even it is considered as the regular way of life. Due to the presence of
corruption in the country, all areas of business life are weakening the management ability of
the business sector [44]. On the one difficult note that environmental management system
is not strong and it has become a misgiving issue for employees and residential areas to
increase in different diseases and threaten life, for instance, the Rana plaza collapsing due
to corruption

To sum up, we would like to draw up recommendations to raise the CSR issues in
a reasonable level. It is evident from the study findings that there is no baseline for the
CSR standard all over the world. Corporations are a part of society, and as a part of society,
they must obey the social duty, which is named by CSR. Regarding CSR implementation,
the country must play a significant role. Modern society is talking about the state’s roles
in justifying the importance of CSR initiatives. In this regard, corporate governance also
plays a significant role. In addition to corporate governance, the corporations should have
to ensure the mass stakeholders’ involvement with the corporate policy. The initiation CSR
is a debatable concept itself. Corporations and the RMG industry in Bangladesh should
ensure the implementation of CSR initiatives in more sensible way to send a clear statement
that business is not beyond the society.

4.2. Strategic Pathways towards a Sustainable RMG Industry in Bangladesh

The RMG industry could make a tangible difference by contracting with eco-farms to
provide customers with the best quality of eco-product. By planning this in company’s CSR
strategy, the RMG industry would champion the market through triggering this initiative,
which might pave the road for others to join. Setting up new market values might also
help the government make brave decisions in this regard. However, and since there were
many operational strategies to establish and maintain CSR policy in the RMG industry,
many industries could work together to make the shift easier, smoother and tangible. The
strategic path of CSR could be a foundation under the basis of the ABCD analysis found in
the “Results” section.

4.2.1. Awareness (A)

In this way, an organization will evaluate its present understanding on sustainability
and identifies the common language to create a visionary platform for future sustainability
actions. The approach of ‘A’ can be influenced by all sorts of present actions for social,
ecological and environmental development within the business context. The understanding
of sustainability may be back casted from the designated sustainability principles [45].
Here, four sustainability principles scrutinize the whole system of organizational actions
to understand sustainability. Those are already mentioned in the previous section of the
sustainability framework.

However, throughout the understanding of organizational sustainability, the visioning
for sustainability is to be set up as an ambitious goal. People are to be encouraged about
sustainability all over their understanding process of sustainability in existing work.

4.2.2. Baseline and Compelling Measures (B and C)

In other way, this analysis also runs the evaluation and monitoring of organizational
services to see how the prospective positive changes can be introduced towards sustainabil-
ity based on those sustainability principles. The analysis identifies the critical sustainability
issues, values and implications through different monitoring tools within the organization.

It is the process of potential brainstorming which certainly creates innovative solutions
to get rid of the existing unsustainable practices in organizations. To be more innovative
organizations also go back to their sustainability vision produced from “A” part. This
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process can be termed as “Backcasting”, which is very helpful in developing strategy to
solve the identified problems (sustainability gaps of B section).

4.2.3. Priority Areas of Action (D)

The decisions are to be a good return on investment in regarding economic, social and
environmental returns. This decision can take many actions flexibly, which are categorized
in different mode of actions, e.g., short-term, mid-term and long-term measurements.

However, under the analysis of the ABCD model, the combined findings of CSR
could be integrated into the Framework for Strategic Sustainable Development (FSSD). The
CSR process ability to achieve sustainability can be analyzed using the four sustainability
principles of FSSD, developed by The Natural Step. These principles are used as a protocol
of the FSSD and subsequently develop the cyclic functions of the framework. The analytical
discussion of the CSR in line with these principles is as follows.

The first sustainability principle works to reduce human contribution to the systematic
increases in concentrations of substances from the Earth’s crust. With this guidance,
organizations take initiative to alternate some materials from their usage which are scarce
in nature and also which can be replaced by any other abundant materials leading away
from the dependency on fossil fuels. CSR can address fossil fuel use by advocating the use
of solar energy, which includes wind, geothermal, biomass and photovoltaic energy. This
option is verified through many certifications process including Green-e certified renewable
energy certificates. The CSR process facilitates mining through the requirement of close
loop cycling of some metals to reduce the amount of metals extracted. In reality, CSR
process fails to address metal scarcity and does not think about its poor metal management
practices that have the adverse impact to the community.

The second sustainability principle is to eliminate human contribution to the system-
atic increases in concentrations of substances produced by society. Today’s practices of
RMG certainly produce compounds whether solid, liquid or gaseous that breaks down
the natural system. The CSR’s ideology is based on the idea that an organization needs
to become part of biological and technical social responsibility systems. The CSR has the
scope to promote reducing and eventually eliminating the waste from production and
the product itself through the ‘waste equals food’ concept. The organization promotes
closed loop cycling that reduces the amount of resources used to produce waste. A CSR
strategy may promote ppm (parts per million) limitations that address some metals’ usage,
but it does not specifically address many essential substances such as GHGs emissions in
the implementation process. It is indirectly accounted for through the energy saving and
material selection portion.

The third sustainability principle guides to reduce human contribution to the contin-
uous physical degradation of nature through many forms of modification, introductions
and over-harvesting. CSR process focus on sustainable wood harvesting by using the
guidelines from a set of Forest Stewardship Council (FSC). The uses and discharge of water
are also a part of CSR conduction adopted by water stewardship guidelines. However, the
present practices of CSR fail to address marine resources such as overfishing, trolling and
other forms of overharvesting and also different agricultural impacts; those are specifically
responsible for the physical degradation of the environment. Though the extraction of
the mined materials, transportation and distribution system are indirectly involved to the
physical degradation of the nature, but there are no rules or limitations in CSR regarding
these to protect the physical quality of the nature.

The fourth sustainability principle says about our contribution as much as while
society can move towards the meeting of human needs in our local community to global
needs based on the process of substitution and dematerialization dealings taken within the
first three principles. The CSR process of an organization may involve the efficient use of
resources and this activity of the CSR is termed as “eco-effectiveness of the product”. The
CSR is also very conscious about the human needs and rights in the society that mostly
satisfy the sustainability principles. In the tool system it has been maintaining the ten
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(10) principles of the UN global compact: A Pledge for Social Responsibility & Corporate
Ethics. However, CSR does not deal with some social issues in this principle such as no
clear conception of social benefits (e.g., no boundaries of small scale vs. big scale projects
and, as a result, small scale projects and/or poor countries feel lack of interest to use CSR),
company reputation, border transitions of supply chain, etc.

5. Conclusions

CSR plays an important role in promotion for attaining business success, and CSR
has many benefits for human rights, labors standards, environmental impacts, corruption
reduction, workplace relations and gender discrimination in the workplace. That means
social wellbeing included in the human approach should work in diverse ways for the
sustainable environment of a city. In reality, CSR is not addressing many issues such
as the challenges within the sustainable principles if it is considered for work towards
sustainability. So, an unclear picture of the CSR objective can be termed as “Blind Spots”
which explore the first research questions on CSR challenges and the scopes for work
towards sustainability management at the corporate level.

Answering this research question, the paper has explored the current CSR challenges
which exist in both Bangladesh RMG industry, or in general for the next design phase of
urban sustainability. The current CSR issues in Bangladesh are still in the young age. It has
to go in a long way to serve the society in a sustainable way within the optimum capacity
of an organization. This paper has focused on current CSR conditions based on not only the
existing social conditions, but also other sustainability factors that need to be addressed in
the existing CSR. The study [5] claims that the “majority of RMG suppliers focus on profit
maximization without complying required social compliance issues, but the real scenario
is not the same. The suppliers are now conscious about CSR implementation as the most
significant mechanism to survive in the market; if they do not go for CSR implementation,
they will lose business order and have to leave the market”.

On the basis of the first research questions, the findings suggest some ways to integrate
sustainability in corporate CSR, which is the exploration of the second research question. In
this regard, the study finds out some significant and concrete reasons behind the drawbacks
of CSR issues globally. For framing the corporate sustainability achievements, a ‘ABCD’
analysis can be used in the traditional CSR practices. Moreover, the FSSD guides whole
corporate process to measure the violated sustainability principles over the CSR approach.
The FSSD principles help CSR strongly to be more strategic including all other scattered
challenges for movement towards urban sustainability such as political situation, lacking
knowledge in environmental management, a huge presence of corruption throughout the
administrative matters, which include absence of strong consumer/stakeholder groups,
inadequate ethical business principles, insufficient laws to protect corporate violations and
absence of proper monitoring are mentionable. Therefore, the future research directions
could be a direction towards sustainable CSR in other business platforms where these
specific challenges are lensed through the disciplinary sustainability framework. In ad-
dition, the realization degree of corporate social responsibility is directly proportional to
the degree of investment is not explained here due to the study limitations. The future
investment vs. CSR in the RMG industry can be another full-phase research question for
the future.
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Abstract: Understanding commuters’ behavior and influencing factors becomes more and more
important every day. With the steady increase of the number of commuters, commuter traffic
becomes a major bottleneck for many cities. Commuter behavior consequently plays an increasingly
important role in city and transport planning and policy making. Although prior studies investigated
a variety of potential factors influencing commuting decisions, most of them are constrained by the
data scale in terms of limited time duration, space and number of commuters under investigation,
largely owing to their dependence on questionnaires or survey panel data; as such only small sets
of features can be explored and no predictions of commuter numbers have been made, to the best
of our knowledge. To fill this gap, we collected inter-city commuting data in Germany between
1994 and 2018, and, along with other data sources, analyzed the influence of GDP, housing and the
labor market on the decision to commute. Our analysis suggests that the access to employment
opportunities, housing price, income and the distribution of the location’s industry sectors are
important factors in commuting decisions. In addition, different age, gender and income groups
have different commuting patterns. We employed several machine learning algorithms to predict the
commuter number using the identified related features with reasonably good accuracy.

Keywords: commuting; employment; housing price; GDP; income; big data; prediction

1. Introduction

With the urbanization development, commuting is becoming an increasingly impor-
tant part of modern society. It is well-known that during morning and evening peak
commuting periods on weekdays, roads become highly congested due to a large number
of commuters, causing severe overheads to the transport infrastructure systems [1]. In the
recent past, the number of inter-city commuters in Germany increased substantially (27.9%),
from 2,442,630 in 2004 to 3,123,924 in 2014, while the country’s whole population had a
slight decrease (from 81,646,474 to 81,450,370) during the same period [2]. The growth of
inter-city commuters can lead to personal, environmental and societal changes such as
increased traffic loads and frequent congestion, more road/railway work, higher levels of
pollution, lower life satisfaction and the need for subsidies [3]. It has been demonstrated
that urban planning will be highly associated with commuting costs, and NOx and CO2
emissions from road traffic [4,5]. With the current discussion on environmental protection
and sustainable societies, we believe that it is of high importance to understand inter-city
commuting in more detail. It is especially vital to understand the volume and patterns of
people’s inter-city commuting (a commuting mode that typically connects the residents of
the periphery with big cities) and to find the underlying infrastructural bottlenecks and
suggest possible responses, as the majority means of inter-city/regional commuting are by
car [6].

In the scope of our study, inter-city commuters are socially insured employees whose
work municipality differs from their residential municipality [7]. As commuters typically
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base their family and job location planning on several factors, we focus not only on the
economic structure of the city but also on the living standard and commuting patterns,
which have been largely ignored in previous studies. More specifically, we aim to conduct
a data-driven analysis of the potential factors behind inter-city commuting decisions
in Germany: the labor and real estate situation (without relying on questionnaires and
surveys), commuting patterns, cities’ economic structure such as gross domestic product
(GDP) and industry sectors.

In this work, we use only publicly available data so that the data sources are easily
available and our results can be replicated. By integrating multiple datasets from different
sources from over two decades, we study features that have not been considered or not
available but are very important for understanding the inter-city commuting behavior, such
as GDP, various housing purchasing/rental prices information, the job market in different
industry sectors and computing patterns. In addition, with our time-series data, we
leverage machine learning approaches to perform commuter prediction—with reasonably
good performance—which is not seen in the previous efforts.

Section 2 presents related works. After Section 3 describes our data sources and
methods, Section 4 provides our in-depth analysis results on these data including commuter
prediction results, and Section 5 discusses additional issues. Section 6 is the conclusion.

2. Literature Review

Over the decades, sociologists, economists, geographers and computer scientists
have studied commuting from different angles. With the increasing importance of inter-
city commuting, one focus of these studies has been the influencing factors of inter-city
commuting decisions.

First, income has been found as a determinant factor for long-haul commuting [8–11].
For instance, Dauth and Haller [11] showed that the willingness to pay for a shortened
commuting distance is no lower than the income increase for the people who seek a job
change for the same commuting distance.

Second, location is another determinant factor for commuting decisions. Clark [12]
observed that households prefer to move closer to the workplace if they lived far from the
workplace before, and the commuting time is significant for relocation decisions. Kalter [9]
noted that most long-haul commuters come from small municipalities. Eckey et al. [13] as
well as Haas and Hamann [14] found that workers in west Germany are more willing to
commute than those from east Germany. Andersson et al. [15] showed rural-to-urban long-
distance commuting is rapidly increasing in Sweden, and rural residents working in large
cities are better paid, better educated and younger than workers in rural municipalities.

Third, commuting distances play an important role in commuting decisions. In-
stead of focusing on residential or workplace location alone, Simpson [16] modeled both
workplace and residential locations and found such a joint model considering commuting
distances between two locations can well explain the commuting behavior. Levinson [17,18]
also established that there is an interdependence between the workplace and residential
locations. Kalter [9] showed long-haul commuters tend to remain in their current living-
place workplace combination.

Fourth, different types of work influence commuting decisions differently. Huinink
and Feldhau [19] showed that women with a part-time job and long-distance commute
will have much less fertility intention than women with full-time or self-employed jobs.
Ding and Bagchi-Sen [10] found that workers in different industry categories have varying
distances they are willing to commute. Eckey et al. [13] found that in general, blue-
collar workers are more willing to commute than white-collar ones. However, Haas and
Hamann [14] noted that the most highly qualified employees tend to commute.

Fifth, gender differences play a regulatory role in commuting decisions. It has been
found that male workers (80.5%) are more willing to commute than female workers [9],
and males commute longer than their female partners [20]. Reuschke [21] showed that the
vast majority (87.6%) of female commuters are childless; 35% of female commuters have
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a second residence due to their partners. However, for female workers fertility intention
does not play a significant role in the decision to commute, while getting pregnant has a
high negative correlation with commuting [19].

Other factors related to commuting decisions that have been studied include age [9]
educational background [9], nationality [13], housing costs [22], household com- position
(with one or two workers) [23] and levels of well-being [24]. For example, Kalter [9] found
that workers who are younger or with high school diplomas are more willing to commute.
Eckey et al. [13] showed Germans are more willing to commute than foreigners in Germany.
Mitra and Saphores [22] found that housing costs have a strong influence on long-distance
commuting. Dickerson et al. [24] showed that longer commutes are not generally associated
with lower levels of well-being.

An overview of different datasets, methods and factors studied in related literatures is
given in Table 1.

Table 1. Datasets, Methods and Factors Considered in Previous Literatures.

Literature Material (Data) Method Factors Considered

Clark [12]
556 residential relocations in

Milwaukee metropolitan area, USA
(1962–1963)

Probability model & tests
Short-haul commutes,
workplace’s attraction,
relocation willingness

Simpson [16]

Household transportation survey
data in Greater London, UK

(1971–1972) and Metropolitan
Toronto Travel survey data of
3508 households in Toronto,

Canada (1979)

Regression

Commuting distance, job
opportunity, skilled or not,

family status, age, job
changed or not

Kalter [9]
The “Socio-Economic Panel

(SOEP)–West” data of
Germany in 1985

Explanatory model
Costs of commuting and
migration, real estate and

labor markets

Levinson [18]
Travel survey data of 8000

households in Montgomery County,
Washington DC, USA in 1991

Regression

Family status, housing type,
age, gender, income, sector,

employer’s attitude on home
office, location within the city,

commuting time

Clark et al. [23]
Survey data of 2000 households in

greater Seattle area in USA
(1989–1990, 1992–1994 and 1996–1997)

Probability model

Commuting distance,
residential location,
work-place location,

computing time

Eckey et al. [13] Data of 142,129 commuters in
Germany (2003–2005)

A traffic prognosis
program VISUM

Commuting distance,
commuting time, gender,

professional types
(white vs. blue-collar),

housing supply, income

Haas & Hamann [14] Two datasets about German
commuters in 1995–2005 Basic comparison

Educational levels,
commuting distance, region is

east or west Germany,
employment situation

Reuschke [21]

2007 questionnaires on 4 metropolises
in Germany (Munich, Stuttgart,

Düsseldorf, Berlin) in spring 2006,
plus telephone interview on
20 commuters in spring 2009

Logistic regression
Family status and living

situations, number of
residential locations
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Table 1. Cont.

Literature Material (Data) Method Factors Considered

Dargay & Clark [8] Survey data from National Travel
Surveys (NTSs) of UK in 1995–2006 Econometric models

Gender, age,
employment status,

household composition,
commuting distance

Huinink et al. [19] Survey data from Family Panel of
Germany in 2008–2009 Regression, panel model

Fertility behavior, gender,
employment status, education,
partnership status, intention

of having and the
number of children

Dickerson et al. [24] Survey on 16,000 individuals in UK in
1996–2008

Linear fixed-effects
(FE)model

Commuting time, transport
mode, age, hours worked,
household income, marital

status, children number,
university degree or not

Andersson et al. [15] Micro data for all inhabitants in
Sweden spanning two decades Logit model

Commuting distance,
workplace/residence changed

or not, income, age, gender,
highest degree, family status,

sector, occupation type

Mitra & Saphores [22] Survey data of 18,012 households in
California, USA in 2012

A generalized
structural equation model

Socio-economic variables,
vehicle ownership, land use,

and housing costs

Ding & Bagchi-Sen [10]
Longitudinal Employer–Household

Dynamics (LEHD) data set of Buffalo,
New York in 2014

Regression Income, age, sector

Dauth &Haller [11]

Dataset on the employment
biographies of German workers with
geo-coordinates places of residence
and work of Germany in 2000–2014

Statistics,
correlation analysis

Income, place of residence,
place of work, employment

status of each worker

Chidambara &
Scheiner [20]

Survey data of 4775 households in
Germany in August 2012–July 2013 Regression analysis

Economic power, car access,
labor and domestic

work-sharing and preferences
on work-sharing

To summarize, while sociologists mostly focus on the reasons behind commuting
on a personal basis primarily based on surveys and questionnaires, economists focus
on the trend of commuting at an aggregate level and emphasize more on the economic
backgrounds and cost benefits for the commuters and regions using statistical data. The
major data sources of both types of studies are panels and questionnaires, in addition to
statistical data, and could be complemented by integrating multiple datasets available from
heterogeneous sources, which form the starting point of this paper.

3. Materials and Methods

3.1. Data Sources

We scraped the commuting data, employment data including industry sector data,
unemployment rate and income data from the Federal Employment Agency [7], the house
and apartment price data from Immobilenscout24 [25] and the distance data from Google
Maps API [26] for each city and county in Germany, plus GDP data from GovData [27] per
county-level. In total, we collected and computed 16 categories of data, and an overview
of these data is shown in Table 2. They represent four perspectives (labor market, economic
structure, real estate market and commuter pattern) which are of potential relevance for com-
muting decisions. In addition, auxiliary information such as age range, gender, nationality
and GPS coordinates are included where available.
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Table 2. Potential Factors Influencing Commuting Decisions.

Labor Market Economic Structure Real Estate Market Commuting Patterns

Jobs (primary sector)
Jobs (secondary sector)

Jobs (tertiary sector)
Unemployed

GDP
GDP per worker
GDP per resident

Median income (place of work)
Median income (place of residence)

Apartment rent price
Apartment buy price

House rent price
House buy price

Incoming commuters
Outgoing commuters
Commuting distance

For a better understanding of these data, besides their basic structure and some
extreme cases, we chose four cities in State Lower Saxony (Göttingen, Braunschweig,
Hannover and Wolfsburg) as examples. The sum of these represents roughly the industry
distribution of Germany: Hannover is the capital of State Lower Saxony; both Wolfsburg
and Braunschweig are known for their industry which has been expanded since the
1990s (leading to an increased need in workforce); Göttingen is a representative German
university campus city and most known for its university.

3.1.1. Commuting Patterns

The commuting data on a municipality basis consist of about 14,000 municipalities
from over two decades. Table 3 shows the basic statistics of commuters from the perspective
of the total 11,385 German municipalities in 2017. It shows the commuter distribution is
heavily unbalanced: a small number of cities have high numbers of commuters and heavily
outweigh many small cities. With a mean of 2820 incoming and 3010 outgoing commuters,
the median (50%) is only 232 incoming and 651 outgoing commuters. The 75% quartile of
the incoming (outgoing) commuters is only 40.4% (63.2%) of the mean. There is also an
extremely high standard deviation throughout the whole dataset.

Table 3. Commuters on a Municipality Level 2017 (Source: Federal Employment Agency).

Incoming Outgoing Foreigners Germans Female Male <20 20–25 ≥55 noCommuting Business

Count 11,385 11,385 11,385 11,385 11,385 11,385 11,385 11,385 11,385 11,385 11,385
Mean 2820 3010 952 8352 4315 5015 218 713 11815 6315 630

Std 16,191 12,944 13,973 101,292 52,705 61,942 2729 9176 21,618 104,644 7719
Min 0 0 0 0 0 0 0 0 0 0 0
25% 43 234 5 212 110 138 7 15 57 15 13
50% 232 651 24 708 343 406 23 54 155 78 42
75% 1139 1901 140 2241 1111 1300 70 182 496 452 150
Max 411,672 423,964 694,052 5,993,872 5,997,872 3,614,232 175,175 538,684 1,268,705 6,283,373 434,147

Typically, a county consists of a central city and more affordable peripheries (e.g.,
towns and villages), which generally do not provide as many jobs as the central city. Thus,
on average, there are more incoming than outgoing commuters in the central cities. On the
contrary, there are fewer incoming commuters than outgoing commuters in the peripheries.

For commuting distance, we used the Google Maps API to scrape the coordinates of
all cities and counties in Germany. We then classify some cities as metropolitan regions
based on GDP, and calculate the nearest metropolitan area for each city. The distances from
cities to their nearest 289 metropolis are calculated as follows (Table 3).

dlat = lat2−lat1

dlong = long2−long1

a = sin( dlat
2 )

2
+ cos(lat1)·cos(lat2)·sin(

dlong
2 )

2

c = 2·atan2(
√

a,
√

(1−a)

distance = R · c

(1)
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where R is the approximate radius of the earth in km (6373), and lat1, long1, lat2 and long2

are the lateral and longitudinal GPS coordinates of the two cities, respectively.
Using the coordinates, we are able to calculate the mean commuting distance for

households living in each city. We use a weighted mean to take into account the number of
commuters. For each city we calculate:

Pi = ci · di f or every i ∈ (0, . . . , count(workplaces)

meani =
∑ Pi
∑ di

(2)

where ci is the number of commuters between the current city and workplace i, and di is
the distance between the two cities. Therefore, meani is the mean distance between the city
and the workplace in combination with the number of commuters.

The ratio of incoming and outgoing commuters to the resident population expressed
as a percentage in the four example cities are shown in Table 4: Wolfsburg has the highest
percentage of incoming commuters, at 64%; the second highest, though standing at only 33%
is Hannover; Braunschweig and Göttingen are very close with 27% and 26%, respectively.
The outgoing commuters do not vary significantly for the four cities, ranging between 8%
and 14%.

Table 4. Incoming and Outgoing Commuters for the Four Example Cities. (Source: Federal Employment Agency. † Except
For This Column, All Other Data Are Meant for 2017. * The Data for Göttingen After 2013 Were Based on the Whole County
of Göttingen; the Municipality Göttingen Alone had 120,000 Residents in 2017).

City Residences 1994 † Residents Incoming Outgoing Incoming % Outgoing %

Braunschweig 256,000 250,000 65,000 35,000 26% 14%
Göttingen 128,000 330,000 * 90,000 * 250,000 * 27% * 8% *
Hannover 526,000 540,000 180,000 600,000 33% 11%
Wolfsburg 124,000 125,000 80,000 100,000 64% 8%

The county-level commuting data include the same type of municipality data, with
additional information such as gender and nationality. Note that they do not distinguish
places within the same county (e.g., the distance between Herzberg am Harz and Hann.
Münden is 70 km, but both are in the same Göttingen county). As shown in the statistics in
Table 5, like the municipality data, the data on the county level are also very unbalanced,
with the mean deviating heavily from the median. This is again due to few (large) counties
and many (small) counties.

Table 5 shows that there are more male commuters than female commuters (from
the perspective of residence place), confirming the previous studies based on surveys and
questionnaires [9,28,29]. It also shows that the number of commuters being native Germans
is about 8–9 times of the number of commuters with foreign nationalities per German
county on average in 2017, which is approximately the same ratio between the total number
of native employees and that of foreign employees in Germany in the same year. Hence,
we do not explore the nationality factor of commuters further here.

3.1.2. Labor Market

We scraped the employment (per sector) and unemployment data for each city and
county from the Federal Employment Agency.

Figure 1 shows four distinct exemplary cities within geographical proximity with
their six most important industry branches. We can see that among all employed workers,
most (84%) of them work in the tertiary sector (e.g., corporate management, healthcare,
education) including less than 1% in the higher education sector, and only 15% in the
secondary sector (e.g., machine and vehicle technology, construction work).
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Table 5. Incoming and Outgoing Commuters, County-Level, 2017 (Source: Federal Employment Agency).

(a) Incoming Commuters, 2017

Total Male Female Germans Foreigners

Count 79,803 79,803 79,803 79,803 79,803
Mean 884 552 359 787 90

Std 7182 4128 3088 6420 830
Min 0 0 0 0 0
25% 16 10 4 0 0
50% 33 23 9 21 4
75% 94 65 28 75 13
Max 384,943 215,965 166,978 328,890 55,623

(b) Outgoing Commuters, 2017

Total Male Female Germans Foreigners

Count 78,257 78,257 78,257 78,257 78,257
Mean 889 524 363 795 87

Std 5391 3140 2268 4790 716
Min 0 0 0 0 0
25% 16 10 4 0 0
50% 33 23 9 22 4
75% 97 66 31 79 13

Figure 1. Industry Sectors for Example Cities (Source: Federal Employment Agency).

Table 6 shows some example cities with different unemployment situations in 2017,
including several big cities and four cities in the state of Lower Saxony.

3.1.3. Economic Structure

We scraped GDP data from “GovData” [27] for German cities from 2000 to 2016,
including GDP per city, per employee, per resident and per industrial sector. An example of
GDP data is shown in Table 7, which leaves out the GDP per industrial sector for simplicity.
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Table 6. Example Cities’ Residents, Employment and Unemployment in 2017 (Source: Federal Employment Agency).

W/E City Residents Employed Unemployed Unemployment Rate

Germany 82,792,351 44,269,000 2,532,837 5.70%
W West Germany (w/Berlin) 70,222,000 36,330,000 1,894,294 5.30%
E East Germany (w/o Berlin) 12,571,000 7939 638,543 7.60%

15 most populous cities:
W Berlin 3,613,495 1,426,462 168,991 9.00%
W Hamburg 1,830,584 952,959 69,248 6.80%
W Munich 1,456,039 850,395 35,718 3.90%
W Cologne 1,080,394 553,442 48,227 8.40%
W Frankfurt 746,878 564,826 23,307 5.90%
W Stuttgart 632,743 405,383 15,581 4.70%
W Düsseldorf 617,280 409,195 24,259 7.40%
W Dortmund 586,600 231,529 34,100 11.10%
W Essen 585,393 240,680 33,699 11.40%
E Leipzig 581,980 262,537 22,946 7.70%
W Bremen 568,006 273,068 28,027 9.70%
E Dresden 551,072 258,758 19,074 6.60%
W Hannover 535,061 329,083 25,163 6.80%
W Nuremberg 515,201 305,674 17,096 6.00%
W Duisburg 498,110 171.054 31,309 12.50%

W 4 cities in Lower Saxony: 123,914 118,922 3380 4.90%

W Wolfsburg Braunschweig
Göttingen (County) 248,023 127,827 8039 5.80%

W Hannover 328,036 127,748 9953 5.90%
W 535,061 329,083 25,163 6.80%

Table 7. Gross Domestic Product per Region in Euros (Source: GovData).

Year & Key Region GDP GDP per Employee GDP per Resident

2016
DG Deutschland 3,144,050,000,000 72,048 38,180
01 Schleswig-Holstein 89,824,608,000 65,114 31,294

01001 Flensburg 3,712,513,000 62,017 42,827
- - - - -

2015
DG Deutschland 3,043,650,000,000 70,669 37,260
01 Schleswig-Holstein 86,689,473,000 63,975 30,473

01001 Flensburg 3,596,366,000 60,891 42,152

Table 8 shows exemplar median incomes for cities and counties with the highest and
lowest median income. This shows an income disparity in Germany: after more than two
decades of the German reunification [30], the median income of eastern Germany still is
19% lower than in the west; the top ten cities with the highest income are all in western
Germany, while all of the five regions with the lowest income are in eastern Germany.
Due to the continuous large amounts of workers moving from east Germany to west
Germany [31] we conjecture that the median income difference between a large city and its
adjacent regions will also influence the commuting behavior, which will be examined in
the next section.

For each county/city we obtained data about the median income of employees from
the Federal Employment Agency, including the median incomes of men, women and the
residents in each region (city/Stadt or county/Landkreis). They are further split into three
age groups, ”15 to 25”, ”25 to 55” and ”55 to 65” years old, and three educational levels,
”no professional degree”, ”recognized professional degree” and ”academic degree”. A
small example of the data can be seen in Table 9.
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Table 8. Cities with the Highest and Lowest Median Income (Source: Federal Statistics Office [32]).

West/East Germany County/City Median Income

Germany 2609 €
W West Germany 2721 €
E East Germany 2216 €

Regions with highest median
income:

W Ingolstadt 4635 €
W Erlangen 4633 €
W Wolfsburg 4622 €
W Böblingen 4596 €
W Ludwigshafen am Rhein 4534 €
W Stuttgart 4351 €
W Munich 4227 €
W Darmstadt 4185 €
W Frankfurt am Main 4182 €
W Leverkusen 4170 €

Regions with lowest median
income:

E Altenburger 2218 €
E Land Elbe-Elster 2215 €
E Vorpommern-Rügen 2194 €
E Erzgebirgskreis 2191 €
E Görlitz 2183 €

Table 9. Median Gross Income (Euro/Month) in 2017 (Source: Federal Employment Agency).

Key Region
Place of

Work
Men Women

Place of
Residence

00000 Deutschland 3024 3207 2706 3027
01001 Flensburg, Stadt 2885 3077 2559 2647
01002 Kiel, Landeshauptstadt 3189 3382 2962 3030
01003 Lübeck, Hansestadt 2931 3033 2762 2895
01004 Neumünster, Stadt 2733 2800 2552 2700
01051 Dithmarschen 2768 2926 2297 2855
16077 Altenburger Land 2069 2100 1979 2182

The dataset contains the aggregated information of all employees working in each
region for the ”place of work” field, including incoming commuters but excluding outgo-
ing commuters; whereas, “place of residence” includes everybody living in the city and
excludes incoming commuters. Interestingly, even though it differs on a regional level, on
average men are earning 500 € more than women per month. This may be a possible factor
to explain the observation in [13], where men are found to be typically more willing to
commute than women.

Overall, we can see that the median gross income for the “place of work” is higher than
the income for the “place of residence”. This further implies that commuting has a positive
impact on income; therefore, it strengthens the conjecture that commuting contributes to
the income discrepancy between men and women (https://statistik.arbeitsagentur.de/
Statistikdaten/Detail/201712/iiia6/beschaeftigung-sozbe-qheft/qheft-d-0-201712-xls.xls?
blob=publicationFile&v=1, accessed on 11 April 2021).

3.1.4. Real Estate Market

We scraped the house and rental prices via the ImmobilienScout24 API [25]. Table 10
shows an example of apartment rental prices.
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Table 10. Prices to Rent Apartments (Source: ImmobilienScout24).

City & County Square Meters Price (€) Price (€/sqm)

Aachen 70 668 10
Aachen (County) 79 560 7

Ahrweiler (County) 82 624 7.8
Munich 76 1658 23

Munich (County) 80 1315 17.5
Münster 76 880 11.8

Zwickau (County) 62 303 5

With the differentiation between cities and counties we have 419 data points. In this
example, we include Munich because it indicates the vast difference between the house
and apartment prices in Germany.

Since we have only the present housing price data, we add additional data pre-
processing to incorporate additional knowledge from other sources and try to reflect the
changes over the time as much as possible. For example, we superimpose an increase in
housing prices by 21.7% from 2015 to 2018 (this information is from the Federal Statistics
Office [32].

3.2. Methods

We use statistical methods to pre-process the data to get an overall view of different
potential factors including their dynamic characteristics (where available).

We use linear regression to analyze the influence of factors like housing prices, GDP
and median income on commuting decisions, taking housing prices as a specific example.

We use correlation to understand the potential factors related to commuting. To
measure the correlation between variables x and y, the Pearson’s correlation coefficient is
given by:

r = ∑n
i=1(xi − x)(yi − y)√

∑n
i=1 (xi − x)2

√
∑n

i=1 (yi − y)2

where xi and yi are the values of x and y for the ith individual
We use the following machine learning algorithms to predict the commuter number

using the identified related features.

• Linear regression: an easy regression approach used to predict a continuous out-
put (here, commuter number) where there is a linear relationship between the fea-
tures of the dataset and the output variable. It assumes the input features to be
mutually independent.

• Decision trees: this approach first splits the dataset into smaller subsets and then makes
predictions based on what subset a new example would fall into; it re-cursively runs
this process until a good match is found. Decision trees make no assumptions on
distribution of data and work well with colinearity between input features.

• Random forest: a random forest aggregates a multitude of decision trees during the
training time, each of which independently derives a prediction, then returns the
mean prediction (regression) of the individual trees. It is one of the most accurate
machine learning algorithms available and works well for many datasets.

4. Results

4.1. Commuter Dynamics in Four Exemplar Cities

In the four example cities in State Lower Saxony (Göttingen, Braunschweig, Hannover
and Wolfsburg), the number of commuters gradually increases, as shown in Figure 2
for 1994–2013 (except for Hannover which has only data for 1994–2001 and no data for
2002–2013), and Figure 3 for 2014–2018.
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Figure 2. Number of Commuters from 1994 to 2013 (Source: Federal Employment Agency).

Figure 3. Number of Commuters from 2014 to 2018 (Based on Source: Federal Employment Agency).

The blue line shows the number of incoming commuters, the yellow line shows the
number of outgoing commuters and the gray line shows the number of employees living in
the same places where they work over the years. We see all commuter numbers increase but
there are differences from each other. Wolfsburg denotes the most visible increase, almost
doubling its incoming commuters during 1994–2013 due to its increased employment
opportunities. Braunschweig and Göttingen’s increases of incoming commuters are more
subtle but still easily observable. Hannover, on the other hand, seems to stagnate. As a
small university town, Göttingen’s increase in incoming commuters is smaller.

The number of outgoing commuters stays almost the same for Wolfsburg, Hannover
and Göttingen. Braunschweig, however, witnesses a big increase. Due to its closeness to
Wolfsburg and the massive increase in incoming commuters to Wolfsburg, it is likely due to
the strengthened industry in Wolfsburg and that many employees tend to commute there.

Starting from 2014, the Federal Employment Agency provides additional information
on how many people live in the same region as they work. It now treats the county of
Göttingen as Göttingen instead of the city of Göttingen, as in the 1994–2013 data. This
leads to an increase in both incoming and outgoing commuters for Göttingen in 2014.
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From the information on “work (place) = residence (place)” in Figure 3, we can see that
both Göttingen and Braunschweig have the biggest proportion of their non-commuting
employees. Incoming commuters in Braunschweig grew close in number to the non-
commuting employees in 2016–2017. Both Wolfsburg (as an industry city) and Hannover (as
the state capital) have more incoming commuters than non-commuting employees. Incom-
ing commuters in Wolfsburg are nearly twice the number of non-commuting employees.

To sum up, we can see that the increase of commuters depends heavily on the city’s
industry and economic development and the relationship with the adjacent cities.

4.2. Housing Prices: Statistics

Housing prices are important for commuting decisions [33,34].
We collected data for over 400 cities in 2019. For most of them, we have house and

apartment prices, as well as the rental prices for each type. Furthermore, we have the mean
living space and with that can calculate the mean price per sqm. This is the most important
part of the data since it allows us to compare the cities based on their living price per sqm.

Housing prices differ greatly for German cities. Many regions in eastern Germany are
known for having cheap property, as there are not as many jobs as in western Germany. In
the industry sector data from the Federal Employment Agency, we see that there are a total
of 150,000 reported jobs, while there are 630,000 reported jobs in western Germany. The
regions differ heavily in mean income as well. The median income for western Germany
is 2700 e while the eastern Germany median is 2200 e. Therefore, it makes sense that the
property prices for eastern Germany are lower than in western Germany. Due to the way
Immobilienscout24 returns the data, we could not classify the advertisements to eastern or
western Germany. However, if we look at the cheapest property prices, we can verify that
most of them are regions in eastern Germany. This can be seen in Table 11.

Table 11. Cheapest Housing Prices per Square Meter in Germany (Source: ImmobilienScout24).

City Apartment Prices House Prices

Rent Buy Rent Buy

Parchim 3.5 € 3565 € 5.8 € 1102 €
Grafschaft Bentheim 3.8 € 1750 € 6.8 € 2395 €

Jerichower Land 3.9 € 1397 € 5.4 € 935 €
Frankfurt (Oder) 3.9 € 1437 € 5.7 € 1540 €

Mansfeld-Südharz 4.1 € 1224 € 5.2 € 872 €

The five regions with the cheapest apartment rental prices, except for Grafschaft
Bentheim which is on the western border to the Netherlands, are in eastern Germany.
Apart from some small secluded regions, this trend continues throughout our data.

It is well known that Munich is the most expensive city in Germany [35], followed
by Frankfurt and Stuttgart; these three cities are important metropolises for the German
industry. In Figure 4, we see the most expensive mean prices per sqm for buying or renting
a house or apartment.

The bars indicate the renting price, and the graphs denote the buying price. We see
that Munich is the most expensive city to both rent or buy an apartment or a house. It
reflects the property market well, having Munich, Stuttgart, Frankfurt, Hamburg, Berlin,
Cologne and Mainz in the top 20 most expensive properties in all four categories.
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Figure 4. Highest House and Apartment Prices (EURO/sqm) (Source: ImmobilienScout24).

4.3. Commuting Distances: Statistics

Using the calculation method in Section 3.2, the statistical commuting distance data
are computed in Table 12.

Table 12. Basic Statistics of the Average Commuting Distances (Calculated Based on Data Source:
Federal Employment Agency).

Average Distance (km)

Mean 77.7
Std 29.2
Min 23.5
25% 57.6
50% 71.8
75% 91.5
Max 181.3

The average commuting distance of 77 km is from the data on a regional level and
therefore does not account for short-haul commuters. The minimal commuting distance is
mostly for commuting that is between cities within the same county. Because the Federal
Employment Agency lists them as different areas, they have a very short commuting
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distance with a very high amount of commuters. The maximal value of 183.2 km is for
Birkenfeld where many employees are commuting to Bad Kreuznach, which is 140 km
away. With both the mean and the median at about 70 km, we can see that these data
are balanced and represent the long-distance commuters well. The exact distribution of
commuting distances can be seen in Figure 5. The diagram shows the number of cities
corresponding to the average commuting distance. The x-axis shows the intervals the cities
belong to. These buckets have a size of 15 km each. The y-axis denotes the number of cities
that are part of the respective bucket. For example, the column on the far left has 84 cities
with an average commuting distance of 53 km to 68 km. The orange line represents the
cumulative total, which is almost at 50% after the first two bars. It further shows that
most of the commuters are commuting medium distances, between 38 km and 98 km,
accounting for 75% of the total data. We can also see that only 10% of the cities have very
long or very short distance averages below 38 km, or over 113 km. Our results seem to
deviate a bit from Schulze [36] who found that most of the commuters commute up to
25 km. The reason is that Schulze used a different data source which can directly compute
commuting distances, including for both intra-regional/city and inter-city commuters.
With the Federal Employment Agency dataset, we have only aggregated information about
inter-city commuters; due to the data provider’s privacy restrictions we had to calculate
the commuting distance ourselves.

 

Figure 5. Pareto Chart of Commuter Distance.

Overall, the commuter data are not very balanced with many small regions with few
commuters, and a smaller amount of big cities with very many commuters. Additionally,
the type of city plays a key role in the observable commuting patterns. With our regional
data, we are able to validate the findings of previous studies, e.g., by confirming that male
commuters outnumber female commuters.

4.4. Housing Prices vs. Commuters: Linear Regression Results

We investigate the influence of the housing prices in regards to the number of com-
muters. To illustrate this, we conduct regression studies on apartment rental prices vs. the
ratios of incoming and outgoing commuters to the number of local employees. The cases of
other prices (apartment buying prices, house rental prices, house buying prices) are similar
and skipped here due to space limit.

Two simple ordinary least squares (OLS) linear regression models are built for analyz-
ing the relationship between apartment rental price (€ per sqm) and the ratio of commuters
(against the local employees). The fit plots are shown in Figure 6. Both models suffer
from heteroscedasticity which we can detect from both White’s test results (Table 13,
p-value <0.05) and residual plots as shown in Figure 7. To fix the heteroscedasticity, we
apply the heteroscedasticity-consistent covariance matrix estimator [33].
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Figure 6. Apartment Rental Prices (€ per sqm) vs. Commuters (%).

Table 13. Linear Regression Result: Parameter Values Showing Heteroscedasticity.

Independent Value Dependent Value Intercept Slope ANOVA (Pr > F) White’s Test (Pr > ChiSq)

Apt rental price Incoming Commuters −0.09108 0.22949 <0.0001 0.0069
Apt rental price Outgoing Commuters 0.26117 0.07885 0.0241 0.012

Using OLS linear regression for the log transformation of the apartment rental price (e
per sqm), the result parameters are shown in Table 14; further model diagnosis reveals that
the models’ parameters are significant and there is no heteroscedasticity inside anymore
(p-Value >0.05).
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Figure 7. Apartment Rental Prices (€ per sqm) vs. Number of Commuters: Residuals.

Table 14. Linear Regression Result: Parameter Values after Fixing Heteroscedasticity.

Independent Value Dependent Value Intercept Slope ANOVA (Pr > F) White’s Test (Pr > ChiSq)

Log (Apt rental price) Incoming Commuters −0.13143 0.2506 <0.0001 0.3465
Log (Apt rental price) Outgoing Commuters 0.21088 0.10406 0.0044 0.1605

We can see the relationship between the number of commuters and the logged unit
price to rent an apartment in Figure 8. Both figures show an increasing trend, indicating
a higher average number of corresponding commuters for a higher rental price. Further-
more, the number of incoming commuters increases faster with a higher rent cost than the
number of outgoing commuters. The number of outgoing commuters also increases, likely
due to being in bigger cities with more inhabitants.
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Figure 8. Logged Values of Apartment Rental Prices (e per sqm) vs. Commuters (%).

Again, we see that the incoming commuters increase quickly for higher apartment
prices; the deviation is high for higher apartment prices due to the distribution of the data.
Therefore, we rely on medium house prices and medium apartment prices.

Overall, the more expensive the real estate, the more employees will commute over
long distances. This is in accordance with Boje et al. [34] who stated that according to
location theory, rationally acting individuals compare the resulting benefit with the costs
of commuting. If the costs outweigh the benefits, as they would have to pay a high
percentage of his or her income for rent, they would give up renting in the workplace city
and consider commuting instead. This behavior can be observed in our data, e.g., fewer
employees in cities with low housing prices will decide to commute than in cities with
higher housing prices.

4.5. Housing Prices and Income

We also analyze the relationship between housing prices and the median income.
Similar to the previous subsection, our first results also show heteroscedasticity but can
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be fixed by the heteroscedasticity-consistent covariance matrix estimator; the results are
omitted here again for the space limit, which explains that with an increasing median
income, the apartment rent rises as well.

The result is expected, as it is logical that the real estate market and the median income
are related to each other. Nonetheless, as the income has a strong link to the apartment and
housing prices, it indicates a link to the commuter data as well.

4.6. GDP and Median Income

In this subsection we will take a closer look at our median income and GDP data.
While the individual city-level GDP data depict well the productivity of the city, the

aggregated GDP information on the state level (Figure 9) shows a clear trend in the German
economy distribution.

 

Figure 9. GDP of German States (2017).

As shown in Figure 9, North Rhine-Westphalia has the highest GDP, followed by
Bavaria and Baden-Württemberg. North Rhine-Westphalia is well known for the Ruhrge-
biet, which is a composite of industrial cities and thus a big metropolitan area. Bavaria
also has important cities for the German industry like Nuremberg and Munich. Hamburg
and Berlin are in the 4th and 5th place, respectively. This is no surprise, as these two cities
are the biggest in Germany and hence have a great influence on the German economy.
Overall, we see that the states in west Germany have higher GDP than their counterparts
in east Germany.

4.7. Correlation Results

After analyzing all the data separately, we study their correlation with each other with
a focus on the correlation with the commuting data.

To understand the most important reason behind commuting, we limit the correlation
matrix to the 16 most important factors (see Table 2). The result is shown in Figure 10.

Beyond the highest correlations between the jobs in any two of the three industrial
sectors, primary sector, secondary sector and tertiary sector, another high correlation is
found between incoming commuters and outgoing commuters (in percentage of local
employees). Except for commuting-related factors, the highest negative correlation is
found between median income and metropolitan distance.
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Figure 10. Correlation Matrix.

Now we examine the factors behind commuting based on this correlation matrix:

1. The matrix shows that the most important factor behind commuting is the GDP
per resident of the city, as among all factors it has the highest Pearson’s correlation
coefficient with incoming commuters in percentage of the local employers (0.57)
and the lowest (and negative) coefficient with outgoing commuters in percentage
of the local employers (−0.22). This is somewhat surprising, as we expected that
the median income and housing prices may have a more important influence on
commuting decisions.

2. The median incomes of work and living places are also important. The median income
in the place of work is highly influential on incoming commuters, as more employees
may commute if they receive a higher income. How much they earn in their residence
is influential to both commuting groups. The income in the place of residence is a
main factor of commuting, either leaving the city or coming there, because if it is high,
many people will decide to commute there; if it is low, more people will leave the
region to work somewhere else.

3. The third most important factor for incoming commuters is the apartment price; more
expensive apartments seem to be a factor related to employees commuting. A plausi-
ble reason behind this relation is that if the cost–benefit ratio of buying an apartment
is bad, the employees may consider commuting over longer distances. For outgoing
commuters, the distance to the next metropolitan area is very important. This means
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that if the distance to the next metropolitan area increases, employees are less likely to
leave their region to commute, given the cost–benefit ratio of long-haul commuting.

4. An interesting anti-correlation can be found between the outgoing commuters and
the metropolitan distance. If the metropolitan distance increases, the outgoing com-
muters decrease, as their commuting distance would get longer and become most
likely unprofitable.

5. A surprising high correlation can be found between commuters and the unem-
ployment data. This has a big influence on both incoming and outgoing com-
muters. This may be related to the fact that most bigger cities tend to have a higher
unemployment rate.

6. In regard to jobs (workplaces), the secondary and tertiary sectors are more influential
on commuters than primary sectors, likely due to their high number of employees.
For example, there were 82.3% jobs in the tertiary sector, and 17.2% in the secondary
sector, in contrast to 0.5% in the primary sector as of 2017 [32]. Workplaces in the
primary sector even show an anti-correlation with commuters, indicating that most
farmers tend to not commute.

4.8. Commuter Prediction Results

As commuting is an important part of social life, for city and infrastructure planners,
it is helpful to predict the commuting trend for the next years. Since the data collection of
the Federal Employment Agency changed in 2013, we mainly focus on predictions using
data from 1994 to 2012 to predict the number of commuters in 2013 for each city.

First, we generate our time series data using the TimeSeriesSplit function of scikit-learn,
which splits the commuter data into different time frames. We then train a linear regression
model (with heteroscedasticity detection and correction procedures), a decision tree model
and a random forest model (with 100 decision trees as baseline), respectively, to predict the
incoming and outgoing commuters for each city in 2013.

Three metrics of measuring the prediction accuracy are used here: (1) The mean
absolute error (MAE) means that we are on average off by a certain number of commuters.
(2) The mean squared error (MSE) measures the average of the squares of the errors; the
closer to zero the MSE is, the better. (3) The root mean squared error (RMSE) is the root
of the MSE and measures the accuracy of a forecast; again, the closer to zero the better,
where a value of zero would mean that the prediction is perfect. The results for accuracies
for incoming commuters and outgoing commuters in 2013 using the 1994–2012 data are
shown in Table 15. The following observations can be made:

Table 15. Accuracy of Predicting the Number of Commuters in 2013.

Algorithm
Incoming Commuters Outgoing Commuters

MAE MSE RMSE MAE MSE RMSE

Linear regression 61.65 91,334.48 302.22 133.16 316,451.25 562.54
Decision tree 18.38 22,041.83 148.46 44.58 575,035.90 758.31

Random forest (with
100 decision trees) 14.36 12,273.61 110.79 41.97 504,505.48 710.29

In general, linear regression yields the worst performance as the input features do
not hold collinearity; meanwhile, decision trees achieve much reduced MAE, MSE and
RMSE. Random forest provides further improvements on prediction accuracy. An outlier
is the MSE and RMSE are better for predicting outgoing commuters using linear regression
compared to using decision tree or random forest algorithms, which may be attributed
to the limited features available for the better balanced outgoing commuter data; more
concrete reasons have to be found out.

Overall accuracy is reasonably good, considering the mean and median (50%-percentile)
commuters numbers (see Table 3) of incoming commuters (2820 and 232) against its MAE
(14.36 in the case of random forest, 18.38 for decision tree), and outgoing commuters (3010
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and 651) against its MAE (41.97 for random forest, 44.58 for decision tree). This reflects
only roughly 0.5–6.8% of absolute errors on average in the prediction.

The prediction accuracy for incoming commuters is generally better than that of
outgoing commuters. This is affected by the highly unbalanced commuter data that the
small numbers of incoming commuters in the cities are much more heavily distributed
than large numbers, compared to outgoing commuters (see Table 3). When the overall
incoming commuting number for a city is small, it is easier to predict with lower MAE
than to predict the larger number.

We then examine how the number of decision trees affects the prediction accuracy. We
try it at low as 10 and as high as 300 decision trees. The corresponding MAE can be seen in
Figure 11.

 
Figure 11. MAE in Relation to the Number of Estimators.

We see that the MAE fluctuates between 14.2 and 14.7 after 90 estimators. Hence, it
does not make much sense to increase the number of trees over 100. The low MAE at 70
estimators is most likely due to the randomness of the trees.

The important feature of the decision trees (see Table 16) shows that the last two
(i.e., year 2011 and year 2012) and the four to last year (i.e., year 2009) are the most
important ones.

Table 16. Feature Importances.

([0.00225194, 0.00204321, 0.00835944, 0.00111139, 0.00299128,

0.00415498, 0.00459426, 0.00433323, 0.01164195, 0.00594237,
0.00293781, 0.0748592, 0.09929031, 0.04211062, 0.09771488,
0.13891466, 0.08747522, 0.12738761, 0.28188564])

This result is expected, as we are working with a time series and the number of
commuters of the next year is mostly influenced by the most recent data.

5. Discussion

Although this work focuses on the Germany case, we believe the methodology pro-
posed in this paper can be extended for studying commuting behaviors in other countries,
as most countries have published their per-city level employment, income, GDP and
commuter information online, and there are abundant other sources like LinkedIn and
Facebook as well as real estate market websites to gain access to further information.

Furthermore, it may be useful to include the total number of residents (rather than just
socially insured employees) in the analysis, which covers the whole commuter population
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such as students, who may contribute to the peak hour congestion. Furthermore, more
studies on commuting distances may be also useful to understand the commuting behavior
from cost–benefit tradeoffs.

Additionally, the social, educational and medical facilities could be considered as
potential additional factors. Including data like the number of hospitals, doctors or kinder-
gartens, or even green areas and points of interest may be helpful for better under- standing
commuter decisions and for the prediction of commuters. Furthermore, with the increase
in housing prices over the last years, we think that it could be interesting to perform an
in-depth analysis of the connection between the real estate market and commuters. We
only had the house price data for one year, so looking at other historic data sources may
reveal new information.

Our commuter prediction is currently only based on our time-series commuter data
during 1994–2013, which can be extended for later (2014–2018) data which contain richer
information such as housing prices, GDP and jobs in different sectors in each county
or city. The results are still yet to be improved by future fine-tuning of the models and
feature engineering, and subject to further analysis on how individual factors affect the
performance of commuter predictability. Nonetheless, our initial results show that even
with simple methods a reasonably good prediction can be achieved. This will bring value
as it helps the city and infrastructure planners to better understand the commuting trend
and deploy better countermeasures, e.g., for clogged roads or traffic jams in a short term,
or developing alternative mobility options other than cars in a longer term.

Lastly, the current COVID-19 pandemic may significantly change commuting behavior.
This may open a large body of new insights for future exploitation.

6. Conclusions

The question of what leads to commuting is a critical issue for modern society’s
development. Most prior studies focused on a small set of factors constrained by limited
scale in terms of timespans, space and commuter numbers. To fill this gap, in this paper,
we explored a big data approach, by collecting data from multiple publicly accessible
sources and performing a systematic analysis on the potential influencing factors from
four perspectives (the cities’ economic structure, labor and real estate markets as well
as commuting patterns). We found that the GDP, the median income and the price of
buying or renting an apartment or a house in potential places for work and residence,
as well as their distance to the next metropolitan area, are key factors in the decision
to commute. We showed these main driving factors behind commuting in our data,
confirming some findings in previous work and offering some new insights such as GDP,
detailed categories of housing prices and job market in different sectors with the aid of
much richer data sources. We hope that such a data-driven approach will open this field of
study to more coverage in the future, as commuting is an important part of daily life in
Germany (and worldwide).

Additionally, we leveraged several machine learning models to predict the number of
commuters. Our results show it is possible to forecast the commuters quite precisely.
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Abstract: Linear infrastructure such as roads, railways, bridges and tunnels enable critical function-
ality within and between metropolitan and regional cities and towns, facilitating the movement of
goods and services, as part of vibrant, thriving economies. However, these asset types are typically
challenged by costly asset management schedules and continually eroding maintenance and refur-
bishment budgets. These challenges are compounded by the increasing frequency and intensity of
disruptive events such as fire, floods, and storm-surge that can damage or destroy property. The
United Nations Sustainable Development Goal 9 (SDG-9) highlights the urgent need for enabling
evidence-based decision making for infrastructure asset management (IAM). Around the world,
digital engineering (DE) efforts are underway to streamline the capture, processing, and visualization
of data for IAM information requirements, towards timely and evidence-based decision support that
enables resilient infrastructure outcomes. However, there is still limited understanding about which
IAM information can be digitized and the types of tools that can be used. This study sought to address
this knowledge gap, through reviewing the extent of available and emerging linear infrastructure
related DE technologies and their IAM information requirements. A systematic literature review
elicited 101 relevant conceptual and empirical papers, which were subsequently evaluated with
regard to the extent and characteristics of digital infrastructure asset management tools. Findings
are discussed using three themes that emerged from the analysis: (1) DE tools and their IAM asset
information requirements; (2) Interoperability and integration of DE tools across IAM platforms; and
(3) Application of DE tools to enable resilient linear infrastructure outcomes. A ‘Digital Technology
Integration Matrix’ is presented as an immediately useful summary for government and industry
decision-makers, particularly in the field of disaster management preparedness and recovery. The
Matrix communicates the synthesis of tools and likely end-users, to support effective data gather-
ing and processing towards more timely and cost-effective infrastructure asset management. The
authors conclude with a research roadmap for academics, including recommendations for future
investigation.

Keywords: digital engineering; information requirements; infrastructure asset management; technol-
ogy integration matrix

1. Introduction

There are urgent calls for improving asset management processes within the infrastruc-
ture asset management (IAM) sector, towards an improved resilience of infrastructure that
services our metropolitan and regional cities and towns [1,2]. Such evidence-based decision-
making is crucial to ensuring adequate long-term funding in often budget-constrained
operating environments, particularly for continuous or ‘linear’ assets (for example, part
of a road or rail network) that form the core connecting structures of our urban environ-
ments [3]. The length and complex nature of these assets are challenged by costly asset
management schedules and continually eroding maintenance and refurbishment budgets,
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compounded by the increasing frequency and intensity of climate-related disruptive events
that damage or destroy property [4].

IAM is described as “the integrated, multidisciplinary set of strategies for sustaining physical
assets, such as roads, dams, bridges, railways, manufacturing plants and pipelines” [5]. Looking
beyond typical planning design construction asset lifecycle interfaces, there are urgent
calls to develop asset management models that facilitate continuous flows of information
from design and construction through to asset operation, maintenance, and end-of-life
repurposing or disassembly [6,7]. These traditional asset management processes are largely
driven by user-led documentation through site visits, maintenance checks, and asset audits,
which can be time consuming, labor intensive, and prone to human errors. The data
schemas used by current asset management tools and platforms are also highly variable in
terms of asset location referencing and asset hierarchy systems. Furthermore, traditional
asset management systems tend to focus on discrete or individual asset management
phases and tools, lacking information integration across all assets and life cycle phases [8].

The IAM sector is also experiencing a rapid emergence of technology-enabled design
and practice, which is increasingly referred to as Digital Engineering (DE) [9]. The Aus-
tralian Government defines DE as “the convergence of emerging technologies such as Building
Information Modelling (BIM), Geographic Information Systems (GIS) and related systems to derive
better business, project and asset management outcomes” [10]. At a sub-national level, the New
South Wales Government [11] has published a DE framework to distinguish key elements,
including technologies, digital twin, ways of thinking, procurement, skills, and resourcing,
as shown in Figure 1.

Figure 1. Digital engineering framework. Source: Adapted from [11].

These elements span the fields of Geographic Information Systems (GIS), Building
Information Modelling (BIM), Civil Information Modelling (CIM), Bridge Information
Modelling (BRIM) and others [12,13]. Within each element, there are a number of Asset
Information Requirements (AIR) i.e., “the information required to operate and maintain a built
asset in line with an organisation’s asset management strategy” [14]. According to the standard
Publicly Available Specifications (PAS) 1192-3 asset management standard, these AIRs
logically exist within four categories as summarized in Table 1 [14].

Table 1. Information requirement categories and types.

Category Information Requirement Types

Managerial Type of asset, condition, location, warranties, maintenance plans, end of
life processes, location

Technical Engineering data, design parameters, operational data, interdependencies

Financial original cost, operating costs, maintenance cost

Legal ownership, maintenance demarcation, work instructions, risk assessments
and control measures)

Within this IAM context, DE is considered an unprecedented opportunity to support
decision-making, addressing project delivery challenges; information traceability and
accountability through the lifecycle of assets, and allowing for faster delivery with resilient
outcomes [10,15,16]. However, there is still widespread uncertainty and limited guidance
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about the rationale for digitizing information, and the types of tools that can be used to
digitalize asset information requirements [17].

Responding to this knowledge gap, the authors asked: Amongst the spectrum of DE
tools available, what AIRs could be digitalized to improve asset management decision
making for resilient linear infrastructure outcomes? This question comprised two sub-
questions: (1) what DE technologies exist to digitalize asset information requirements?
and (2) what can we learn about priority AIRs from DE technology applications in linear
infrastructure asset management? The authors subsequently undertook a systematic
literature review (SLR) to elicit the spectrum of existing and emergent DE technologies and
useful AIRs.

In the following sections, we summarize the methodology and key findings from
the 101 conceptual and empirical papers in the SLR. We discuss the findings using the
emergent key themes, and we present a matrix of the DE tools and corresponding AIRs that
can be digitised to support practitioners and authorities in enabling resilient infrastructure
outcomes. The paper concludes with the next steps in engaging with DE towards improved
infrastructure asset management outcomes.

2. Research Methodology

This paper adopted a systematic literature review (SLR) which is a comprehensive
and reproducible approach to synthesise the existing literature and contribute to the
advancement of knowledge [18,19]. The SLR can combine existing evidence and create
new knowledge. It has been recognised as a critical scientific approach to bridge the
research-practice gap [19–21]. The research comprised a review of papers discussing DE
that were published in reputable academic journals from 1998 to 2020. This period was
selected to deeply reflect on relevant information related to DE research conducted over
the last two decades. Tasks were undertaken in three key stages: (1) planning the review
approach and identifying the relevant literature, (2) screening the literature resources using
inclusion and exclusion criteria, and (3) descriptive and thematic analysis involving the
extraction, synthesis, and documentation of the review. This approach to creating an
evidence-based literature review has been established in similar research areas, including
asset management [22] and digital engineering [7,23]. Table 2 presents an overview of the
review protocol.

The authors acknowledge that the findings are conditioned to the chosen literature
sampling criteria (e.g., search keywords, with specific inclusion and exclusion criteria,
and excluding non-English research papers). Subsequently, we consider the 101 articles a
thorough exploration, but not necessarily exhaustive due to these listed limitations.

Firstly, the purpose of the literature review was clearly defined, and the aims and
objectives were developed to align with the overall purpose. The review protocol was
created with all necessary review steps and details including time frame, databases, key
search terms, and inclusion and exclusion criteria. Databases including ScienceDirect, Web-
of-Science, Scopus, EBSCohost, and Google Scholar were searched within the timeframe
of 1998–2020. An extensive range of search terms including, “asset management” with
“infrastructure”, “digital engineering”, “information”, “life cycle”, “road”, “rail”, “tunnel”,
and “bridge” were used to develop the search strings, to search related full text, peer-
reviewed journal articles [24]. In the process of reviewing articles, other cited articles
were added (i.e., snowball sampling). Boolean connectors (AND, OR and NOT) were
used in conjunction with the keywords to create additional search strings. To make this
process more efficient, online resources extracted through online databases were used for
the review [25].
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Table 2. Overview of the review protocol (PRISMA checklist, reprinted with permission [19]).

Section/Topic Checklist Item

Title

Exploring the role of digital infrastructure asset
management tools for resilient linear

infrastructure outcomes in cities and towns: A
systematic literature review

Research questions
What AIRs could be digitalized to improve

asset management decision making for
resilient linear infrastructure outcomes?

Key word search
“Asset management” with “infrastructure”,
“digital engineering”, “information”, “life

cycle”, “road”, “rail”, “tunnel”, and “bridge

Search protocol

An extensive range of search terms including,
“asset management” with “infrastructure”,
“digital engineering”, “information”, “life

cycle”, “road”, “rail”, “tunnel”, and “bridge”
were used to develop the search strings, to

search related full text, peer-reviewed journal
articles were used to develop the search strings

Search strategy and selection Title, year, keywords, abstract

Electronic database ScienceDirect, Web-of-Science, Scopus,
EBSCohost, and Google Scholar

Inclusion and exclusion criteria

Inclusion criteria—Full-text, peer-reviewed
academic journal articles, from year 1998–2020

Exclusion criteria: Conference papers,
dissertations, Book reviews, non-English

publications and grey literature, peer-reviewed
journal papers where a full text version was

not available

Inclusion and exclusion criteria were established using the C-I-M-O (context-intervention-
mechanism-outcome) framework [26]. These criteria guided the research team to deliber-
ately select the relevant articles [27]. In selecting relevant articles, backward and forward
reviews were carried out to capture an extensive range of relevant literature. The title and
then the abstract were reviewed to ensure the articles were relevant to the study scope.
After the initial metasearch, 910 articles were identified. Then, all duplicated articles were
removed, and papers only aligned with linear infrastructure were stored. Of the total 175
articles discovered, 168 were assessed for eligibility and 101 articles met the inclusion and
exclusion criteria of this study, as illustrated in Figure 2. The authors were guided by the
PRISMA statement [19] and have incorporated the steps of inclusion, eligibility, screening,
and identification to complement the systematic literature review process [21].

Some of the initially collected publications were excluded whether they were not
directly connected to the research topic (e.g., digital asset management papers that referred
to digital sources instead of infrastructure assets), and where they were irrelevant (e.g.,
where papers referred to a name of a digital asset instead of physical infrastructure assets).
Full papers were then reviewed using an excel database that the first author had previously
developed for other SLR studies [28,29] to code the key information.

Descriptive and thematic analysis was used as to categorise and synthesise the dis-
tribution and patterns of the reviewed literature. The descriptive analysis describes the
research context, research distribution, types of data, methods, journal outlets, and geo-
graphic distribution. The thematic analysis highlights the emergent themes in the digital
infrastructure asset management landscape and the knowledge gaps [30]. The articles were
coded and categorised into several themes using the NVivo software. Two coders were
involved to ensure internal validity through inter-coder reliability. After coding emergent
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themes, the coded outcomes were synthesised into summary tables on infrastructure asset
information.

Figure 2. Flow of information through the different phases of a systematic review using PRISMA statement (Reprinted with
permission from [19]).

3. Descriptive Analysis and Discussion

The descriptive analysis describes the research context, research distribution, types
of data, methods, journal outlets and geographic distribution. The authors consider the
researcher journey in exploring DE, through publication and authorship data. We then
evaluate the typology of the publications according to focus area.

3.1. Publication and Authorship Data

Figure 3 presents the number of publications chronologically over the last two decades,
highlighting this research field’s comparatively novel nature, with an emerging narrative
about this concept. From 2010, there was a marked increase in the number of papers annu-
ally, which could be attributed to increasing attention on digital technologies and its role
in infrastructure asset management. There are then two time periods where publications
suddenly declined (2015, 2019–2020). Such patterns could be due to a number of reasons,
including initial focus on structure geometry and semantics and the shift in focus after 2015
to BIM and big data which needed more time for in-depth investigations, and subsequently
COVID-19-related research and publication challenges in 2019–2020. It is also possible
that near-ready papers from 2014–2015 were subsequently published on top of the existing
publication rate.

Figure 4 indicates the geographic distribution and number of articles organised by
the first authors. By Nation, researchers have been active in the United States of America.
Regionally, most research was recorded in Europe, followed by Australasia.

There were 34 research papers about infrastructure assets in general (including two or
more liner assets). A summary of research papers by asset types is provided in Figure 5,
noting that these infrastructure types are not mutually exclusive (some publications focused
on more than one type of infrastructure).
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Figure 3. Publication distribution over the period of 1998 to 2020.

Figure 4. Geographical distribution of digital infrastructure asset management research (1998–2020).

Figure 5. Types of assets used as focus/examples in the reviewed publications (1998–2020).
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With regard to the sector of focus, most articles were from the building and engineering
(39 per cent) construction management (28 per cent), and then transport, technology, and
computer science disciplines. More than half of the publications were journal articles
(61 per cent).

Of the total, 61 per cent of papers were from journal publications, including a signifi-
cant proportion from the field of Construction. This indicates suitable outlets to publish
digital infrastructure asset management-related articles and shows that the Automation
in Construction journal has significantly contributed to this field of digital infrastructure
asset management research. Papers were also published in fields such as economics (n = 1),
information management/information systems (n = 1), manufacturing engineering (n = 1),
project management (n = 1), and social sciences (n = 1); 39 per cent were conference papers
representing conferences such as the International Conference on Computing in Civil
and Building Engineering and the International Conference on Computing in Civil and
Building Engineering.

3.2. Publication Typology (Approaches, Applications, and Models)

Figure 6 illustrates the key literature reviewed as a mind map, categorised according
to approaches, applications, and models. The codes and the details of the key literature are
provided in the Supplementary File.

Figure 6. Themes associations within the digital infrastructure asset management domain (serial numbers are presented in
Supplementary Materials).

4. Thematic Analysis and Discussion

In the following paragraphs, the thematic findings of the structured literature review
are discussed under three key themes: (1) DE tools and their AIRs; (2) Interoperability and
integration of DE tools across IAM platforms; and (3) Application of DE tools to enable
resilient linear infrastructure outcomes.
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4.1. DE Tools and Their AIRs

A variety of DE technologies have evolved over the past 20 years, determining poten-
tial integrative digital approaches in the transport infrastructure management domain [23].

These include Building information modelling (BIM), Geographic Information System
(GIS), Computer Aid Designs (CAD), Civil/Construction Information Modelling (CIM),
Bridge Information Modelling, 3D, 4D, and 5D modelling design, and other techniques [7].
The authors then grouped this range of tools into four themes, namely: data management,
data sensing, data modelling/visualisation, and data monitoring inspired by categorisation
of [7,31]. The resultant detailed list is attached in Appendix A.

Considering these tools/processes and the variety of information requirements, we
synthesized the findings into a ‘Digital Technology Information Matrix’ (Table 3) to support
practitioners and decision-makers in choosing appropriate DE tools and processes for
digitizing asset information requirements. Within the matrix, the four themes are the same
as those used in the detailed mapping described above. The AIR categories are those used
in the publicly available standard PAS 1192-3 Asset Management Standard.

The Matrix highlights that there are substantially more digital tools for data manage-
ment, modelling, and visualisation, than tools for monitoring and sensing. The themes are
discussed in more detail in the following paragraphs, with reference to the literature from
the review.

4.1.1. Data Management, Modelling/Visualization

Data management is critical for capturing essential information requirements and en-
ables better facility management practices at the operation phase of a project. The Internet
of Things (IoT) and Artificial Intelligence (AI) were often referred to in the literature as
helpful interventions to manage complex asset data. Eight tools were elicited from the liter-
ature that focused on managing data and modelling/visualising through digital platforms.
These included as-built drawings and models, Asset Information Models (AIM), Building
Information Modelling (BIM), Bridge Information Modeling (BrIM), Bridge Management
System (BMS), Civil Integrated Management (CIM), Computer-aided design (CAD), and
eRIM (electronic Requirements Information Management). Industry Foundation Classes
(IFC) data formats were also often highlighted due to their features related to platform-
neutral, open file format specifications that are not controlled by a single vendor or group
of vendors [32].

For example, Asset Information Models (AIM) capture the data and information nec-
essary to support asset management while offering graphical and non-graphical data and
information. An AIM can be formed from existing asset information systems, from new
information, or from information in a Project Information Models [33]. Previous research
provides evidence in using Building information models in transport infrastructure to
improve constructor business processes and the effective governance and value of informa-
tion [6]. Zak and Macadam [34] add to this by providing evidence for using BIM in several
virtual design and construction practices using the experiences with new technologies
gained from the application of BIM related workflows. Successful implementation of BIM
on bridge projects requires four key steps: (1) selecting high value BIM uses; (2) creating
the BIM execution process; (3) evaluating the BIM deliverables; and (4) forming the in-
frastructure [35]. Blanco and Chen [36] provide evidence of using Building Information
Modelling in the United Kingdom by the Transport Industry to show how this working
approach achieves cost savings and environmental benefits.
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Civil Integrated Management (CIM) (inspired by BIM for construction) was defined
as a system which facilitates the collection, organisation, and managed accessibility to
accurate data and information related to an infrastructure asset. This model quantified
parameters such as errors, omissions, and information redundancy [7] to facilitate data
integration throughout the asset life cycle. It is a commonly used approach for integration
for data and construction activities and advances visualisation. The quality of as-built
documents for electrical systems was quantified using a system information model.

While modelling and visualisation are considered as one of the most comprehensible
forms of digital engineering, it is critical to understand the role of the computable data
behind the model as well. Sankaran et al. [37] provide evidence for using CIM for 3D design
and for terrain modelling and advance visualisation of structures. The implementation of
CIM is influenced by factors including contract specifications, project delivery, and budget.
Sankaran et al. [38] added to this conversation by assessing the modelling practices in large
infrastructure projects, presenting key challenges and opportunities for integrating CIM
for design and construction initiatives. Challenges to such outcomes include insufficient
data collection techniques, limited expertise and competencies of the designers, and data
incompatibility. The benefits of CIM was established through research by Yabuki et al. [39]
including visualisation, automated clash detection and quantity take-off.

The concept of a ‘digital twin’ has been rapidly gaining popularity as a full digital
representation of a physical asset, process, or system, as well as the engineering information
that allows us to understand and model its performance [23]. It is a vital component of the
DE framework, as shown in Figure 1. Typically, a digital twin can be continuously updated
from multiple sources demonstrating high potential for asset lifecycle management [40].
The main advantages of digital approaches and its application for asset management
and logistics were highlighted as reducing cost, delivery time, increased reliability, and
flexibility [23]. Some research has pointed out the limitations of digital technologies such
as computer-aided designs in terms of efficacy, cost, and resultant errors [41].

4.1.2. Data Sensing

Data sensing includes digital technologies such as GIS and GPS that leverages spatial
capabilities. Fraga-Lamas et al. [42] presented a holistic approach to leverage the Industrial
Internet of Things (IoT) for railway management building on previous research on pre-
dictive maintenance, smart infrastructure, advanced monitoring, and freight information
systems the proposed approach. The web-based GIS was used for land and building
management for data management while maintaining data integrity [43].

These approaches are critical in moving forward towards future proofing assets and
networks, enabling the Architecture, Engineering, Construction, and Operations (AECO)
sector to provide a platform for researchers and policymakers and practitioners to advance
their knowledge and capabilities [2]. The use of sensors, mobiles, open data, and laser
technology has received much attention from researchers worldwide. Sánchez-Rodríguez
et al. [44] showed that laser scanning technologies along with tailored processing tolls offer
data for structural functions yielding significant results. By using sensor technology, it was
claimed that some observed data from the design and construction phases could inform
asset register primary stages. Big data analytics have proven effective decision-making in
highway infrastructure [45].

4.1.3. Data Monitoring

Through monitoring assets throughout their life cycle, asset managers can systemati-
cally follow-up tasks and capture data during changes to successfully deliver the project.
For example, structural health monitoring provides a diagnosis of the structure state during
the life of a structure [46,47]. Petri-net models enable different data calibration techniques
and different data sources and can interact with one another to model element deteriora-
tion, inspection, and maintenance [48]. An artificial neural network (ANN) can be used
to rapidly determine the fatigue life remaining at the site. Although identifying crack
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patterns that may arise in future, the ANN is used to assure a robust and reliable artificial
model [49].

4.2. Interoperability and Integration of DE Tools across Platforms

While there is a range of DE tools available for digitalising asset information require-
ments, it is critical to ensure easy transfer of data files across different platforms [33]. This
process needs to be efficient and to reduce the additional attempts to convert and re-convert
files from across platforms. This phenomenon is described as interpretability which is “a
characteristic of a product or system, whose interfaces are completely understood, to work
with other products or systems, at present or in the future, in either implementation or
access, without any restrictions” [33]. However, this has become a challenging situation for
many commonly used electronic/digital processes.

4.2.1. Overcoming Task Duplication

In order to overcome the duplication of tasks and converting data from one format
to another, improving interoperability has emerged as a targeted approach to enable the
realisation of long-term strategic objectives, amelioration of data integration, augmented
knowledge management, and enhanced performance measurement. This could be done
through enriched training and competence development for facility managers and asset
managers to better manage with the ad hoc, variable range of services [50]. More than 15
years ago, Halfawy et al. [51] defined requirements for standard data models. Through
this research, the criticality of interoperability from an asset management perspective was
re-iterated. In addition, the contribution of geographic information systems for efficient
management of life cycle data was highlighted [52].

Around the same time, Shirole et al. [53] emphasised the complex nature of bridge
data at the project level, and this situation has been aggravated by the increased number
of “stove-piped” software applications augmented with a variety of accompanying file
formats. This has proliferated over the years without proper consideration of functional
interoperability (Shirole, Chen, and Puckett) [53]. It was suggested potential opportunities
for means of leveraging bridge data from the design stage in contrast to the traditional
approach to enhance the project viability of integrated, project delivery, and effective
life-cycle management via a prototype integrated system. This system aims to exchange
data and applications throughout the bridge life cycle [53]. These examples re-iterate the
importance of the interoperability function of DE tools and data for easy access of users.

4.2.2. Taking Advantage of Multiple Systems

The reviewed literature contained a number of papers discussing hybrid systems that
can help to achieve more effective outcomes when used as integrated approaches to asset
management. Table 4 summarises five key integrated digital asset management models
which demonstrate a variety of applications to improve communications, collaboration, vi-
sualisation, and data integration. These integrated tools support decision-making through
addressing project delivery challenges, information traceability and accountability through
the lifecycle of assets, and allowing for faster delivery with better outcomes.

With the increasing attention on social networking, crowdsourcing system for inte-
grated IAM has the capability to cater to the requirements of multiple stakeholders through
enhanced communication [1]. This system will enable the phases of management, opera-
tions and repair a series of interdependent infrastructure facilities. This show evidence of a
system to enhance communication transparency and effectiveness of asset management,
while reducing the risks in repair and maintenance phases.

Kurwi et al. [54] highlight the opportunity of using BIM with GIS as a potential
coupled approach to enhance collaboration for better decision among key stakeholders.
Furthermore, collaborative forms of procurement are recommended, along with the use
of Building Information Modelling and Systems Information Modelling. GIS has gained
much popularity among asset owners and managers and highlights the prospect of the
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development of iSRE for geological disposal projects as a meaningful tool for repository
design [55]. BIM can also be augmented with VR and AR technologies for better function-
alities, including virtual walkthrough, schedule visualisation, clash detection, and as-built
modeling [56].

Liapi [57] suggested 4D technology that makes use of a comprehensive 3D project
database for the visualisation of construction scheduling. Integration of geotechnical
data with BIM processes is expected to provide significant cost and time savings in major
infrastructure projects. Tawelian and Mickovski [58] establish this with case study evidence
of design and construction road embankment in Scotland. Applying a real-time, dynamic,
three-dimensional building information model for alignment of data was emphasised by
Huang et al. [59] using a case study of west main tracks of the Qidu Switchyard of Taiwan
Railways Administration.

Table 4. Integrated tools for digital infrastructure asset management (1998–2020).

Examples of Integrated Tools Key Feature/Application Key Reference/s

Crowdsourcing integrated
IAM

• Enhance communication
transparency

• Improving the effectiveness of
asset management

[1]

BIM integrated with GIS and
geotechnical data

• Virtual design and construction
practices using the experiences with
new technologies gained from the
application of BIM related workflows

• Combining with geotechnical data
• Achieves cost savings and

environmental benefits
• Collaborative forms of procurement
• Financial and time management of

infrastructure bridges.

[54,55]

BIM integrated with Virtual
reality and augmented reality

• Enhance its functionalities, including
virtual walkthrough, schedule
visualization, clash detection, and
as-built modeling.

• Asset management functions during
the maintenance and operation phase
of facilities

[56]

4D technology integrated with
3D database

• Improving visualization of
construction scheduling

• Creating photo-realistic animations
that can facilitate the dissemination of
traffic measures

[57]

Mobile model-Based Bridge
Lifecycle Management System

• Integrates 4D bridge models with
Building Management Systems

• Links all the information about the
lifecycle stages of a bridge

• Supports distributed databases and
mobile location-based computing

[60]
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The Model-Based Bridge Lifecycle Management System houses all relevant infor-
mation about the lifecycle stages of a bridge to a 4D model of the bridge incorporating
different scales of space and time to record events throughout the lifecycle with suitable
levels of details (LoDs). Furthermore, this system supports distributed databases and
mobile location-based computing [60].

Implementing digital engineering models, especially in multiple DE system is costly.
Therefore, public–private partnerships (PPP) have emerged as a targeted mechanism for
addressing infrastructure capital investment backlogs [61]. Due to the dynamic nature
due to change of scope in construction projects, the original contractual value might vary
during its phases which highlight the significant need for public and private sector asset
owners to implement a cost contingency approach. Another author added to this dialogue
by stating the importance of adopting cost contingency approaches [62]. It was emphasised
that using a probabilistic instead of a deterministic approach will increase the capacity
to accommodate the scope changes and enable to achieve best outcomes through using
multiple DE systems.

4.3. Application of DE Tools to Enable Resilient Linear Infrastructure Outcomes

Drawing on the literature review, the authors have identified several infrastructure
types to embed digital infrastructure into transport infrastructure, comprising bridges,
roads, and railways. The following sections provide details on specific systems being
applied for each of these infrastructure types.

4.3.1. Bridge Infrastructure

Bridge management and monitoring using digital technologies have been researched
vastly over the last two decades. Among the key research findings, Jeong, Hou, Lynch,
Sohn, and Law [46] present an information modelling framework for supporting bridge
monitoring applications building on previous work on the OpenBrIM standards. This
framework comprises the information relevant to engineering analysis and sensor network
aiming for scalability, flexibility, and performance.

While data related to bridge management is complex as it contains detailed data
related to the project life cycle, there is a number of accompanying file formats that have
emerged, aiming for functional interoperability, and enabling such data to be optimised
throughout the life cycle [53]. Shim et al. [63] used digital mock-up, parametric model
combined with 4D and 5D simulation to model the construction stage of a bridge to improve
bridge construction project. Considering the whole visualisation of bridge elements and
associated information, Marzouk and Hisham [64] developed a BrIM framework to store
data and inspect spreadsheets based on Structured Query Language statements. This
framework also could integrate BrIM with advanced analytical calculations of bridge
structural conditions. To ensure the data integrity throughout the asset life cycle, Karaman
et al. [65] proposed a 3D control curve which captures bridge geometrical data, exchanges
associated with analysis, design, detailing for fabrication, erection, and construction. The
critical need for standard data models for the life cycle of rail was further emphasised
by [32]. Mawlana et al. [66] have proposed a novel approach to develop reconstruction
phasing plans while calculating the relevant stochastic spatiotemporal interactions. This
proposed approach consists of a constraint-based system and 4D modelling to achieve a
feasible sequence to support sections to be constructed or demolished.

4.3.2. Road and Highway Infrastructure

Advance technologies such as BIM have proven capabilities to support road design,
planning, and maintenance during their asset life cycle. BIM can support in managing
the flow of information aligned with the asset life cycle. Brous et al. [67] highlight the
criticality of organising data structures and dealing with complex data to achieve a multi-
faceted appreciation for data governance. The authors evaluated the conditions and
factors for effective sustainable development to model efforts of data governance on data
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infrastructure. To address the dynamic nature of transport networks, a comprehensive asset
integrity management approach was presented by Fuggini et al. [68] to replace existing the
time-based strategy with the performance-based strategy to improve service availability
and reduce cost. Trojanová [69] emphasised the importance of strategic asset management
for road networks in Slovakia.

4.3.3. Railway Infrastructure

Durazo-Cardenas et al. [70] proposed an integrated approach that fuses asset moni-
toring, planning, and scheduling to be applied for a range of scenarios including complex
systems with abundant sensors with monitoring systems. This system design also has the
capacity for the automatic maintenance and resource sequence factoring the accounted
costs. The importance of digitalisation and the use of smart technologies for future-proofing
of infrastructure assets was emphasised by Love, Zhou, Edwards, Irani, and Sing [62].
Furthermore, Whyte et al. [71] added that asset information can be managed through
digital platforms using relatively hierarchical, asynchronous, and sequential processes to
manage complex projects.

To address the variations of the scoping in construction projects, the improved ca-
pability of cost contingency using probabilistic rather than a deterministic approach was
highlighted [12]. To achieve this goal, a collaborative approach using BIM and System
information modelling is important. In addition, laser scanning technology together with
targeted processing tools can provide digital data for further structural operations [44].
Yang et al. [72] presented an integrated framework addressing diverse aspects such as core
process integration, contingency management, climate change response and adaptation,
resilience, and sustainability.

5. Conclusions and Future Outlook

This SLR has examined the role of DE technologies IAM for resilient linear infras-
tructure, resulting in a Digital Technology Integration Matrix to guide practitioners and
authorities to choose appropriate tools to effectively manage infrastructure assets. This
includes a newfound appreciation of the suite of existing and emerging DE tools, and the
corresponding types of information requirements that can be digitised. While previous
studies mostly focused on using one specific DE technology [6,17,33,73], this paper pro-
vides a holistic account of the range of available DE technologies and their suitability for
different phases of the project life cycle. It also supports improved asset management
decisions, through a novel ‘Digital Technology Integration Matrix’ that can facilitate con-
tinuous flows of information from design and construction through to asset operation,
maintenance, and end-of-life repurposing or disassembly towards better business, project,
and asset management outcomes. In the face of natural and man-made disruption, the SLR
findings also demonstrate the importance of leveraging data and digital technologies for
improved future-oriented disaster response and recovery decisions about capital works
and maintenance spending.

The authors conclude the importance of a common understanding of available and
emerging technologies to digitise asset information requirements, so that authorities and
practitioners can better evaluate capture of infrastructure data for resilient outcomes.
With this knowledge, industrial practitioners can identify new prospects in digital asset
management not only towards increasing efficiency in asset management, but also for
communication, collaboration, and data integration.

This synthesis of information to date will be beneficial to both academics and industry
practitioners in obtaining valuable information on the influence of digital processes on
infrastructure asset management, and thereby provide new pathways to mainstream
digital infrastructure asset management. Furthermore, the synthesised mind map of the
DE literature for digital IAM provides a guide for other researchers to further explore how
DE can be adopted as a targeted approach to construct asset management models that are
more data-driven, and accessible with improved level of interoperability. It was evident
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that technologies such as Building Information Modelling (BIM) have emerged as the
prevailing digital approach to asset management due to their fully integrated systems for
collecting, managing, and utilising building data across all phases of the asset life cycle [73].
Specifically, Building Information Modelling (BIM), as an intelligent 3D model-based
process to inform and communicate project decisions, has demonstrated capacity in the
design and construction stages of linear infrastructure [8]. Furthermore, the ‘digital twin’
has also been rapidly gaining popularity as a full digital representation of a physical asset,
process, or system, as well as the engineering information that allows us to understand
and model its performance. It is also a critical component of the DE framework and has
the ability to be continuously updated from multiple sources demonstrating high potential
for asset lifecycle management [40].

The SLR has implications for academics and industrial practitioners working in the
DE domain. For the IAM sector, this SLR shows a clear opportunity to conduct further
research studies that can be focussed on the research gaps related to:

• Evaluating barriers and enablers for integrating digital engineering for infrastructure
asset management

• Applying hybrid digital engineering technologies and simulations within road, rail,
bridge, and tunnel management

• Investigating the temporal, spatial and logical relationships between information
categories and pathways to leverage DE tools to map these relationships

Herein, researchers could identify barriers for digital IAM and then collect data to
investigate the potential of DE applications and simulations within the road, rail, bridge,
and tunnel management. Additionally, similar studies will continue to test and validate
the applicability of the suggested Technology Integrated Matrix (TIM).
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Appendix A

Table A1. The resultant detailed list.

Digital Process/Model Type Key Features
Key Information

Requirements/Data
Key Reference/s

Data Management, Modelling/Visualisation

As-built drawings
and models

• Facilitates data capturing
and documentation

• Enables better facility
management practices at
the operation phase of
a project

• Dimensions, geometry,
and location of all
components of
the project

[7,74]
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Table A1. Cont.

Digital Process/Model Type Key Features
Key Information

Requirements/Data
Key Reference/s

AIM (Asset Integrity
Management)

• Considers the dynamic
nature of the transport
network

• Manages design, repair
and maintenance
planning of
infrastructures

• Value of assets
• Asset performance [68]

Building Information
Modeling (BIM)

• Generates, builds and
manages rail
infrastructure data
throughout their lifecycle

• Creates a field verifiable
‘as-built’ models

• Manages assets and the
network during its
operations and
maintenance

• Enables information
about component to be
attached to a
corresponding object

• Offers financial and
technical benefits to
stakeholders

• BIM standard, BIM
protocol, BIM guideline,
BIM project

• Non-geometric
execution guide

[1,6,7,34,36,37,45,54,58,59,62,
65,71,72,75–92]

Bridge Information
Modeling (BrIM)

• Focuses on bridges as an
extension of BIM

• Captures unique features
like roadway alignment
and girder camber

• Facilitates design,
construction, and
fabrication

• Offers financial and
technical benefits to
stakeholders

• Warranty information,
• cost (to replace, maintain

etc.),
• System visualisation
• System performance

information,
• Locations of panels and

valves that control
equipment (e.g.,
electrical

• Panel location, shut off
valve location),

• Sequence of operation
(start-up/shut down
information),

• Maintenance history
• BMS Operation
• Monitoring/tracking
• Location
• Commissioning

information
• Design criteria

[46,64,78,84,93–95]
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Table A1. Cont.

Digital Process/Model Type Key Features
Key Information

Requirements/Data
Key Reference/s

BMS (Bridge Management
System)

• Enables better
operability

• Acts as a platform to
connect key stakeholders

• Facilitates management
and maintenance of
bridges network that
organises all the
management and
maintenance activities

• General information
(location, name, type,
load capacity, etc.),

• design information and
physical properties of the
elements

• Inventory data,
• Regular inspection

records
• Condition and strength

assessment reports
• Repair and maintenance

records,
• Cost records

[64,69,74,84,96,97]

CiM (Construction/Civil
Information Modelling)

• Shares information for
the life cycle of a
building, structure, or
asset

• Models transport
infrastructure in the
design phase

• Enables collection,
organisation, and
managed accessibility to
accurate data and
information related to a
facility

• Captures key digital
technologies that
provide managers with
opportunities to use
accurate data and
information

• Enablers advanced
visualisation

• Operational data
• Cost [37,78]

Computer-aided design
(CAD)

• Enables design, create,
document and manage
information

• Replaces manual
drafting with an
automated process

• Design information
• Space related

characteristics
[7,12,41,50,71]
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Table A1. Cont.

Digital Process/Model Type Key Features
Key Information

Requirements/Data
Key Reference/s

eRIM (electronic
Requirements Information

Management)

• Defines an
information-centric,
andprocess and
service-oriented
enterprise architecture
approach to
requirements
management

• Improves and more
efficient and effective
management of client
requirements across all
stages of a project

• Client requirements [98]

Parametric Modelling

• Describes dependencies
between the geometric
entities of the different
levels of detail

• Parametric geometry
descriptions [65,86]

Multiscale Modelling

• Provides the possibility
for a stringent definition
of dependencies between
individual geometric
elements on different

• levels of detail

• Scale
• Multiple levels of detail [99]

Multidimensional (nD)
Modelling

• Models parameters such
as schedule, cost, and
quality

• Describes the whole
process of the
construction.

• Allows direct extraction
of any technical
information such as
object specifications and
attributes from the nD
model

• Enables using and
exchanging information
based on nD model
among different
stakeholders

• Improves the
interoperability during
the construction process.

• Cost Breakdown
Structures (CBS)

• Risk Breakdown
Structures (RBS)

• Schedule
• Cost, and quality
• Geometric and

management
information

[100]

Geometrical Modelling

• Defines dependencies
between geometric
entities on different LoDs

• Geometric information
• Semantic information [101,102]
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Table A1. Cont.

Digital Process/Model Type Key Features
Key Information

Requirements/Data
Key Reference/s

3D Modelling

• Explores different design
alternatives and
cost/schedule

• Compares different
alternatives early in the
design/construction
process when they make
the biggest impact on
building life-cycle costs.

• Cost
• Schedule [44,50,53,63,80,83,102,103]

4D Modelling

• Displays animated
stages in the geometry of
a building that reflects
consecutive activities in
its construction schedule

• Allows automatic
generation of a computer
animation file for the
visualisation of project
planning

• Geometric information
• Photorealistic

representations
• Construction documents.

[57]

Virtual Prototyping
Simulation (VPS)

• Simulates different
construction scenarios in
order to help planners
identify optimal
construction plans.

• Assesses different
scenarios and
alternatives in the
planning phase

• Enables planners attain
optimal plans for bridge
construction projects

• Construction
information

• Geometric information
• Equipment details

[104]

Digital Twin modelling

• Has the capability to be
continuously updated
from multiple sources

• Including sensors and
continuous surveying, to
represent its near
real-time status, working
condition, or position

• Sensory data
• Quality inspection

information
[23]

Sensing

Global Positioning System
(GPS)

• Assists navigation
• Assists the integration

and delivery of
information about
disaster prevention and
mitigation

• Spatial data/location
data [105]
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Table A1. Cont.

Digital Process/Model Type Key Features
Key Information

Requirements/Data
Key Reference/s

Geographic
Information Systems (GIS)

• Allows spatial utility
information to
besystematically
visualised, analysed, and
updated

• Integrates building
information modelling
(BIM) models

• Spatial data/location
data [43,45,51,54,80,106–108]

Monitoring

SHM (Structural Health
Monitoring)

• Provides diagnosis of the
state of the structure
during the life of a
structure

• Performance data [46,47]

Petr-net model

• Enables different data
calibration technique
and different sources of
data.

• The modules interact
with one another to
model element
deterioration, inspection
and maintenance.

• Technical data [48]

Artificial neural networks

• Enables nonlinear
statistical data modelling

• Models relationships
between inputs and
outputs

• Crack locations of
bridges

• Crack pattens and their
widths

[49]

References

1. Ng, S.T.; Xu, F.J.; Yang, Y.; Li, H.; Li, J. A social networking enabled crowdsourcing system for integrated infrastructure asset
management. In Proceedings of the Construction Research Congress, American Society of Civil Engineers (ASCE), New Orleans,
LA, USA, 2–4 April 2018; pp. 322–331.

2. Roberts, C.; Pärn, E.; Edwards, D.; Aigbavboa, C. Digitalising asset management: Concomitant benefits and persistent challenges.
Int. J. Build. Pathol. Adapt. 2018, 36, 152–173. [CrossRef]

3. Sun, Y.; Ma, L.; Robinson, W.; Purser, M.; Mathew, A.; Fidge, C. Renewal decision support for linear assets. In Engineering Asset
Management and Infrastructure Sustainability; Springer: Amsterdam, The Netherlands, 2012; pp. 885–899.

4. Hayes, S.; Desha, C.; Burke, M.; Gibbs, M.; Chester, M. Leveraging socio-ecological resilience theory to build climate resilience in
transport infrastructure. Transp. Rev. 2019, 39, 677–699. [CrossRef]

5. Aktan, A.E.; Bartoli, I.; Karaman, S.G. Technology Leveraging for Infrastructure Asset Management: Challenges and Opportuni-
ties. Front. Built Environ. 2019, 5, 61. [CrossRef]

6. Bradley, A.; Li, H.; Lark, R.; Dunn, S. BIM for infrastructure: An overall review and constructor perspective. Autom. Constr. 2016,
71, 139–152. [CrossRef]

7. Love, P.E.; Zhou, J.; Matthews, J.; Lavender, M.; Morse, T. Managing rail infrastructure for a digital future: Future-proofing of
asset information. Transp. Res. Part A Policy Pract. 2018, 110, 161–176. [CrossRef]

8. Hampson, K.; Wang, J.; Drogemuller, R.; Wu, P.; Omrani, S.; Shemery, A. Digital Asset Information Management (DAIM): Case
Studies; Final Case Studies Report, Project 2.51; Sustainable Build Environment National Research Centre: Bentley, WA, Australia,
2018.

9. Caldera, S.; Mohamed, S.; Mostafa, S.; Desha, C. Digital engineering for resilient road infrastructure outcomes: Evaluating critical
asset information requirements. J. Sustain. Dev. Energy Water Environ. Syst. 2020. [CrossRef]

271



Sustainability 2021, 13, 11965

10. Australian Government The Department of Transport Infrastructure. Cities and Regional Development. National Digital
Engineering Policy Principles. Available online: https://www.infrastructure.gov.au/infrastructure/ngpd/files/Principles-for-
DE_Template_2.pdf (accessed on 3 March 2019).

11. New South Wales Government, Transport for New South Wales (T.f.W.S.W). Digital engineering Framework. Available online:
https://www.transport.nsw.gov.au/digital-engineering/digital-engineering-framework (accessed on 20 May 2020).

12. Love, P.E.; Zhou, J.; Matthews, J.; Luo, H. Systems information modelling: Enabling digital asset management. Adv. Eng. Softw.
2016, 102, 155–165. [CrossRef]

13. Huang, J.; Gheorghe, A.; Handley, H.; Pazos, P.; Pinto, A.; Kovacic, S.; Collins, A.; Keating, C.; Sousa-Poza, A.; Rabadi, G. Towards
Digital Engineering—The Advent of Digital Systems Engineering. arXiv Prepr. 2020, arXiv:2002.11672. [CrossRef]

14. PSCG. Asset Information Requirements. Available online: https://www.designingbuildings.co.uk/wiki/Asset_information_
requirements_AIR (accessed on 20 November 2019).

15. Desha, C.; Caldera, S. Foundations and horizons: The critical role of international coursework to engage students in engineering
for the 21st century. In Proceedings of the WEC2019: World Engineers Convention, Melbourne, VIC, Australia, 20–22 November
2019; p. 1261.

16. Caldera, S.; Mostafa, S.; Desha, C.; Mohamed, S. Integrating Disaster Management Planning into Road Infrastructure Asset
Management. Infrastruct. Asset Manag. 2021, 1, 1–14. [CrossRef]

17. Jang, R.; Collinge, W. Improving BIM asset and facilities management processes: A Mechanical and Electrical (M&E) contractor
perspective. J. Build. Eng. 2020, 32, 101540.

18. Okoli, C.; Schabram, K. A guide to conducting a systematic literature review of information systems research. Sprouts Work. Pap.
Inf. Syst. 2010, 10, 1–39. [CrossRef]

19. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; The PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef] [PubMed]

20. Rousseau, D.M.; Manning, J.; Denyer, D. 11 Evidence in management and organizational science: Assembling the field’s full
weight of scientific knowledge through syntheses. Acad. Manag. Ann. 2008, 2, 475–515. [CrossRef]

21. Denyer, D.; Tranfield, D. Producing a systematic review. In The Sage Handbook of Organizational Research Methods; Bryman,
D.A.B.A., Ed.; Sage Publications Ltd.: Thousand Oaks, CA, USA, 2009; pp. 671–689.

22. Mostafa, S.; Chileshe, N.; Abdelhamid, T. Lean and agile integration within offsite construction using discrete event simulation:
A systematic literature review. Constr. Innov. 2016, 16, 483–525. [CrossRef]

23. Macchi, M.; Roda, I.; Negri, E.; Fumagalli, L. Exploring the role of digital twin for asset lifecycle management. IFAC PapersOnLine
2018, 51, 790–795. [CrossRef]

24. Saunders, M.; Lewis, P.; Thornhill, A. Research Methods for Business Students; Pearson: Harlow, UK, 2012; Volume 6.
25. Levy, Y.; Ellis, T.J. A systems approach to conduct an effective literature review in support of information systems research. Inf.

Sci. Int. J. Emerg. Transdiscipl. 2006, 9, 181–212. [CrossRef]
26. Briner, R.B.; Denyer, D. Systematic review and evidence synthesis as a practice and scholarship tool. In Handbook of Evidence-Based

Management: Companies, Classrooms and Research; Oxford University Press: New York, NY, USA, 2012; pp. 112–129.
27. Booth, A.; Sutton, A.; Papaioannou, D. Systematic Approaches to a Successful Literature Review; Sage: London, UK, 2016.
28. Caldera, S.; Ryley, T.; Zatyko, N. Developing a marketplace for construction and demolition waste based on a systematic

quantitative literature review. In Proceedings of the 1st Asia Pacific Sustainable Development of Energy Water and Environment
Systems, Gold Coast, QLD, Australia, 6–9 April 2020.

29. Caldera, H.T.S.; Desha, C.; Dawes, L. Exploring the role of lean thinking in sustainable business practice: A systematic literature
review. J. Clean. Prod. 2017, 167, 1546–1565. [CrossRef]

30. Ward, V.; House, A.; Hamer, S. Developing a framework for transferring knowledge into action: A thematic analysis of the
literature. J. Health Serv. Res. Policy 2009, 14, 156–164. [CrossRef] [PubMed]

31. Belmont, D.; Hade, K.; Sefah, K. Digital Asset Performance Management—Taking Utility Asset Management to the Next Level.
Clim. Energy 2020, 37, 9–14. [CrossRef]

32. Lee, S.-H.; Kim, B.-G. IFC extension for road structures and digital modeling. Procedia Eng. 2011, 14, 1037–1042. [CrossRef]
33. Xia, J. What Interoperability Really Means in a BIM Context? Available online: https://www.bimmodel.co/single-post/2016/09/

05/What-Interoperability-really-means-in-a-BIM-context (accessed on 20 September 2019).
34. Zak, J.; Macadam, H. Utilization of building information modeling in infrastructure’s design and construction. IOP Conf. Ser.

Mater. Sci. Eng. 2017, 236, 012108. [CrossRef]
35. Marzouk, M.; Hisham, M.; Ismail, S.; Youssef, M.; Seif, O. On the use of building information modeling in infrastructure bridges.

In Proceedings of the 27th International Conference on Applications of IT in the AEC Industry, Cairo, Egypt, 16–18 November
2010; pp. 1–10.

36. Blanco, F.G.B.; Chen, H. The implementation of building information modelling in the United Kingdom by the transport industry.
Procedia Soc. Behav. Sci. 2014, 138, 510–520. [CrossRef]

37. Sankaran, B.; Nevett, G.; O’Brien, W.J.; Goodrum, P.M.; Johnson, J. Civil Integrated Management: Empirical study of digital
practices in highway project delivery and asset management. Autom. Constr. 2018, 87, 84–95. [CrossRef]

272



Sustainability 2021, 13, 11965

38. Sankaran, B.; France-Mensah, J.; O’Brien, W.J. Data Integration Challenges for CIM in Large Infrastructure: A Case Study of
Dallas Horseshoe Project. In Proceedings of the 16th International Conference on Computing in Civil and Building Engineering,
Osaka, Japan, 6–8 July 2016.

39. Yabuki, N.; Aruga, T.; Furuya, H. Development and application of a product model for shield tunnels. In Proceedings of the
ISARC. Proceedings of the International Symposium on Automation and Robotics in Construction, Montreal, QC, Canada, 11–15
August 2013.

40. Lu, Q.; Xie, X.; Parlikad, A.K.; Schooling, J.M.; Konstantinou, E. Moving from building information models to digital twins for
operation and maintenance. Proc. Inst. Civ. Eng. Smart Infrastruct. Constr. 2020, 172, 1–11. [CrossRef]

41. Love, P.E.; Zhou, J.; Sing, C.-P.; Kim, J.T. Documentation errors in instrumentation and electrical systems: Toward productivity
improvement using System Information Modeling. Autom. Constr. 2013, 35, 448–459. [CrossRef]

42. Fraga-Lamas, P.; Fernández-Caramés, T.M.; Castedo, L. Towards the Internet of Smart Trains: A Review on Industrial IoT-
Connected Railways. Sensors 2017, 17, 1457. [CrossRef] [PubMed]

43. Ginardi, R.H.; Gunawan, W.; Wardana, S.R. WebGIS for Asset Management of Land and Building of Madiun City Government.
Procedia Comput. Sci. 2017, 124, 437–443. [CrossRef]

44. Sánchez-Rodríguez, A.; Riveiro, B.; Soilán, M.; González-deSantos, L. Automated detection and decomposition of railway tunnels
from Mobile Laser Scanning Datasets. Autom. Constr. 2018, 96, 171–179. [CrossRef]

45. Aziz, Z.; Riaz, Z.; Arslan, M. Leveraging BIM and big data to deliver well maintained highways. Facilities 2017, 35, 818–832.
[CrossRef]

46. Jeong, S.; Hou, R.; Lynch, J.P.; Sohn, H.; Law, K.H. An information modeling framework for bridge monitoring. Adv. Eng. Softw.
2017, 114, 11–31. [CrossRef]

47. Okasha, N.M.; Frangopol, D.M. Computational platform for the integrated life-cycle management of highway bridges. Eng.
Struct. 2011, 33, 2145–2153. [CrossRef]

48. Yianni, P.C.; Neves, L.C.; Rama, D.; Andrews, J.D.; Dean, R. Incorporating local environmental factors into railway bridge asset
management. Eng. Struct. 2016, 128, 362–373. [CrossRef]

49. Fathalla, E.; Tanaka, Y.; Maekawa, K. Remaining fatigue life assessment of in-service road bridge decks based upon artificial
neural networks. Eng. Struct. 2018, 171, 602–616. [CrossRef]

50. Pärn, E.; Edwards, D.; Sing, M. The building information modelling trajectory in facilities management: A review. Autom. Constr.
2017, 75, 45–55. [CrossRef]

51. Halfawy, M.R.; Vanier, D.J.; Froese, T.M. Standard data models for interoperability of municipal infrastructure asset management
systems. Can. J. Civ. Eng. 2006, 33, 1459–1469. [CrossRef]

52. Halfawy, M.R. Integration of municipal infrastructure asset management processes: Challenges and solutions. J. Comput. Civ.
Eng. 2008, 22, 216–229. [CrossRef]

53. Shirole, A.M.; Chen, S.; Puckett, J. Bridge Information Modeling for the Life Cycle. In Proceedings of the Tenth International
Conference on Bridge and Structure Management, Buffalo, NY, USA, 20–22 October 2008.

54. Kurwi, S.; Demian, P.; Hassan, T.M. Integrating BIM and GIS in Railway Projects: A Critical Review; Loughborough University:
Loughborough, UK, 2017.

55. Sugita, Y.; Kawaguchi, T.; Hatanaka, K.; Shimbo, H.; Yamamura, M.; Kobayashi, Y.; Fujisawa, Y.; Kobayashi, I.; Yabuki, N.
Development of a design support system for geological disposal using a CIM concept. In Proceedings of the International
Conference on Computing in Civil and Building Engineering, Osaka, Japan, 6–8 July 2016.

56. Salem, O.; Samuel, I.J.; He, S. Bim And Vr/Ar Technologies: From Project Development To Lifecycle Asset Management. In
Proceedings of the International Structural Engineering and Construction, Angamaly, India, 14–15 May 2020.

57. Liapi, K.A. 4D visualization of highway construction projects. In Proceedings of the Seventh International Conference on
Information Visualization, London, UK, 16–18 July 2003; pp. 639–644.

58. Tawelian, L.R.; Mickovski, S.B. The implementation of geotechnical data into the BIM process. Procedia Eng. 2016, 143, 734–741.
[CrossRef]

59. Huang, S.-F.; Chen, C.-S.; Dzeng, R.-J. Design of track alignment using building information modeling. J. Transp. Eng. 2011, 137,
823–830. [CrossRef]

60. Hammad, A.; Zhang, C.; Hu, Y.; Mozaffari, E. Mobile model-based bridge lifecycle management system. Comput. Aided Civ.
Infrastruct. Eng. 2006, 21, 530–547. [CrossRef]

61. Giglio, J.M.; Friar, J.H.; Crittenden, W.F. Integrating lifecycle asset management in the public sector. Bus. Horiz. 2018, 61, 511–519.
[CrossRef]

62. Love, P.E.; Zhou, J.; Edwards, D.J.; Irani, Z.; Sing, C.-P. Off the rails: The cost performance of infrastructure rail projects. Transp.
Res. Part. A Policy Pract. 2017, 99, 14–29. [CrossRef]

63. Shim, C.-S.; Yun, N.; Song, H. Application of 3D bridge information modeling to design and construction of bridges. Procedia Eng.
2011, 14, 95–99. [CrossRef]

64. Marzouk, M.; Hisham, M. Bridge information modeling in sustainable bridge management. In Proceedings of the ICSDC 2011:
Integrating Sustainability Practices in the Construction Industry, Kansas City, MS, USA, 23–25 March 2012; pp. 457–466.

65. Karaman, S.G.; Chen, S.S.; Ratnagaran, B.J. Three-dimensional parametric data exchange for curved steel bridges. Transp. Res.
Rec. 2013, 2331, 27–34. [CrossRef]

273



Sustainability 2021, 13, 11965

66. Mawlana, M.; Vahdatikhaki, F.; Doriani, A.; Hammad, A. Integrating 4D modeling and discrete event simulation for phasing
evaluation of elevated urban highway reconstruction projects. Autom. Constr. 2015, 60, 25–38. [CrossRef]

67. Brous, P.; Herder, P.; Janssen, M. Governing Asset Management Data Infrastructures. Procedia Comput. Sci. 2016, 95, 303–310.
[CrossRef]

68. Fuggini, C.; Manfreda, A.; Andrés, J.J.Á.; Pardi, L.; Holst, R.; Bournas, D.A.; Revel, G.M.; Chiariotti, P.; Llamas, J.; Gatti, G.
Towards a comprehensive asset integrity management (AIM) approach for European infrastructures. Transp. Res. Procedia 2016,
14, 4060–4069. [CrossRef]

69. Trojanová, M. Asset management as integral part of road economy. Procedia Eng. 2014, 91, 481–486. [CrossRef]
70. Durazo-Cardenas, I.; Starr, A.; Turner, C.J.; Tiwari, A.; Kirkwood, L.; Bevilacqua, M.; Tsourdos, A.; Shehab, E.; Baguley, P.; Xu, Y.

An autonomous system for maintenance scheduling data-rich complex infrastructure: Fusing the railways’ condition, planning
and cost. Transp. Res. Part C Emerg. Technol. 2018, 89, 234–253. [CrossRef]

71. Whyte, J.; Stasis, A.; Lindkvist, C. Managing change in the delivery of complex projects: Configuration management, asset
information and ‘big data’. Int. J. Proj. Manag. 2016, 34, 339–351. [CrossRef]

72. Yang, Y.; Ng, S.T.; Xu, F.J.; Skitmore, M. Towards sustainable and resilient high density cities through better integration of
infrastructure networks. Sustain. Cities Soc. 2018, 42, 407–422. [CrossRef]

73. Ashton, H.; Hou, L. Bridge asset management: A digital approach to modelling asset information. In Proceedings of the 17th
International Conference on Computing in Civil and Building Engineering, Tampere, Finland, 5–7 June 2018; pp. 1–8.

74. Abudayyeh, O.; Al-Battaineh, H.T. As-built information model for bridge maintenance. J. Comput. Civ. Eng. 2003, 17, 105–112.
[CrossRef]

75. Brous, P.; Herder, P.; Janssen, M. Towards modelling data infrastructures in the asset management domain. Procedia Comput. Sci.
2015, 61, 274–280. [CrossRef]

76. Bruno, S.; De Fino, M.; Fatiguso, F. Historic Building Information Modelling: Performance assessment for diagnosis-aided
information modelling and management. Autom. Constr. 2018, 86, 256–276. [CrossRef]

77. Cavka, H.B.; Staub-French, S.; Poirier, E.A. Developing owner information requirements for BIM-enabled project delivery and
asset management. Autom. Constr. 2017, 83, 169–183. [CrossRef]

78. Costin, A.; Adibfar, A.; Hu, H.; Chen, S.S. Building Information Modeling (BIM) for transportation infrastructure—Literature
review, applications, challenges, and recommendations. Autom. Constr. 2018, 94, 257–281. [CrossRef]

79. Fanning, B.; Clevenger, C.M.; Ozbek, M.E.; Mahmoud, H. Implementing BIM on infrastructure: Comparison of two bridge
construction projects. Pract. Period. Struct. Des. Constr. 2014, 20, 04014044. [CrossRef]

80. Lee, P.-C.; Wang, Y.; Lo, T.-P.; Long, D. An integrated system framework of building information modelling and geographical
information system for utility tunnel maintenance management. Tunn. Undergr. Space Technol. 2018, 79, 263–273. [CrossRef]

81. Leviäkangas, P.; Paik, S.M.; Moon, S. Keeping up with the pace of digitization: The case of the Australian construction industry.
Technol. Soc. 2017, 50, 33–43. [CrossRef]

82. Love, P.E.; Ahiaga-Dagbui, D.; Welde, M.; Odeck, J. Light rail transit cost performance: Opportunities for future-proofing. Transp.
Res. Part A Policy Pract. 2017, 100, 27–39. [CrossRef]

83. Love, P.E.; Simpson, I.; Hill, A.; Standing, C. From justification to evaluation: Building information modeling for asset owners.
Autom. Constr. 2013, 35, 208–216. [CrossRef]

84. Sacks, R.; Kedar, A.; Borrmann, A.; Ma, L.; Brilakis, I.; Hüthwohl, P.; Daum, S.; Kattel, U.; Yosef, R.; Liebich, T. SeeBridge as
next generation bridge inspection: Overview, information delivery manual and model view definition. Autom. Constr. 2018, 90,
134–145. [CrossRef]

85. Amann, J.; Singer, D.; Borrmann, A. Extension of the upcoming IFC alignment standard with cross sections for road design. In
Proceedings of the International Conference on Civil and Building Engineering Informatics, Tokyo, Japan, 22–24 April 2015.

86. Ji, Y.; Borrmann, A.; Beetz, J.; Obergrießer, M. Exchange of parametric bridge models using a neutral data format. J. Comput. Civ.
Eng. 2012, 27, 593–606. [CrossRef]

87. Borrmann, A.; Kolbe, T.H.; Donaubauer, A.; Steuer, H.; Jubierre, J.R.; Flurl, M. Multi-scale geometric-semantic modeling of shield
tunnels for GIS and BIM applications. Comput. Aided Civ. Infrastruct. Eng. 2015, 30, 263–281. [CrossRef]

88. Breunig, M.; Borrmann, A.; Rank, E.; Hinz, S.; Kolbe, T.H.; Schilcher, M.; Mundani, R.-P.; Jubierre, J.R.; Flurl, M.; Thomsen,
A. Collaborative Multi-Scale 3D City and Infrastructure Modeling and Simulation. In Proceedings of the Tehran’s Joint ISPRS
Conferences of GI Research, SMPR and EOEC 2017, Tehran, Iran, 7–10 October 2017; pp. 341–352.

89. DiBernardo, S. Integrated modeling systems for bridge asset management—Case study. In Proceedings of the Structures Congress
2012, Chicago, IL, USA, 29–31 March 2012; pp. 483–493.

90. Becerik-Gerber, B.; Jazizadeh, F.; Li, N.; Calis, G. Application areas and data requirements for BIM-enabled facilities management.
J. Constr. Eng. Manag. 2011, 138, 431–442. [CrossRef]

91. Lee, S.-H.; Park, S.; Park, J.; Seo, K.-W. Open BIM-based information modeling of railway bridges and its application concept.
In Computing in Civil and Building Engineering 2014; American Society of Civil Engineers: Reston, VA, USA, 2014; pp. 504–511.
[CrossRef]

92. Sanchez, A.; Kraatz, J.A.; Hampson, K.D.; Loganathan, S. BIM for sustainable whole-of-life transport infrastructure asset
management. In Proceedings of the 2014 IPWEA Sustainability in Public Works Conference, Tweed HeaCds, NSW, Australia,
27–29 July 2014.

274



Sustainability 2021, 13, 11965

93. Ali, N.; Chen, S.; Srikonda, R.; Hu, H. Development of concrete bridge data schema for interoperability. Transp. Res. Rec. J. Transp.
Res. Board 2014, 2406(1), 87–97. [CrossRef]

94. Markiz, N.; Jrade, A. Integrating a fuzzy-logic decision support system with bridge information modelling and cost estimation at
conceptual design stage of concrete box-girder bridges. Int. J. Sustain. Built Environ. 2014, 3, 135–152. [CrossRef]

95. Tanaka, F.; Hori, M.; Onosato, M.; Date, H.; Kanai, S. Bridge information model based on IFC standards and web content
providing system for supporting an inspection process. In Proceedings of the 16th International Conference on Computing in
Civil and Building Engineering, Osaka, Japan, 6–8 July 2016; pp. 1140–1147.
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Abstract: ‘Smart cities’ are a new type of city where stakeholders are jointly responsible for urban
management. City Information Management (CIM) is an output tool for smart city planning and
management, which assists in achieving the sustainable development of urban infrastructure, and
promotes smart cities to achieve the goals of stable global economic development, sustainable
environmental development, and improvement of people’s quality of life. Existing research has so far
established that blockchain and BIM have great potential to enhance construction project performance.
However, there is little research on how blockchain and BIM can support sustainable building design
and construction. Therefore, the aim of this paper is to explore the potential impact of the integration
of blockchain and BIM in a smart city environment on making buildings more sustainable within the
context of CIM/Smart Cities. The paper explores the relationships between blockchain, BIM and
sustainable building across the life cycle stage of a construction project. This paper queries the Web of
Science (WoS) database with keywords to obtain relevant publication, and then uses the VOSviewer
to visually analyze the relationships between blockchain, BIM, and sustainable building within the
context of smart cities and CIM, which is conducted in bibliometric analysis followed by micro
scheme analysis. The results demonstrate the value of this method in gauging the importance of
these three topics, highlighting their interrelationships and identifying trends, giving researchers an
objective research direction. Those aspects reported in the paper constitute an original contribution.

Keywords: smart cities; blockchain; building information management (BIM); city information
management (CIM); sustainable building; life cycle; VOSviewer

1. Introduction

The term ‘smart cities’ first appeared in the 1990s [1]. Since then, there have been
several definitions of smart cities. In different development periods, various stakehold-
ers will give different definitions. Among the more widely definition relates to the six
dimensions—namely, smart people, smart economy, smart governance, smart mobility,
smart life, and smart environment—to measure the development of smart cities [2]. Cities
can make further adjustments and improvements according to their own actual devel-
opment conditions, and form their own characteristic development ways. The British
Standards Institution (BSI) [3] defines the smart city as ‘the effective integration of physical,
digital and human systems in the built environment to deliver sustainable, prosperous and
inclusive future for its citizens’.

The development of smart cities takes ‘citizen-focused and improving the quality of
life of residents’ [4] as the fundamental goal, and achieves the triad of economic, social and
environmental development in the long-term development. Emerging technologies, as a
tool for urban development, acquire data and knowledge all the time around the world,
produce qualitative changes in substantial amounts of data, and promote innovation and
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change [5]. Desouza et al. [6] identify three paths to the development of smart cities: green-
field, neighborhood and platform. However, policymakers make it clear that technology is
not the core of policy making and urban development, but care for citizens is. The smart
city strategy brings innovative changes to the region that helps the region improve its image
and status, promote industrial development, attract high-quality talents, and contributes
to the formation of a smart city model that is urgently needed for resilient settlements in a
climate emergency [7]. Smart sustainable cities are currently the main development mode
adopted by cities around the world, because this mode can best respond to environmental
changes, ensure that the government is clean and honest, innovate the global network
economy, and improve the quality of life [8].

Urban development has undergone multi-stage evolution, facing the challenges of
retention and elimination, rebirth and decline, and the evolution and regeneration of
multiple industries such as agriculture and industry [9]. These changes have formed
today’s urban strategy. Every urban renewal is a process of urban iterative optimization.
Western cities have undergone five transformations, from urban reconstruction in the 1950s,
urban revitalization in the 1960s, urban renewal in the 1970s, urban development in the
1980s, to urban regeneration in the 1990s. The reform of the city improves the policies
according to the actual development challenges and opportunities of the city, so as to carry
out the systematic implementation and management of the city and improve the quality of
life of the city at the same time [5].

Taking the transformation of Barcelona’s Poblenou smart cities as a case, its develop-
ment focuses on social inclusion [10]. From a long-term perspective, the development of
the general direction is forward-looking and sustainable. Being a knowledge-intensive city
can bring the following advantages to the city:

• The influx of knowledge-based talents brings strong innovation momentum to the
society and the ability to face the challenges of urban development [11];

• Promote the construction of infrastructure and life security, such as business environ-
ment, cultural and recreational facilities, medical education, housing and transporta-
tion [12];

• Promote investment in real estate, such as talent centers, business districts, and school
districts; and in public sectors such as transportation, universities, cultural facilities,
and tourism [13];

• Promote the establishment of mutual help relationship between university education
and companies, so that the university can get practical work experience and the
company can get knowledge and skills [14];

• Promote citizens to participate in urban development discussions through dialogue [15];
• As a soft asset, knowledge can effectively create value for cities and provide more

appropriate solutions for urban management [16].

The case of Barcelona’s Poblenou smart cities shows that the construction of a smart
knowledge city requires the support of all social stakeholders, analyzes the current situation,
and develops strategic plans. The formulation of the plan requires the establishment of
a knowledge management framework based on different city characteristics, capabilities,
and limitations. Cities can learn knowledge and expertise from each other; develop
innovative solutions and sustainable strategies; and develop green, open, inclusive and
sustainable cities [17].

Sustainability is an important pillar for the development of smart cities [18]. Smart
devices and smart services have become parts of the smart cities [19], and the application
of City Information Management (CIM) can provide ideas for effectively dealing with
problems in urban construction [20]. CIM is not only an innovative and comprehensive
new infrastructure construction, but also a carrier for realizing the implementation of big
data new infrastructure, which plays a leading role in the realization of accelerating the
digital and intelligent transformation of urban industries, helping the formation of new
economic and technological forms, and in the realization of urban industrialization and
industrial urbanization [21]. Building Information Management (BIM) is a key direction of
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information management in the future construction industry [22]. Its combined platform
with GIS, data analysis tools, visualization tools, and parametric design tools constitutes
CIM [23], which provides strong support for the comprehensive management of cities. As a
part of smart city, smart buildings must also integrate sustainable development throughout
the entire life cycle. In order to make the society more sustainable, various concepts of
‘green’, ‘environmental protection’, and ‘sustainable development’ have emerged, but
there is a gap between the concept and the actual operation [24]. The realization of the
sustainable development requires technical support, however, the construction industry
has always lagged behind other sectors in the use of digital information technology [25,26].

An increasing body of work was published on BIM. Moreover, BIM has different func-
tions for different stakeholders. However, due to the limited understanding of technology
among practitioners and the current obstacles, the key functions of BIM cannot be brought
into play, and the full potential of BIM has not yet been realized [27,28]. Interoperability is
also challenged by decentralized collaboration in the construction industry. This opacity
and lack of communication cannot give positive feedback to all stakeholders [19,29]. This
will lead to disjointed teams with divergent priorities, which is not conducive to the overall
progress of the project [25].

Blockchain is an encrypted distributed accounting technology and also is a decen-
tralized database, which has the potential to address interoperability problems of barri-
ers/challenges facing smart city [26,30]. Blockchain can store data securely and easily for
query on the chain, providing support for the long construction cycle and reducing unnec-
essary work. Limited yet increasing studies explored the integration of blockchain and
BIM in construction projects [31–33]. These studies, however, focus on applications in the
financial aspects of construction (payment security, comprehensive project delivery) and
security. Penzes [27] further emphasizes the importance of blockchain in the construction
industry and describes its potential applications in Payment and Project Management,
Procurement and Supply Chain Management, and BIM and Smart Asset Management.
There are few related explorations on how blockchain and BIM affect the development of
the entire cycle of sustainable building for smart cities and there is insufficient research on
investigating the relationship between BIM, blockchain, and sustainable building. In addi-
tion, the potential benefits of integrating blockchain and BIM have not been fully realized
in the construction industry. Hence, this paper explores the integration of blockchain and
BIM to support sustainable building practices in smart cities.

2. Methodology

The adopted methodology queries the Web of Science (WoS) database with keywords
to obtain relevant publication, and then uses the VOSviewer to visually analyze the rela-
tionships between blockchain, BIM and sustainable building within the context of smart
cities, which is conducted in bibliometric analysis followed by micro scheme analysis. The
bibliometric analysis is used via VOSviewer for conducting a macro analysis of the research
field, which generates big pictures of the research focus and trend in the field. VOSviewer
has the functions of visualizing keywords, co-authors, and citations. It can visually present
research hotspots and trends year by year; and present their relevance or frequency through
color changes and distance. The micro scheme analysis summarizes the development of
sustainable building life cycle in smart cities and the application of blockchain and BIM,
which presents three phases of the building life cycle—namely, design, construction, and
operation—for verifying and refining the content obtained in bibliometric analysis.

WoS is selected as the database source, which is an internationally recognized database
that reflects the level of scientific research. It covers a wide range of journals recognized
as authoritative. WoS core collection is selected to search keywords for comprehensive
publication retrieval based on ‘topics’. In the field of smart cities, when searching for
keywords related to sustainable building and blockchain at the same time, there are few
papers that match all keywords. Keywords include ‘Building Information Modeling’,
‘Sustainable Building’, ‘Sustainable Building Design’, ‘Sustainable Building Construction’,
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‘Sustainable Building Operation’ and ‘Blockchain’. Therefore, the conjunction ‘or’ will be
used flexibly to find the connection between design, construction, operation, blockchain,
sustainable building and BIM. Blockchain is a state-of-the-art approach to BIM and for
sustainable building development, hence this research surveys articles published between
2011 and 2020.

VOSviewer was used for bibliometric analysis. Few studies use keyword visualization
methods amongst the studies reported in existing publications, most of which use logical di-
agrams [34–36], scene diagrams [37–40], roadmaps [41–43], and strategy diagrams [44–46].
The VOSviewer has been used to review the latest technology of BIM supported building
performance [47], and at the same time, vosviewer is used as a Scientometric Analysis in
scientific landscape of sustainable urban and rural areas research [48] and mapping two
decades of autonomous vehicle research [49]. However, there is otherwise little research
using keyword co-occurrence analysis in BIM. Such techniques have been used in patent
analysis [50], databases [51], social networking sites [52], and the recording and prediction
of subject changes in biological and medical computers [53]. The keywords research results
demonstrate the effectiveness and reliability of keyword search, selection and process-
ing [51,54]. Therefore, this paper attempts to use VOSviewer to visualize keywords to
uncover relationships between blockchain, BIM, sustainable building development, and
smart cities.

In the VOSviewer, the frequency gap between blockchain and other keywords is too
large to appear in one view at the same time. Hence, other relevant keywords are visualized
in addition to blockchain. There are 1305 research papers retrieved from the WoS keyword
search, which are imported into VOSviewer, and 43,531 keywords are calculated by the
software. It was found that 632 of these keywords are used in at least 13 papers. Then,
unreated keywords are manually filtered out and 87 keywords selected, as shown in Figure 1.
These keywords are automatically divided into three colors (red, green, and blue) by the
VOSviewer, as three categories, and show the research hotspots in recent years.

Figure 1. Visualization of research hotspots of major cluster sets and keywords in the construction industry via VOSviewer.

3. Results

3.1. Bibliometric Analysis

VOSviewer includes three forms of analysis: network visualization, overlay visualiza-
tion and density visualization. The size of each circle represents the weight of the keyword.
The distance between two circles represents the affinity between the two circles. If the
affinity is stronger, the distance is shorter, and the weaker the affinity is, the distance is
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farther. The color of the circle represents the cluster to which it belongs, and different
clusters are represented by different colors.

Figure 1 is a network visualization. BIM is the core in the red area, and the degree
of closeness of keywords of ‘Facility Management (FM)’, ‘Construction Process’, and
‘Design Phase’ decreases. Most of the publication are FM related, and the construction
and design part are weak. ‘Life Cycle’ connects the red and green sides. According to the
data visualization analysis, the keywords in the green area taken ‘Production’ as the core,
where the ‘Sustainable Development’ and ‘Life Cycle Assessment’ are associated with it.
However, the keywords ‘Construction Industry’ and ‘BIM’ are far away from the keyword
‘Sustainable Development’, which means that it is less relevant. At the same time, the
correlation with the whole life cycle is insignificant. This situation or a lack of construction
industry development, reflected in the sustainable building development.

Figure 2 shows the visualization of research trend with time as the criterion, high-
lighting the keywords that connect with BIM as the core is the hotspot of research in
the past five years. Thus, based on the bibliometric analysis, which are summarized in
Figures 1 and 2, the following current picture of the field can be revealed:

• The integration of BIM and network systems can support the improvement of the
construction and operation phases of the Architecture, Engineering and Construction
(AEC) [55–58], which makes information retrieval and management easier, but is
currently in the preliminary and intermediate stage.

• The use of BIM in the entire life cycle of a building has both potential and obstacles [30,58–61].
• The interoperability of data information throughout the building life cycle is still a

challenge [62,63].
• In the research into construction industry and BIM, the FM stage received more

attention than the building design, construction and maintenance phases. Life cycle
issues should be addressed early on, but it has only been mentioned many times in
recent years.

Figure 2. Visualization of research hotspots in the construction industry.

As an emerging technology, blockchain has been applied in many fields such as smart
cities, agriculture, medical care, finance, transportation, the Internet of Things and other
fields. As a platform, blockchain provides stakeholders in smart cities a mechanism to
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participate in urban construction. In recent years, blockchain has become popular, and
explored widely [25,26]. The construction industry has also joined the wave of this digital
technology. However, there are few studies on blockchain in the construction industry
at present. Hence, it is necessary to search the keywords of blockchain and construction
industry separately.

As such, 11 research papers with 463 keywords were selected from ScienceDirect. 59
of these keywords were used in at least two papers. Keywords unrelated to blockchain and
construction have been manually filtered out, leaving 27 keywords, as shown in Figure 3.
From the number of papers and Figure 3, it can be seen that there is less research on the
integration of blockchain and construction industry, and the affinity between them is not
clearly established. There have been few studies linking BIM, blockchain, and construction
industry in the past three years. The integration of construction industry and blockchain is
still in its infancy, and the speed of digital transformation is very slow, but a number of
researchers have highlighted the potential of this integration [30,33].

 
Figure 3. Visualization of research hotspots in the application of blockchain in the construction industry.

It can be seen from Figure 3 that the digital transformation of the construction industry
has emerged in recent years. This will become the development trend of the construction
industry in the future, and the use of blockchain in the construction industry is worth
exploring.

3.2. Micro Scheme Analysis

After the macro analysis of VOSviewer keyword visualization, 61 articles associated
with blockchain, BIM, and sustainable building development were specifically selected and
included in the micro scheme analysis. The articles were mapped to particular building
life cycle phases, including design, construction and operation. Organized according to
three stages and comprehensive stages, and pointed out the research methods used in each
publication and the research situation of blockchain, BIM and sustainable building.

As shown in Tables 1–4, judging from the number of publications, in the past three
years, studies associated with blockchain, BIM and sustainable building are focused on
the operation phase of the building life cycle than in the design and construction phase. In
addition, the application of blockchain in the design and construction stage is insufficient,
while the application in the operation aspect is gradually increasing in recent years, mainly
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studying the potential and challenges of blockchain in the construction industry [26,30,64].
The data storage of blockchain adopts a decentralized distribution way, which can reduce
the risk of centralized storage. Even if one node of blockchain is lost, the overall data
will not be affected [65]. The characteristics of blockchain can meet the needs of real-time
communication of data information between different stakeholders on the basis [19].

The integration of blockchain and BIM in the construction industry can provide
a more positive impetus for the future development of smart buildings [25,29]. As an
important technology in construction projects, BIM is widely used in all stages of the
construction life cycle. BIM has been deemed as an effective tool for the integration of
natural systems and technical systems in building design [66]. BIM includes databases
in multiple fields [22], providing a basis for editing and managing data throughout the
life cycle of smart building [20]. It will help significantly reduce construction duplication
and waste, reduce errors caused by traditional methods, and accelerate project delivery
time [42]. Currently, various BIM performance models have been developed to assist in
building design, construction, operation, and maintenance [45]. The applicability and focus
of these vary, so that the needs of different BIM users are met [67].

Table 1. The application of blockchain, Building Information Management (BIM), and sustainable building in the design
stage of building life cycle.

Source Year Research Method
Sustainable

Building
Blockchain BIM

Kuster et al. 2020 Literature and the NeOn
methodology *

Rajaee et al. 2019 Questionnaire * *
Xue et al. 2019 Experimental tests *

Ghosh 2018 Review *
Olawumi et al. 2018 A Delphi survey * *

Fathi et al. 2016 Case studies * *
Kylili et al. 2015 Literature review *

Farias Stipo 2015 Literature reviews, case study and
interviews *

Shoubi et al. 2014 Case study * *
Jrade et al. 2013 Modelling * *

* indicates that the literature contains the content.

Table 2. The application of blockchain, BIM, and sustainable building in the construction stage of building life cycle.

Source Year
New
Build

Renovation Research Method
Sustainable

Building
Blockchain BIM

Manganelli et al. 2020 * Model and a case study *
Passer et al. 2020 * Review * *

Shrubsole et al. 2019 * Literature review *
Olawumi et al. 2018 * A Delphi survey * *

Chen et al. 2018 * Literature review *
Ghaffarianhoseini et al. 2017 * Literature review *

Bretherton 2017 * Case studies *
Capeluto et al. 2016 * Comparative analysis *
Khaddaj et al. 2016 * Literature review *

Jones et al. 2015 * Literature review * *

* indicates that the literature contains the content.

As shown in Table 1, research in the design phase is mostly reflected in the construc-
tion of environmentally friendly buildings [62,68–70] and integrated design processes [71].
It is proposed that designers should strengthen the ability to use BIM [62], promote the
combination of BIM and theory, and find decisions that support sustainable building
development through design [56], and pursue a balance between the environment, econ-
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omy, and society [24,62]. The design phase is based on compliance with building codes
and engineering codes, and several requirements should be considered when establish-
ing BIM models: building energy requirements, ecological building parameters, quality
control requirements, user comfort, user requirements, local climate conditions, and life
culture [37,72]. The combination of intelligent sensor system and BIM can help develop a
smart, humane and sustainable built environment, promote the realization of sustainable
strategic initiatives in the built environment, and realize green buildings, safe and healthy
lives surroundings [73]. The main research methods used in this phase are literature review,
questionnaire survey, experiment, case analysis, and interview.

Table 3. The application of blockchain, BIM, and sustainable building in the operation stage of building life cycle.

Source Year FM Maintenance Research Method
Sustainable

Building
Blockchain BIM

Eicker et al. 2020 * Case study *
Marmo et al. 2020 * * Case studies *
Chen et al. 2020 * Modeling *

Olawumi et al. 2020 * Literature review and
questionnaire * *

Li et al. 2020 * Modeling *
Quinn et al. 2020 * Case studies *

Perera et al. 2020 * Literature review and a use
case analysis *

Sheng et al. 2020 * A case study *
Elghaish et al. 2020 * Experiment * *

Chong et al. 2020 * A questionnaire and a
case study * *

Marzouk et al. 2020 * Case study * *
Kumar et al. 2020 * Case studies and test *

Matarneh et al. 2019 * * Literature review *
Cachat et al. 2019 * Literature review *

Ammari et al. 2019 * Usability testing and
questionnaire *

Chen et al. 2019 * * Case study *
Gao et al. 2019 * Literature review *

Gong et al. 2019 * Case study *
Bonci et al. 2019 * Case study *

Lokshina et al. 2019 * Evaluation * * *
Yilmaza et al. 2019 * Expert reviews and case study *

Bortoluzzi et al. 2019 * Case studies *
Chen et al. 2018 * Literature review *
Lin et al. 2018 * Case study *

Wong et al. 2018 * Literature review and
focus group *

Pardis et al. 2018 * Case studies and
semi-structure interview *

Araszkiewicz 2017 * Case study *
Chien et al. 2017 * Experiment *
Zadeh et al. 2017 * * Case studies *
Nicał et al. 2016 * Literature review *
Aziz et al. 2016 * Literature review *

Oti et al. 2016 * Example description and
test case *

Singh et al. 2011 * Literature reviews, focus group
and case study *

Arayici et al. 2011 * Case study *

* indicates that the literature contains the content.
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Table 4. The application of blockchain, BIM, and sustainable building in the whole stage of building life cycle.

Source Year

Building Life Stage

Research Method
Sustainable

Building Blockchain BIM
Design

Construction Operation

New Build Renovation FM Maintenance

Liu et al. 2020 * * Literature review * *

Liu et al. 2019 * * *
Questionnaire &
semi-structured

interviews
* * *

Tang et al. 2019 * * * * * Literature review * *
Ustinovichius et al. 2018 * * Case study *

Kim et al. 2018 * * Evaluation *
Turk et al. 2017 * * Scenarios * *

Wong et al. 2015 * * * * * Literature review * *

* indicates that the literature contains the content.

As shown in Table 2, an in-depth study of the obstacles and challenges faced by
stakeholders in the integration of BIM and sustainability practices during the construction
phase [56,60]. Based on BIM to restore heritage buildings [74], post-earthquake build-
ings [75,76], and refurbished buildings [77]. Promote the implementation of the BIM
platform to optimize the construction process, improve the quality of project transforma-
tion, and effectively track the project with visual data [63]. This stage reflects urban renewal,
which is an opportunity for sustainable development and intelligent growth of towns. The
establishment of urban reconstruction plan indicators can carry out quality inspections on
existing buildings, reduce the vulnerability of buildings, and contribute to the evaluation
and decision-making of the seismic capacity of buildings [76,77]. The protection of the
building does not mean sticking to the old appearance, but it can be rebuilt into a resilient,
sustainable, and green building with innovative materials and technology [74]. The main
research methods used in this phase include case studies, literature review, interviews, and
comparative analysis.

Table 3 building operation phase discusses how urban renewal is more sustainable [34,61,78],
by identifying and alleviating barriers to smart and sustainable practices in the built
environment [61], and prioritizing them, which provides a basis for decision makers to
make feasible decisions. Operating information is managed through the integration of
BIM and FM systems. This traditional maintenance management is combined with dig-
ital technology to improve management performance and maintenance efficiency in the
future operation and maintenance phase [34,35]. Chen et al. designed the framework
into five modules, including project documents, personnel and contacts, FM planning
and execution, technical performance evaluation, and safety and emergency manage-
ment [44]. In addition, the potential and application of BIM in FM and maintenance are also
studied [36,45,55]. From the perspective of equipment managers, evaluate and summarize
the current BIM-O&M research and application progress, analyze research trends, and find
research gaps and promising research directions in the future [45]. Using BIM to obtain
real-time information [39,79] and conduct final inspection [40] during the completion of
the project to strengthen communication and information management capabilities [80].
Araszkiewicz proposes the possible directions for further research on the digitalization of
property management, and the influence of digitalization on the implementation process
of the concept of intelligent sustainable building engineering [80]. Reference [26] proves
the potential of blockchain in the construction industry and uses it for quality information
management [81] and integrated project delivery (IPD) [32] in construction. Solve the
problem of security of payment (SOP) through the integration of blockchain, BIM, and
smart sensors [31]. The main research methods used in this stage include case analysis,
literature review, focus group, interview, and questionnaire.

Table 4 is about the literature involving multiple phases of life cycle. It can be seen
that there are few systematic comprehensive studies on the whole life cycle of a building
according to the design–construction–operation phase in the literature. From a sustainabil-
ity perspective, integrating sustainability into all stages of building is something that all
stakeholders in the construction industry must consider and implement [62]. Integrating
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physical buildings with digital modeling provides a collaborative platform in a visual
manner to help designers, architects, engineers, developers, and even end users build green
and sustainable buildings throughout the project life cycle [66]. In order to achieve more
effective low-carbon management, BIM tools need to incorporate the concept of ‘reduce,
reuse, and recycle’. There are many kinds of BIM models, but it is still necessary to improve
the practicability, ease of use, and compatibility of BIM tools, so as to maximize their effec-
tiveness and be used by more stakeholders without obstacles [28]. Blockchain provides
reliable technology for building information management in the overall life cycle stage [33],
which can reduce counterfeiting risks and costs without third-party management. This
ensures the security, reliability and privacy of the data and establishes trust between the
device and the user [82].

4. Discussion

4.1. Smart Cities and City Information Management (CIM)

The combination of information and infrastructure lays the foundation for smart city
management, which greatly improves construction efficiency and reducing construction
risks [20]. CIM in cities is similar to the role of BIM in architecture, which is the integration
of all spatial data models. CIM helps optimize the management process [83], improve
public services, and improve the quality of life of citizens [84]. In its unique database,
all stakeholders jointly participate in decision-making in terms of project design, plan-
ning, operation, and maintenance, and comprehensively integrate information on the
built environment, the legal environment, and the natural environment [85] to obtain an
optimal solution. However, in the process of model information management, information
integration is a complicated process, and there are many problems and challenges. As a
distributed ledger, blockchain can safely store data and information in the chain; and the
messages, it transmits have integrity, consistency, and reliability. Only authorized users
have the right to make changes, and the rest are not allowed to make changes, ensuring the
security of information.

In addition to information resources, infrastructure is also an important part of smart
cities. As an important field in smart cities, the construction industry contains complex
management, and construction projects involve the joint cooperation of multiple compa-
nies. From a sustainable perspective, buildings consume massive energy around the world.
Under the major premise of ensuring the health of users, the life cycle of building should
be maximized to achieve energy saving, water saving, material saving, and environmental
protection [86]. For energy management, it can reduce energy waste by developing smart
grids and regulating power generation on demand. For carbon management and water
management, companies should give full play to their sense of corporate social responsi-
bility, visually disclose carbon emissions and water transactions. For waste management,
a unified waste management system based on blockchain will be developed to reuse or
recycle construction waste to achieve the sustainability of construction projects. The open-
ness, fairness, and transparency of blockchain can satisfy the decentralized management
of construction quality information [81]. All stakeholders are encouraged to cooperate
together, and collective interests are put before personal interests [30] to ensure the orderly
implementation of decentralized management of the construction industry. Blockchain can
efficiently process transactions, secure data, reduce labor costs, and improve transparency
and security [87].

4.2. Blockchain and BIM

Although the use of blockchain in the construction industry has not yet been widely
used, the integration of BIM and blockchain has shown a potential in the construction
industry for sustainable development. BIM is a shared knowledge resource that can store
important information collected in blockchain to ensure information security and obtain
the required information from blockchain at any time. However, BIM information will be
constantly updated by stakeholders. This will produce multiple new BIM files with a lot of
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duplicate information in the files. The Semantic Differential Transaction (SDT) can capture
these changes and protect these changes in blockchain to reduce this duplication [29].

Moreover, BIM and blockchain are complementary platforms, and blockchain can
make up for the shortcomings of BIM applications. For example, when different stake-
holders cannot seamlessly collaborate and communicate easily when using the model, and
cannot exchange effective information, blockchain will be a trusted means of collaboration.
There are a large number of temporary companies participating in the construction asset
management system, which is fragmented and complicated and troublesome in manage-
ment. Blockchain can store all necessary data related to assets, providing a better asset life
cycle [31].

Furthermore, BIM and blockchain data are transmitted electronically, but the complex
collaboration framework of BIM cannot achieve complete security protection [25]. How-
ever, blockchain can safely store privacy-sensitive sensor data. Hence, the integration of
blockchain and BIM can solve the obstacles of BIM development [33].

4.3. Blockchain and Sustainable Building

The characteristics of blockchain can avoid the centralized control of traditional
management. The security of blockchain provides a trustworthy platform for stakeholders
in the construction industry. There are practical applications or theoretical research on the
three stages of the sustainable building life cycle: design–construction–operation.

In the design phase, it is very important to protect the design results from being
violated. The management of digital copyright involves the scope of intellectual property
rights. In order to prevent plagiarism and theft, blockchain establishes a complete chain
of trust from the copyright holder to the service provider [88]. The watermark-based
multimedia framework prevents tampering with the original content of the media [87].
During the design process, the design drawings and construction drawings will be contin-
uously updated, and the unified opinions of the construction parties are also required. The
blockchain system based on smart contracts [87] can update the latest drawing information
to all parties without causing omissions. Distributed consensus protocol is adopted to
ensure the consistency of data on the chain of participants [89], and real-time negotiation,
modification, and information sharing can be carried out.

In the construction phase, in the face of the global pandemic or the future environment,
electronic bidding is a desirable way. This method can protect the privacy of user identity,
conduct transactions and submit bids anonymously, free from distance and weather, save
time, and reduce fraud in black box operations [64]. It is important to prevent fraudulent
digital signatures when signing construction contracts and approval procedures. It is
conducive to mutual authentication and the establishment of trust [90].

In the operation phase, the building consumes huge energy during the use and
maintenance stage, accounting for 90% of the building life cycle [91]. Operation is a
long-term process, and maintenance is one of the most costly and longest stages in the
process [34]. Therefore, it is very important to establish a circular and sustainable design–
construction–operation system. Through the transparency of blockchain, the status of
maintenance requests and the maintenance process can be known, so that the maintainer
will know the time, place and maintenance components. By sharing information through
blockchain, the maintenance department can monitor the update of information in real
time and maintain in time. It can improve management performance and maintenance
efficiency, reduce the cost of FM [41], and reduce economic losses and safety hazards caused
by construction hazards.

In addition, the operational phase also includes various management systems. For
building supply chain management, blockchain helps audit and track supply chain infor-
mation. Under the premise of ensuring quality, it reduces operating costs, logistics costs
and the risk of tampering with products [88]. There are also building management systems
(BMS), which manage system components such as access control, building control and
mobile applications [19].
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Funds should not be sloppy during the entire operation phase. For the procurement
system, the traceability of blockchain makes the supervision more transparent and easier, it
can also formulate a detailed timetable to avoid default [88]. On delivery payment (transfer
of large amounts of funds)/security of payment (SOP), security can be guaranteed and
payment risks eliminated. The use of virtual currency eliminates the need for bank notes or
cash, reducing labor costs. It can also reduce late payment and default settlement [31]. In
integrated project delivery (IPD), blockchain assists in the establishment of decentralized,
automated, and secure financial platforms [32], where data providers are paid and users
receive data [92].

4.4. Sustainable Building, Blockchain, and BIM

The integration of digital technologies, such as BIM and blockchain, has contributed
to the digital transformation of sustainable buildings [19]. It can be seen from the table in
the results that there are few studies that discuss the three together.

In the design phase, information, construction knowledge, environmental, social
and economic impacts need to be taken into overall consideration [93]. It is necessary to
unify decision-makers, supervisors, investors, designers, construction parties, owners, and
other stakeholders to participate in the design of BIM [8]. BIM integrates with sustainable
building design process model [71] to collect a lot of unstable data information. Meanwhile,
blockchain can balance privacy and accessibility to ensure the safe transmission of data to
organizations or devices [94]. Liu et al. [95] established the relationship and role of BIM and
blockchain in sustainable building design information management from the perspective
of architects, which emphasizes how users (stakeholders of sustainable building design
projects/BIM customers) manage.

With the assistance of BIM, the project was designed to comply with architectural and
engineering specifications during the preliminary design [73]. In the process of simulation,
the model is continuously optimized, and problems are solved in time. This can foreseeably
avoid many problems encountered by traditional architectural design and construction [96].
Such as the order of construction, size, safety, placement, selection of materials, shapes,
and environmental issues caused by spaces. Early planning for these issues will make the
initial design more standardized, and each stakeholder can understand the design process,
clarify the work content of all parties, and make the work more organized. At the same
time, blockchain can provide interoperable protocols for all partners to ensure effective
authorization interactions among decision makers, designers, and construction parties;
and handle data interoperability issues well [97].

During the construction phase, renovation is more energy-efficient, environmentally
friendly and cheaper than new ones [68]. However, BIM is not mature enough to maintain
and update existing BIM in renovation projects, and data collection is a challenge [63].
Therefore, it is very important to provide a rich semantic database and integrate different in-
formation sources [36]. Using architectural design knowledge can improve the effectiveness
of BIM reconstruction [98]. For worn-out buildings that do not meet legal requirements,
using BIM for repairs has huge energy-saving potential [72].

In the operation phase, effective operation activities can improve the built environment
and enable it to have more integrated functions [99]. Blockchain can realize transactions
from sales and operations to finance and management, of which the smart contract can
balance the profits of each partner and the interests of the company and users in an
open and transparent manner [100]. The circular economy runs through the construction
industry, retaining used building materials as a material library [101]. City managers
and architects are familiar with the reuse of these building materials. These experiences
can increase the market for reused materials, reduce the use of raw materials, focus on
environmental benefits, and promote the sustainable construction of smart cities. BIM and
blockchain can help analyze the most valuable materials for recycling [102].

The integration of FM, BIM, and blockchain can greatly improve the execution of
construction projects and provide assistance for maintenance management and construction
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performance evaluation activities [35]. The implementation of BIM needs to adopt the
bottom-up approach and ensure that all parties participate in planning and the participants
have sufficient understanding and technical capacity [103]. Blockchain can assist BIM to
efficiently use data to objectively evaluate projects, simulate building performance and
full-cycle usage to improve the overall construction project quality, and achieve the goal of
environmental protection and efficient resource conservation [47,104].

5. Conclusions

The aim of this paper is to explore the potential impact of the integration of blockchain
and BIM in a smart city environment on making buildings more sustainable within the
context of CIM/Smart Cities. This paper queries the Web of Science (WoS) database with
keywords to obtain relevant publication, and then uses the VOSviewer to visually analyze
the relationships between blockchain, BIM, and sustainable building within the context
of smart cities and CIM, which is conducted in bibliometric analysis followed by micro
scheme analysis. The main contributions and novelties of this paper are as follows: (1) This
is the first attempt to explore the relationship between blockchain, BIM, and sustainable
building under smart cities and CIM by using bibliometric analysis and scheme analysis.
(2) A tool to visualize scholarly publications, VOSviewer, is used to conduct a macro
analysis. The method of visualizing keywords can bring out insights into blockchain, BIM
and sustainable building. This includes the relationship among the three, the development
trend, the research hotspots, and the application, providing a reliable research method
for the future research. (3) Compared with the existing similar publications, this paper
discusses more comprehensively, including the relationship and application of blockchain
and BIM, blockchain and sustainable construction, blockchain and BIM, and sustainable
construction. (4) Compared with the existing similar publications, this paper incorporates
the design–construction–operation of the building life cycle into the research. A complete
life cycle study can help designers, constructors, decision makers, and supervisors who use
information technology in the construction industry to make informed project decisions.
Regarding CIM, although there are few research publications on CIM retrieved so far, the
application of CIM in smart cities will be the trend in the future. The CIM basic platform
is a new type of infrastructure for smart cities and an important tool to promote more
information and intelligent city management. CIM integrates all urban spatial models,
including BIM, as well as visualization, data analysis and parameterization functions. It
can directly obtain information from the virtual model to improve urban development
and provide services for citizens, which is of great significance to the more sustainable
development of cities. The publications retrieved are represented by keywords, which
makes the data reported in this paper limited to the content contained in the WoS database.
Future research will explore the expansion of BIM to a wider range of CIM, and study the
practical application of CIM in supporting more sustainable urban development.
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Abstract: Smart cities and artificial intelligence (AI) are among the most popular discourses in urban
policy circles. Most attempts at using AI to improve efficiencies in cities have nevertheless either
struggled or failed to accomplish the smart city transformation. This is mainly due to short-sighted,
technologically determined and reductionist AI approaches being applied to complex urbanization
problems. Besides this, as smart cities are underpinned by our ability to engage with our environments,
analyze them, and make efficient, sustainable and equitable decisions, the need for a green AI approach
is intensified. This perspective paper, reflecting authors’ opinions and interpretations, concentrates on
the “green AI” concept as an enabler of the smart city transformation, as it offers the opportunity to
move away from purely technocentric efficiency solutions towards efficient, sustainable and equitable
solutions capable of realizing the desired urban futures. The aim of this perspective paper is two-fold:
first, to highlight the fundamental shortfalls in mainstream AI system conceptualization and practice,
and second, to advocate the need for a consolidated AI approach—i.e., green AI—to further support
smart city transformation. The methodological approach includes a thorough appraisal of the current
AI and smart city literatures, practices, developments, trends and applications. The paper informs
authorities and planners on the importance of the adoption and deployment of AI systems that address
efficiency, sustainability and equity issues in cities.

Keywords: artificial intelligence (AI); green AI; sustainable AI; responsible AI; ethical AI; explainable
AI; AI regulation; green sensing; sustainable development goals; smart cities

1. Introduction: AI in the Smart City Context

The second digital and fourth industrial revolutions cultivated an innovation culture
for the flourishing of many technological developments and breakthroughs [1,2]. For
instance, the field of artificial intelligence (AI)—defined as algorithms that mimic the
cognitive functions of the human mind to make decisions without being supervised [3]—
has undergone remarkable exponential growth over the last couple of decades [4]. Today,
AI is undoubtedly an in-trend, disruptive technology with countless applications, and
even more prospects, for all industry sectors and areas of life—ranging from health to
agriculture, engineering to finance, gaming to transportation, and so on [5]. Besides this,
AI is one of the fundamental drivers of the global smart city movement [6].

Smart cities are widely seen as locations whereat digital technology and data are
widely applied to generate efficiencies for economic growth, quality of life, and sus-
tainability [7]. Today, in many urban policy circles and debates, concerning smart city
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transformation, AI has become a subject of debate, particularly among urban policymakers
and planners who search for technocentric solutions to alarming urbanization problems [8].
This popularity is due to the increasing recognition of technocentric solutions as a potential
panacea to the complex and complicated urbanization challenges—ranging from quality of
life to climate change, and safety and security to mobility and accessibility [9]. The effective
use of big data, AI-powered smart urban technologies and platforms is predicted to benefit
urban infrastructure and service efficiency, and to address or at least significantly ease
these challenges [10,11].

As stated by Wang and Cao [12], technological advancements have generated an era
wherein large volumes of data—i.e., big data—are collected via smart sensors deployed
in cities, and are made available via various commercial and public channels. Due to the
recent advances in AI techniques and ubiquitous computing, these data now feed into
the services that improve quality of life, city operation systems, and the environment. In
the context of cities, AI has various applications in areas that aim to create efficiencies
in urban infrastructure and services [13]. The following are among the most prevalent
AI-powered examples:

• Automated algorithmic urban decision-making (e.g., identification and penalization
of traffic offences and tax evasions through smart sensors and machine learning-based
data analytics) [14];

• Automated urban infrastructure assessment (e.g., monitoring urban infrastructure health
through automated aerial mapping and deep-learning characterizations) [15–17];

• Autonomous urban post-disaster reconnaissance (e.g., detecting disaster damage and
impact through synergistic use of deep learning and 3D point cloud features) [18];

• Autonomous and connected urban mobility (e.g., offering increased urban mobility
through shared autonomous vehicles and autonomous shuttle bus fleets) [19,20];

• Urban descriptive, diagnostic, predictive and prescriptive analytics (e.g., gathering
and interpreting urban air pollution data to describe what is the pollution level,
why it happened, when it may occur again, and actions to influence future desired
outcomes) [21];

• Urban security, safety, rescue and maintenance robots (e.g., emergency services op-
erating rescue robots in risky and dangerous environments, such as natural disaster
events, mining accidents and building collapses and fires) [22];

• Urban service agent chatbots (e.g., offering improved customer experiences with
reduced waiting times to access services in different languages related to taxation,
health services, public transport, family services, job opportunities and so on) [23].

In an attempt to generate the required efficiencies and proficiencies, many govern-
ments across the globe have started to deploy various AI system initiatives at the national,
state and local levels [24,25]. The following are among the most common AI-driven appli-
cations [26]:

• AI process automation systems;
• AI-based knowledge management software;
• Chatbots/virtual agents;
• Cognitive robotics and autonomous systems;
• Cognitive security analytics and threat intelligence;
• Identity analytics;
• Intelligent digital assistants;
• Predictive analytics and data visualization;
• Recommendation systems;
• Speech analytics.

Despite the efforts made to adopt and deploy AI in the public sector, almost all of
these initiatives have either struggled, failed, or lacked the adequate potential to generate
ethical, responsible and sustainable solutions [27,28]. This is also the case for the smart city
domain—the existing purely technocentric or algorithmic AI perspectives could not play a
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prominent role in smart city transformation [26]. Toronto Sidewalk, Masdar and Songdo
are among the major smart city initiatives that have resulted in project cancellations or
failures in living up to their smart urban future promises [29].

The main reason behind this failure is that AI system adoption practices are heavily
technologically determined and reductionist in nature, and do not envisage and develop
long-term, ethical, responsible and sustainable solutions [30]. Most government AI ap-
proaches have also overlooked urban, human and social complexities; subsequently, this
has created conditions for new forms of societal control, and boosted inequality and
marginalization among the layers of our societies [31]. Thus, the current practice of AI has
generated as many constraints as prospects, where, at times, the constraints outweigh the
prospects [32].

Against this backdrop, this perspective paper highlights the fundamental shortfalls
in current AI system conceptualization and practice, and points to a novel approach—
i.e., green AI that also accommodates green sensing—that moves away from short-term
efficiency solutions to focus on a long-term ethical, responsible and sustainable AI practice
that will help build sustainable urban futures for all through smart city transformation.
Here, we note that, as this is a perspective piece reflecting the authors’ opinions and
interpretations of the topic, the methodological approach of the paper is not systematic;
rather, the paper uses the literature to support the claims and views related to AI and smart
city discourses, practices, developments, trends and applications.

2. Prospects and Constraints of AI for Smart City Transformation

The utilization of smart and innovative digital technologies has become a common
approach to tackling urban crises—whether they are related to climate, pandemics, natural
disasters or socioeconomic factors [33,34]. In recent years, advancements in AI—as one of
the most prominent technologies of our time, with significant implications for our economy,
society, environment and governance—have resulted in invaluable opportunities for cities
to increase their infrastructural efficiencies and predictive analytic capabilities, and hence,
to a degree, to improve the quality of life and sustainability in cities under the smart city
brand [35]. According to Ullah et al. [36], today, AI is rapidly becoming a critical smart city
element that helps in achieving necessary efficiencies and automation in order to deliver
urban infrastructures, services and amenities.

Especially when coupled with other smart urban technologies, AI applications—e.g.,
chatbots and virtual agents, cognitive robotics and autonomous systems, cognitive security
analytics, expert systems, identity analytics, intelligent digital assistants, knowledge man-
agement systems, predictive analytics and data visualization, process automation systems,
recommendation systems, speech analytics, threat intelligence—provide new capabilities
and directions for our cities, such as building the next generation smart cities, i.e., the
“Artificially Intelligent Cities” of the future [37]. There is a vast array of literature on the
prospects of AI for smart cities [38].

Nonetheless, as much as creating benefits—for instance, generating operational in-
frastructure or service efficiencies—AI technology also involves substantial risks and
disruptions for cities and citizens, through the opaque decision-making processes and the
privacy violations that are related to it; e.g., automating inequality, generating algorithmic
bias due to bad or limited data and training, removing or limiting human responsibility,
and lacking an adequate level of transparency and accountability [39]. Additionally, in
comparison to the other technologies, AI involves some unique data-related challenges
that include data acquisition, the large volume and the streaming of data, heterogeneous
data, complex dependencies among the data, noisy and incomplete data, distributed data
storage and processing, training data, and data privacy [12].

Some examples of AI mishaps that impact society, and that also diminish public trust
in the AI solutions implemented as part of smart city projects, include, but are not limited
to, the following:
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• AI misdiagnosis of child maltreatment and the prescription of inappropriate solutions
in Pittsburgh, PA, USA [40];

• Amazon’s AI recruiting tool, which took biased decisions towards women [41];
• Bias towards people of color in the decisions made by AI algorithms used in US

hospitals [42];
• Clearview AI’s scandalous facial recognition image database developed with images

from social media, which got hacked in 2020, leaving citizens of democratic countries
with privacy threats, and citizens of autocratic regimes under a situation akin to an
Orwellian nightmare [43];

• The malfunctioning of the Australian government’s automated debt recovery program,
called Robodebt, resulting in a scandal, as it had unlawfully taken AUD 721M from
over 400,000 Australians [44].

One of the main reasons behind the failure of AI systems relates to the development
and integration stages of AI in urban and public services. Pasquinelli [45] linked the
underlying issues of AI—or in broader terms, how machines learn—to the development
of AI systems when operators engage in training data, learning algorithms and model
application stages. In these stages, operators could encounter three types of bias, namely:

• Just-world bias (e.g., a cognitive bias that assumes people get what they deserve,
leading to failures in helping or feeling compassion for others or disadvantaged
groups, such as poor or homeless people);

• Data bias (e.g., an error caused by certain elements of data being more heavily rep-
resented or weighted than other elements, leading to wrong decisions or inequity
issues—such as for women, people of color or minorities);

• Algorithmic bias (e.g., a lack of fairness, originating from the output of an algorithmic
system, with consequential unfavorable decisions, actions or externalities—such as a
credit score algorithm denying a loan).

When an AI system containing such bias is integrated with an urban or public service,
the failure of the service, or dissatisfaction with the service, is inevitable [46].

The growing concern over negative AI externalities and service failures, particularly in
smart cities, proves the need for more ethical and regulated AI systems [47]. Subsequently,
in recent years, attempts to provide a more holistic perspective on AI have resulted in
a number of new AI conceptualizations [48]. These include “responsible AI”, “ethical
AI”, “explainable AI”, “sustainable AI”, “green AI” and the like, the aim of which is to
ensure the ethical, transparent and accountable use of AI applications in a manner that is
consistent with user expectations, organizational values, environmental conservation and
societal laws and norms [49]. It is also argued that such renewed approaches to AI will
help maximize the desired smart city outcomes and positive impacts for all citizens, while
minimizing the negative consequences [50].

3. The Green AI Approach for the Flourishing of Humans and the Planet

The effects of human activity—e.g., unsustainable and rapidly growing popula-
tions, urbanization, industrialization and consumerism—since the industrial revolution
of 1850s, and particularly during the last five decades, have taken their toll on the
environment [51–53]. As presented by Hunter and Hewson [54], the most catastrophic
threats humanity is facing today include the following:

• Chemical pollution of the earth system, including the atmosphere and oceans;
• Collapse of ecosystems and loss of biodiversity;
• Decline of natural resources, particularly water;
• Global warming and human-induced climate change;
• Human population growth beyond the Earth’s carrying capacity;
• National and global failures to understand and act preventatively on these risks;
• Nuclear weapons and other weapons of mass destruction;
• Pandemics of new and untreatable diseases;
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• Rising food insecurity and failing nutritional quality;
• The advent of powerful, uncontrolled new technology.

Among these threats, “national and global failure to understand and act preventatively
on these risks” is the most important. This is the incapability of the governments [55]
and the public [56] to understand and take actions against threats that are most likely
to, or definitely, lead to a catastrophe. This issue is the root cause of the failure of AI
solutions—even if they target sustainability [57]—as they are mainly used to improve
business efficiency and economic productivity in our cities [58] rather than actually tackling
the aforementioned global threats that are mostly anthropogenic in origin [59].

The flourishing of humankind over the last 10,000 years in the Holocene is a consequence
of the planet’s beneficial conditions, that is, the perfect climate and ecosystem [60]. As such,
investigating the ways in which AI can help establish conditions in which humans and the
planet can thrive in the Anthropocene has been the subject of much recent scholarly work [61].

For example, Vinuesa et al. [62] explored the role of AI in achieving the UN’s sus-
tainable development goals (SDGs). Their study found that “AI may act as an enabler on
134 targets (79%) across all SDGs, generally through a technological improvement, which
may allow to overcome certain present limitations. However, 59 targets (35%, also across
all SDGs) may experience a negative impact from the development of AI”. In another
study, Gupta et al. [63] assessed whether AI is an enabler or an inhibitor of sustainability,
measured via SDGs. Their study disclosed that “when SDGs related to Society, Economy,
and Environment were analyzed, it was observed that the Environment category has the
highest potential, with 93% of the targets being positively affected, whereas Society has the
largest negative effect with 38% of the targets exhibiting a negative interaction with AI”.

Likewise, Goranski and Tan [64] examined the role of AI in accelerating the progress
of SDGs. Their investigation revealed that “AI can generate data for more intelligent
targeting of intervention, reduce waste and losses in production and consumption, create
new applications that will transform entire industries and professions, and provide the
necessary improvements in connectivity and cost reductions that brings the benefits of the
rapid pace of technological development to many people worldwide”. While AI represents
an opportunity for achieving the SDGs, as stated by Dwivedi et al. [65], an AI-supported
delivery of SDGs will “require significant investment from governments and industry
together with collaboration at an international level to effect governance, standards and
security”. Figure 1 shows the 17 SDGs.

Additionally, in recent years, we have witnessed an increase in academic literature
reporting the outcomes of AI technology applications for social good, and in tackling social
and environmental issues [66]. The environmental areas in which AI applications are
utilized range from air pollution monitoring [67] to wastewater treatment [68], from en-
dangered species protection [69,70] to climate change detection [71], from natural disaster
prediction [27] to ecosystem service assessment [72], and other applications in environmen-
tal sciences [73].

 

Figure 1. Sustainable development goals [74]. Source: https://www.un.org/sustainabledevelopment/news/
communications-material/ (accessed on 9 August 2021).

While the existing and potential benefits of AI for the environment have been pre-
sented in the abovementioned studies, said studies also underlined the critical impor-
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tance of addressing the risks involved. For instance, studies emphasized the critical
importance of:

• Being supported by the necessary regulatory insight and oversight for AI-based
technologies to enable sustainable development, and avoid gaps in transparency,
safety and ethical standards [62];

• Going beyond the development of AI in sectorial areas, so as to understand the impacts
AI might have across societal, environmental and economic outcomes [63];

• Offering a constructive, rather than optimistic or pessimistic, outlook on AI for pro-
moting desired sustainable outcomes [75].

The most common negative effects of AI on the environment include increases in
electricity usage (computation and transmission power consumption) and the resulting
carbon emissions, along with errors in critical decisions due to user and data bias [76–78].
Given that global technology uptake is growing at an exponential rate, the impact of these
externalities is expected to be immense [79]. Just to give an example, cryptocurrency
mining in recent years has led to increased energy consumption globally.

As stated by Cuen [80], the bitcoin electricity consumption index of the University of
Cambridge indicates that “bitcoin miners are expected to consume roughly 130 Terawatt-
hours of energy (TWh), which is roughly 0.6% of global electricity consumption. This puts
the bitcoin economy on par with the CO2 emissions of a small developing nation like Sri
Lanka or Jordan”.

These undesired externalities call for a sustainable approach to AI that adopts a green-
based technological perspective, including switching to a sustainable AI infrastructure [81–85].
In their study on the climate cost of global computation, Dobbe and Whittaker [86] made the
following recommendations for tech-aware climate policy and climate-aware tech policy:

• Account for the entire tech ecosystem;
• Address AI’s impact on climate refugees;
• Curb the use of AI to extract fossil fuels;
• Integrate tech and climate policy;
• Make non-energy policy a standard practice;
• Mandate transparency;
• Watch for rebound effects.

Making AI green and sustainable, i.e., the green AI approach, requires a bias-free
(besides a reasonable environmental bias or positive discrimination), inclusive, trustworthy,
explainable, ethical and responsible approach to technology that aims to alleviate the
developmental challenges of the planet in a sustainable way [30,87]. This approach—using
AI to solve sustainability challenges and using AI in a more sustainable way—will also
serve as an enabler of smart city transformation [88,89].

4. Green Sensing, Communications and Computing

Now that we have discussed a number of policy and high-level issues related to green
AI, we will define and discuss issues that relate to the development of digital infrastructure
for green AI. Our intention is to discuss these infrastructural issues here, together with
the high-level issues, and to provide a holistic overview such that different communities
working in policy and infrastructure research can understand the cross-disciplinary issues,
and collaboratively devise holistic and globally optimum solutions.

Sensing, communications, and computing have never been so interdependent as they
are now due to the emergence and convergence of technologies, including the miniaturiza-
tion of sensors, Internet-of-Things (IoT), data-driven methods, AI-driven optimizations,
and cloud, fog and edge computing. The whole ecosystem of smart applications and
systems is converging due to the need for these applications to be intrinsically collaborative
and distributed.

These smart applications and systems require a certain level of smartness that enhances
our ability to engage, sense and act on our environments, analyze them, and make timely,
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effective and sustainable decisions [90]. The trend is an increase in the number of IoT
devices, expected to reach 25 billion by 2030 [91], which in turn increases the requirements
for data pre-processing, storage, communications, and processing. AI provides the brain of
the smartness, i.e., it undertakes the analyses and the decision-making processes. AI, while
requiring significant computational resources (storage, communications and processing),
has the capability to improve the efficiency of the whole infrastructural ecosystem via the
holistic analysis and optimization of the system.

To aid in the development of green AI, both at the policy and the infrastructure level,
we herein introduce and define the concept of “green sensing” as physical and virtual green
sensing to enable triple bottom line (social, environmental and economic) sustainability. The
definition proposes the development of methods and technologies to sense and measure
social, environmental and economic sustainability. Sustainability is affected by challenges
such as security, privacy, the safety of people, ethical standards and compliance, and so on,
and therefore these are included in our definition of green sensing. These methods and
technologies should be green in terms of their efficiency and energy usage.

What are the potential examples of green sensing methods and technologies in the
broader sense of the term green sensing, as we have defined it above? A physical sensor
to measure the sustainability of urban infrastructure and environmental pollution can
be considered a green sensor [92,93]. A virtual sensor, such as that using big data or
social media data to detect congestion on the road, can be considered a green sensor for
environmental sustainability, in the sense that it detects the environmental pollution that
may be caused by a high intensity of pollution in the geographical area where congestion
is happening [94].

The same can also be considered a green sensor for social sustainability (or a social sus-
tainability sensor) because it can detect people’s anguish, and the potential health-related
harms to the people living in or travelling through said geographical area [95]. AI-based
virtual sensors can be developed by analyzing various literature, news media, or govern-
ment regulations in order to understand their economic impacts and sustainability. The
possibilities are almost endless. Sensors fit into two broad types: the ones that measure the
impact of phenomena directly (e.g., the power or gas/petrol consumption of a community,
or real-time or future crowd detection in public spaces) [96,97], and those that measure the
impact indirectly (e.g., via social media) [98,99].

The concept of green sensing used here is different from and much broader than
the earlier usage of this term, which refers to the methods used to save energy in the
sensing process. The earlier use of the term mostly appeared in the context of wireless
sensor networks (WSNs) [100]. A range of methods and technologies have been developed
under the umbrella of wireless sensor networks to reduce the energy usage of sensors.
These techniques have been naturally extended to the IoT paradigm. WSNs and IoTs have
been used for many applications, including for environmental monitoring and protection,
such as forest fire detection, ambience monitoring, and so on. The main motivation for
developing these techniques has been to reduce the energy required by the sensing devices,
which are typically wirelessly connected and battery powered.

The techniques to save energy include duty cycling (periodically turning the radio
on/off to save energy), wake-up radio (on-demand radio on/off), sensor selection or
scheduling (selection or scheduling of a subset of sensors instead of all the sensors),
adaptive sampling (adapting the selection of sensors based on the context and application),
and more. These green sensing techniques can not only reduce the energy required for
sensing, but they also reduce the generated data, reducing the energy needed for data
storage or pre-processing. Energy harvesting techniques by all, or a selection of, sensors
using renewable energies or electric signals have also been proposed to make the sensing
process greener [101].

The data sensed through IoT and other media are usually transferred to a central loca-
tion, such as a master node or a cloud computing center, for their analysis. An astonishingly
large amount of energy is required to transfer data across networks. Naturally, a range
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of techniques have been developed to reduce data communication energy and improve
network efficiency. In addition to reducing data generation through the various green
sensing techniques mentioned earlier, various data pruning methods have been developed,
such as using data compression to reduce communication and bandwidth requirements.

Probably the most important development in this respect is fog and edge computing-
based solutions, which reduce the data transfer and bandwidth requirements of smart
applications by processing data at the edge or fog layers, near the sensors and devices, while
offering other benefits such as data security and privacy. Several works have investigated
the energy efficiency and other benefits of fog- and edge-based solutions [102].

For instance, Janbi et al. [103] developed a framework for the provision of distributed
AI as a service (DAIaaS) in future environments. The framework divides “the actual
training and inference computations of AI workflow into smaller computations that are
executed in parallel according to the level and capacity of resources available with cloud,
fog, and edge layers” [103]. They consider “multiple provisioning scenarios for DAIaaS
in three case studies comprising nine applications and AI delivery models and 50 distinct
sensor and software modules”, and report the energy consumption and other benefits of
edge- and fog-based AI delivery solutions.

Mohammed et al. [104] proposed the UbiPriSEQ framework, which aims to holistically
and adaptively optimize energy efficiency, security, privacy, and quality of service (QoS).
They reported an implementation of the proposed framework using deep reinforcement
learning (DRL), which allows for devising policies and making decisions related to impor-
tant parameters, such as transmit power, the specific fog nodes to be selected for offloading
data and computation, and so on.

A number of key technological developments are shaping the development of high-
speed and low-latency networks, such as fifth-generation networks (5G), which offer a
powerful system for ubiquitous environments with advanced sensing and processing
capabilities, along with IoT [104]. The requirements of next-generation societies are un-
derpinned by the need to ubiquitously deliver smart services (AI and data-driven) and to
increase the numbers of sensors, and these requirements are expected to be met by 6G, the
next generation of cellular networks [103–106].

The 6G networks are expected to meet these requirements by use of higher-spectrum
and multiple communication technologies [107], ultra-dense heterogeneous network-
ing [106], terrestrial and non-terrestrial communications [108], and the use of AI to optimize
service-oriented network operations [109,110]. An important feature of the 6G networks
would be their support of ubiquitous AI services. More importantly, energy efficiency is
considered the critical requirement of 6G, and this feature is expected to be ten to a hundred
times better than that of 5G, achieved using novel antenna designs, zero-energy nodes, and
other technologies related to low-rate sensing applications [105,111].

Energy efficiency is a grand challenge in the design of large-scale computing systems,
such as supercomputers and computational clouds. For example, the system that is
currently ranked number one on the list of the top 500 supercomputers, Fugaku, has over
seven million cores and requires 28.3MW of power for its operation. While AI algorithms
consume large amounts of power, they can be used to reduce the energy requirements of
computations while optimizing performance [112], thus allowing for the concept of green
(virtual) sensing and optimizations to be introduced into computing systems.

5. Final Remarks: Policy Directions for Making AI Greener and Cities Smarter

This perspective paper generally contributes to the growing AI literature by underlin-
ing the fundamental shortfalls in mainstream AI system conceptualizations and practices,
and by advocating the need for a green AI approach to further support smart city transfor-
mation and SDGs.

The paper also provides a perspective on the green AI concept. It defines and elabo-
rates on the concept, and discusses why a consolidated effort is needed in the area, including
the benefits of a strengthened green AI approach. The elaborations are supported by the
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literature from diverse disciplines, including computer, environmental and social sciences,
and urban studies. The paper also discusses issues that relate to the development of digital
infrastructure for green AI. The intention is to discuss these infrastructural issues together
with other high-level issues, and to provide a holistic overview such that different com-
munities working in policy and infrastructure research can understand cross-disciplinary
issues and collaboratively devise holistic and globally optimum solutions.

Moreover, in order to aid in the development of green AI, both at the policy and
infrastructural levels, the paper introduces and defines the concept of “green sensing”
as physical and virtual green sensing to enable triple bottom line (social, environmental
and economic) sustainability. This paper also highlights the importance of, and advocates
the need for, the development of methods and technologies to sense and measure social,
environmental and economic sustainability.

This perspective piece makes an invaluable contribution to the emerging field of green
AI, as there is no scholarly literature that discusses the policy and infrastructural issues of
the given topic in an abstracted way. Our approach here allows readers to gain a holistic
understanding of the issues related to green AI via a relatively succinct perspective piece,
and presents prospective research and development directions.

We conclude the paper with the following remarks, as it is highly important to have
timely, effective and efficient government policy in place for making AI greener and our
cities smarter.

Firstly, we underline that the field of AI is growing rapidly; technological advance-
ments are exponential, and applications are disruptive [113,114]. In such a situation,
without appropriate government intervention, the business-as-usual scenario will create
extended negative risks and consequences for our society and the planet [115]. Unfortu-
nately, these risks and consequences have not yet been fully understood by governments,
which means they do not act upon them or take preventative measures [116].

Secondly, as evidenced in the literature, there are colossal policy challenges in the
way of making AI green [117]. Perhaps the most critical one is the need for governments
to develop legal and ethical frameworks for AI and its use [118]. Expanding on this
issue, Dwivedi et al. [65] listed fairness and equity, accountability and legal issues, ethics,
misuse protection, transparency and auditing, and digital divides and data deficits as the
fundamental public and environmental policy challenges of AI. Another study, by Jobin
et al. [119], disclosed “the primary AI ethical principles as follows: transparency, justice
and fairness, non-maleficence, responsibility, privacy, beneficence, freedom and autonomy,
trust, sustainability, dignity, and solidarity”. These principles are critical to AI projects’
ability to deliver the desired outcomes to all.

Thirdly, up until now, no country has passed an AI law yet, and only a small number
of countries have attempted to introduce AI ethical frameworks and regulation guidelines—
such as the European Union’s AI ethics guidelines, intended to inform future regulation,
and other examples include AI ethical frameworks in Australia, Germany, Singapore
and the UK [120]. The most popular existing practice for most governments seems to
be adopting a “wait-and-see” approach to AI ethics and regulations [121]. Furthermore,
as stated by Hagendorff [122], in most cases, the existing ethics frameworks fail to serve
their purposes, as they lack any reinforcement mechanisms—in other words, there are no
consequences if these ethical principles are not followed.

Furthermore, having no regulation at present does not mean that the AI domain will
not be regulated in the near future—in this regard, we note the EU’s recently released
pioneering AI regulation [123]. It is very likely that, as has happened in cases of sharing
economy applications, e.g., Uber and AirBnB [124,125]—governments will eventually
regulate the AI practice to alleviate its undesired consequences [126]. As stated by Yara
et al. [87], “with the development of technology, changes are needed in the legal regulation
of AI so that the consequences of its use become useful for the whole society. Market forces
with their own resources will not ensure successful development for the whole population.
Thus, legal regulation of AI is inevitable.”
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Lastly, there is a critical role to be played by all stakeholders, e.g., public and private
sectors, academia and the public, to make sure that forthcoming AI plans, ethics and
regulations also bring efficiency, sustainability and equity perspectives to the technology
domain, which will ultimately help in achieving SDGs [127,128]. This renewed green
AI approach and capacity will also consolidate the efforts made to transform our cities
into smart ones, and support the smart and sustainable development of our cities and
communities [129]. In other words, as also indicated by Fisher [130], we need to put our
best effort into making AI an efficient, sustainable and equitable technology for establishing
smart cities and sustainable futures.
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Abstract: The COVID-19 pandemic has made many urban policymakers, planners, and scholars,
all around the globe, rethink conventional, neoliberal growth strategies of cities. The trend of
rapid urbanization, particularly around capital cities, has been questioned, and alternative growth
models and locations have been the subjects of countless discussions. This is particularly the case
for the Australian context: The COVID-19 pandemic heightened the debates in urban circles on
post-pandemic urban growth strategies and boosting the growth of towns and cities across regional
Australia is a popular alternative strategy. While some scholars argue that regional Australia poses
an invaluable opportunity for post-pandemic growth by ‘taking off the pressure from the capital
cities’; others warn us about the risks of growing regional towns and cities without carefully designed
national, regional, and local planning, design, and development strategies. Superimposing planning
and development policies meant for metropolitan cities could simply result in transferring the ills of
capital cities to regions and exacerbate unsustainable development and heightened socioeconomic
inequalities. This opinion piece, by keeping both of these perspectives in mind, explores approaches
to regional community and economic development of Australia’s towns and cities, along with
identifying sustainable urban growth locations in the post-pandemic era. It also offers new insights
that could help re-shape the policy debate on regional growth and development.

Keywords: regional towns; regional cities; regional Australia; regional lifestyle location;
regional innovation system; regional turnaround; post-pandemic urban growth; COVID-19 impact;
regional planning; sustainable urban development

1. Introduction

The ongoing COVID-19 pandemic has affected many countries and millions of people all over the
globe. This most severe global health crisis impacted public health, disrupted consolidated neoliberal
economies, labor markets, and other facets of social and individual life. Subsequently, the global
economy has hit a recession, where it is now gradually turning into a global financial crisis [1].
Today, we are witnessing substantial changes in various social activities and behaviors of individuals,
such as reducing economic and social engagements, social distancing, delaying school, staying more at
home, working and studying remotely, and moving to safer and less denser locations [2–4].

COVID-19 is a reminder of the vulnerability of major cities as dominant centers of economic and
social life; the pandemic has seriously challenged our economic, social, and urban systems and it is still
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too early to assess its long-term impacts. As Sir Norman Foster has stated [5], our cities will survive,
but we need to rethink our model of growth and economic structure. Some cities, so far, have done
better than others [6]. However, in Australia, the factors affecting the spread of the virus such as
international access points and difficulties of confining spread in geographical clusters, have meant
that large cities have become the epicenter [7]. Regional towns and cities may not have had as
dramatic health impacts, but certainly their economies have been severely affected in concert with the
national economy as a whole. In parallel, the unprecedented move to remote work, nomadic/mobile
work, and home-based work has accentuated the use of digital technologies, which obviate the need
for geographic co-location to conduct business. These trends have been further accelerated by the
pandemic [8–10]. This potentially opens up opportunities for Australia’s regional towns and cities,
especially for realizing a regional turnaround. Nevertheless, if ever there was a time for innovative
approaches to decentralizing Australia’s population and economic resources, it is now.

This opinion piece explores and discusses current opportunities for Australian regional towns and
cities. The Australian borough of statistics defines towns as settlements with a population between
10,000 and 100,000 [11], but for our purposes we find it helpful to specify that regional towns and
cities are those that lie beyond the major capital cities of Sydney, Melbourne, Brisbane, Perth, Adelaide,
and Canberra. We follow the Regional Australia Institute’s [12] nuanced definitions where regional
cities are more than 50,000 people, and towns can include connected lifestyle regions, industry and
service hubs, and heartland regions. In other words, these areas are variegated and a one size fits all is
not possible. Following this introduction, Section 2 provides background to the regionalism discourses
in Australia. Sections 3 and 4 present growth challenges and growth opportunities of Australian
regional towns and cities, respectively. Lastly, Section 5 concludes the opinion piece with some remarks
on the insights into sustainably accommodating post-pandemic urban growth in regional Australia.

2. The Growth of Regional Towns and Cities

In Australia, most of the population is clustered around a few big urban centers (Figure 1). In a
country that is almost 90% urban, more than two-thirds of the population are housed by the capital
cities and their metropolitan regions. Although relatively few people might live in regional towns,
the Regional Australia Institute [12] argues that regional towns and cities collectively house 9.45 million
Australians (versus the 15.9 million in the metropolitan capital cities). Moreover, they argue that
regional cities and connected lifestyle regions are growing at significant rates (5.4 and 6.8%, respectively)
which is comparable to the growth of metropolitan capitals at 8%. In recent decades, like many cities
across the world, numerous Australian major cities have been struggling with unprecedented growth,
rising costs, and the changing nature of employment [13]. Urban population growth puts pressures
on infrastructure, housing, environment, social, and community resilience. The greenfield model
of development adopted so far as the prominent strategy to manage urban growth erodes fertile
agricultural lands and has a consistent financial impact due to the need of new infrastructures to move
people and goods [14].

At the same time, some regional and rural communities fight to keep a sustainable population [15]
and experience skills shortages [16], leaving them with the challenge of attracting skilled and
motivated workers [17]. Although COVID is projected to slow Australia’s population growth [18]
and presumably alter these dynamics, the deep contradictions of our cities are the economic and
geographic structures that promote ‘a winner takes all’ urbanism of the talented and advantaged
clusters, which succeed in leaving everybody else behind [19]. Population shifts and their urban
dynamics already unfold differently in regional towns and cities, where urban landscapes reflect and
help reproduce contradictions and inequalities in distinct ways [20]. Nonetheless, even in a century
where more than half the world’s population is now urban (and rapidly increasing), ‘in every place
and in every century, there have been alternatives’ [21].

A number of planning and development policies are relevant to this discussion. The Regional
Australia Institute argues that further agglomeration in capital cities does not improve national economic
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performance and will impair livability particularly in terms of housing affordability and congestion [22].
They advocate the development of regional settlement strategies, analysis of infrastructure investment
options, optimizing land use policies, and better strategies for migration of skilled workers to
regional cities. The ‘Planning for Australia’s Future Population’ report also suggests taking the
pressure off capital cities, and argues for similar policy interventions, along with an emphasis on
well-functioning communities and community services [23]. The Australian Productivity Commission’s
report on ‘Transitioning Australia’s Regions’ [24] cautions against ad hoc interventions, but also argues
for optimizing land use and planning along with rigorous and transparent evaluation of regional
development strategies. Their methodology is particularly relevant to our discussion. They developed
an index of Regional Adaptive Capacity that emphasizes human, social, natural, financial, and physical
capital as well as other economic indicators such as regional economic diversity [24].

 

Figure 1. Australian settlements by population size groupings [11].

In addition to government-led interventions through policy, we also argue that for these policies
to work, regional industries and businesses must have the capacity to innovate and adapt to make use
of the opportunities afforded, e.g., better land use and more availability of a high-skilled workforce.
This means continuing transforming industries such as agriculture, manufacturing, and tourism
through an emphasis on developing high value-added products and services, as well as accelerating the
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adoption and tailoring of advanced technology to regional contexts. The emerging technological reality
of the modern professional is that an increasingly large number of knowledge workers can choose their
desired location and lifestyle while seamlessly collaborating with customers, clients, and stakeholders
online [25–27]. These technological forces are doing more than merely shifting economic activities
from one area to another. In addition to this geographic movement, these innovations have also been a
catalyst for new economic growth and renewal.

Current urban development paradigms replicate at a smaller scale the same pattern used in
major cities. The central business district (CBD)-Suburbia model is often implemented with a
cookie-cutter approach that does not take into consideration the peculiarities and lifestyle advantages
of regional centers, their socioeconomic structure, and the synergies between different types of urban
forms [28,29]. Promoting growth in regional towns—a.k.a., medium (1000–50,000 inhabitants) and
large (50,000–100,000 inhabitants) towns as per ABS definition [1], as well as regional cities of 50,000 or
more—has to be supported by an investigation into suitable urban designs and urban structures to
maximize the use of existing infrastructures and capitalize on the local sense of place and community
identity [30–33].

Some scholars argue that Australian regional towns and cities pose an invaluable opportunity
for post-pandemic growth by ‘taking off the pressure from the capital cities’ [22,34]. On the other
hand, some scholars warn us on the risks of growing regional towns and cities without carefully
designed national, regional, and local planning and development strategies, and transferring the ills of
capital cities to regions [35,36]—such as unsustainable development and heightened socioeconomic
inequalities. As Archer et al. [37] stress, “it is crucial that environmental sustainability, social inclusion,
and livability considerations are also included in the deliberations to develop population-based
initiatives . . . not only ‘How many Australians?’ but ‘Where will they live?’” (p. 124). Indeed, there is
an urgent need for a national discussion about the Australia-wide distribution of urban areas as well
as the long-term planning for different settlement patterns [38].

Against this backdrop, the discussion in this opinion piece sets out to explore approaches to
regional community and economic development for recovery and growth of Australia’s regional towns
and cities, along with identifying sustainable growth locations in the post-pandemic era for Australia.

The discussion is guided by three themes:

i. Attracting population to regional cities;
ii. Increasing employment in regional cities with a focus on technology and innovation;
iii. Support urban growth in regional cities exploring suitable sustainable urban development models

for third-tier centers.

As an opinion piece, we do not aim to provide empirically grounded answers to these themes.
Rather, the purpose of this article is to offer a discussion informed by a critical review of the relevant
literature with a view to stimulate additional voices to chime in and further the discourse in the field.

3. The Challenges

While, arguably, regional Australia faces many challenges, within the scope of this article
we have selected three interrelated issues to focus on. They are: (Section 3.1) The population
counter-trend of an undercurrent of people leaving metropolitan cities and migrating and settling
in regional areas—a.k.a. counter-urbanization—and the challenge of retaining them and providing
career pathways for them; (Section 3.2) the role and impact of digital technology for a sustainable
approach to population shifts, settlement strategies, and regionalization; and (Section 3.3) the challenge
of reconciling population growth aspirations with protecting lifestyle benefits and a sustainable
natural environment.
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3.1. Offering Sea-Change, e-Change or Flee-Change Locations

The phenomenon of urbanism increasingly impacts on Australian society through population
growth in urban areas or decline in rural and regional areas [39]. Population growth puts pressures
on infrastructure, housing [40], environment, social networks, and communities. Like cities all over
the world, Australian cities struggle with unprecedented growth, rising costs, the changing nature
of work—particularly Sydney, Melbourne, and Brisbane [13], and uncertainty in a complex political
arena [19]. Economic geographies and associated policies tend to focus on urban concentrations.
Yet, there is a lack of attention on realizing significant opportunities for the development of robust
and sustainable knowledge and innovation economies in regional areas [41,42]. We note that not all
regional cities have the same characteristics; for instance, Gold Coast and Sunshine Coast have been
experiencing rapid growth. Yet, the growth faced by metropolitan areas, the shrinking population of
the regional centers, which often try to compete in an increasingly globalized economy, and the impact
of lifestyle shifters can disrupt the delicate balance of sensitive coastlines and other key environmental
features [43]. The impacts are global game changes that threaten Australia’s productivity, social cohesion,
and livability as we know it. Nonetheless, urbanization has never been either inevitable or without
countervailing tendencies—in other words, path dependency matters. However, in every place and in
every century, there have been alternatives [21].

Traditionally, coastal cities of Australia have been the locations for ‘sea-change’ [44]. However,
Gurran and Blakely [45] argue coastal migration is incidental to urban dominance, and unlikely to be
a factor in the prosperity of Australia’s regional cities located outside metropolitan areas. In recent
years, as part of a counter-urbanization trend, ‘e-change’ is underway in Australia—migrating from the
capital cities to nearby lifestyle towns [46] and working remotely [4,47]. The latest trend is ‘flee-change’.
People particularly from VIC and NSW have started to move to coastal cities/towns to escape COVID-19
risks and strict pandemic restrictions [48]. Nevertheless, regional cities outside metropolitan areas,
away from the coast and metropolitan CBDs, have been less likely to attract large migrant populations.
It is unclear if COVID-19 and the wider embracement of new technology will alter this.

3.2. Offering Broadband Access, Innovation, and the Digital Economy Conditions

There is an acknowledged overlap between creative industries, other knowledge work,
and remote work, and an established trend for them to seek out lifestyle opportunities [4,49–51].
The connectivity promised by Australia’s National Broadband Network (NBN) has also opened up
possibilities for regional centers to market themselves as lifestyle towns for telework—also linked
with the above-discussed e-change [46,52,53]. Yet, there are benefits and challenges to location
choices [54]. There are pressures on some of these lifestyle choices such as the rapid population
increases—e.g., Gold Coast, QLD [21]. Nevertheless, the contrasting and highly criticized dystopian
effect of high population growth on the Gold Coast raises issues of urban and transport planning
and design policy questions for the promotion and growth of sensitive and sustainable regional
centers [21,55].

Within the digital economy, knowledge and creative occupations—and digital
nomadism—are important [56] and have been growing with each census since 2001 [57,58].
Lobo et al. [59] argue that higher densities of educated creative and knowledge workers spread
innovations throughout the economy and impact metropolitan productivity broadly. A number of
studies have documented the dynamics of knowledge and creative work outside CBD areas where
they are strongest [60–63]. In addition to the knowledge and creative industries, there may be a general
‘employment dividend’ by embedding knowledge and creative workers [64] in other larger sectors
such as manufacturing [57,58,65,66].

Regional employment opportunities through innovation are critical. Some of the success stories
include the Ideas Lab in Cairns (formerly the Cairns Innovation Centre)—a self-sustaining start-up and
innovation ecosystem in Far North Queensland [67]—and Australian Tropical Sciences and Innovation
Precinct—a world class tropical research hub located in Townsville [68]. Nonetheless, both projects are
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public/academic sector investments, and there is only a negligible level of private sector driven large
investments in regional Australia—excluding mining and agricultural operations. The lack of private
sector led innovation activities in regional cities and the lack of effective partnerships pose a risk for
the adoption of knowledge and innovation economy [69,70].

3.3. Offering Regional Liveability and Sustainability

The concepts of livability and sustainability are increasingly used to define our cities [71]. Pressures
on metropolitan urban areas are creating vast disparities between inner suburbanites and the outer
regions of a city. Consequently, while this crisis is often reported as a statistical phenomenon, it is an
urban reality for millions of individuals, their lives, their work, and the livability of their neighborhood.
As housing prices soar in metropolitan cities of Australia, there is a generation of youth questioning
if they will ever be able to enter the housing market and an older generation trying to maintain
home ownership under increasing economic pressure and uncertainty [72]. Besides, commuting
robs families and communities of time and social input, undermining the social structures of our
society—especially in the case of Sydney and Melbourne. At the same time, many regional and
rural communities fight to keep a sustainable population [15] and experience skills shortages [16],
leaving them with the challenge of attracting skilled and motivated workers.

This issue brings the importance of developing and delivering new urban planning, place-based
design, and placemaking strategies tailored to regional Australia [73–76] that avoid regional cities and
towns from being propelled to join their larger counterparts in the new urban crisis. This also assists
in addressing one of the practical research challenges identified by the Commonwealth government
of developing more resilient urban, rural, and regional infrastructure. Without a desired level of
livability and sustainability, regional urban offerings are unlikely to become a growth alternative to the
primate—i.e., Sydney—and second-tier cities of Australia—other state capitals and some cities within
their metropolitan area [77].

4. The Opportunities

In response to the triad of challenges we identified and presented above, we now turn our
attention to a similarly interrelated set of three areas of opportunities for regional Australia. They are:
(Section 4.1) The policy response; (Section 4.2) the planning and design response, and (Section 4.3) the
governance response.

4.1. The Need for a Distinctive Policy for Regional Knowledge and Innovation Industry Dynamics

In line with the international focus on the knowledge and innovation industries as a source of
potential cultural and economic innovation and growth, numerous regional areas have identified the
stimulation of knowledge and innovation industries as a key element for sustainable growth [78].
Further, knowledge and innovation industries and knowledge workers are not restricted to urban
areas: These industries exist as a site of strong potential innovation and development beyond major
cities [79]. In fact, many knowledge workers opt to move themselves and their work away from
urban centers. Evidence signals that many knowledge workers are attracted to specific regional areas
as part of a wider ‘e-change’ ex-urban migration trend [54]. However, there is a gap in research on
knowledge/creative industries in regional locations [80].

This issue brings the following questions to mind: (a) How do knowledge and innovation
industries work in regional locations? (b) What can knowledge and innovation industries and workers
be attracted to regional locations? (c) In what types of places do regional knowledge and innovation
industries thrive best? (d) How is technology—specifically the shift to telecommuting—playing a role
in shaping regional innovation cultures and practices? There is limited research conducted on these
questions, which signals that knowledge and innovation industries in regional locations do not operate
in the same ways as they do in the CBDs of first- and second-tier cities [81,82].
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Understanding how Australian regional knowledge industries operate on the ground could
provide a foundation for regional-place specific innovation policies and initiatives in Australia.
This could also inform the development of policies and programs that avoid replicating metropolitan
urban strategies, which may well miss the mark. Hence, uncovering the economic and cultural
geographies of knowledge industries innovation in regional Australia is critical to provide a strong
basis for evidence-based policymaking.

4.2. The Policy, Planning, and Design Response

The literature highlights the impact of placemaking and the built environment on the livability
of regional centers and their ability to become globally competitive as places for people to live and
work [83]. It is, hence, imperative to explore the factors that make the biggest and most pertinent impacts,
supporting knowledge industries and workers and their spatial needs, and develop urban planning and
design policy recommendations tailored to a digital economy in regional Australia. Urban planning
and design strategies adopted regionally are often simply pale imitations of metropolitan approaches
that do not resonate with local communities [84]. Given e-changers and flee-changers are moving to
regional centers (mostly coastal) to avoid overly crowded and congested urban milieus—along with
others with different relocation reasons—it is important to work closely with local communities to
deliver novel urban planning and design strategies that are engineered to maximize and protect the
local identity and capitalize on local opportunities. In that perspective, it is useful to adopt innovative
participatory action research and participatory design methodologies to address this component [85,86].

4.3. The Governance Response

Enabling local governments in regional Australia to navigate the challenges outlined here will
require a balance of impact, lifestyle, and shifting economies. Achieving this balance will in turn require
a concerted and collective effort to foster innovation, strong policy direction, and an understanding of
the key drivers and influences. Issues of pollution, inequalities, rising housing costs and affordability,
cost of living, transport networks and capacities, community and social connection place pressures on
lifestyle and health and, in doing so, compromise the livability for the masses [87–89]. Florida [19]
suggests the ‘new urban crisis’ is not just a crisis of our cities but of our age, of a highly urbanized
knowledge-based capitalism. Cities have increasingly become a patchwork of concentrated advantage
and much larger swathes of disadvantage. Yet, this patchwork model is also a faithful reflection of the
methodological approaches that have emerged in the literature for addressing this suite of challenges.
These topics have been separately examined through the lenses of pollution [90], economics [91,92],
and social science [93], but prior investigations in this area have so far failed to provide any kind of
integrative analysis that draws together these disparate bits into a more cohesive, unified perspective
that can guide local governance. In sum, strategic governance highly matters for further development
of Australian regional cities [94], and effective urban planning, design, policy, and monitoring—along
with the planner as “an orchestrator and enabler of planning regional futures” [95]—are the key
vehicles to achieve the desired outcomes and regional futures.

5. Concluding Remarks

The COVID-19 pandemic has forced us to rethink our cities from the prism of health, livability,
and sustainability [96,97]. Referring to climate change and COVID-19, Bauman [98] argues that,
“the existential emergencies we face require a wholesale reimagining of how we live, work and play
in urban spaces”. Specifically in the context of the post-pandemic recovery driven by a renewed
attention to regional Australia, we argue that this will require a continuing focus on food and
agriculture [99,100], as well as radically reframing our unhealthy relationship with nature and the
planet towards a post-anthropocentric design agenda [72,101] that prioritizes revegetation, rewilding,
and more-than-human perspectives [102–104].
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The pandemic has also created an opportunity to revisit our options on human settlement,
urban habitat, and where and how to locate the future population (and also economic) growth in
Australia [105]. We have a chance to rethink the structure of our urban systems and pursue alternative
models to the consolidated paradigms of Euclidean planning. This opinion piece underlined the
following regional challenges to attract and retain migrants to regional cities (particularly coastal ones):
(a) Offering sea-change, e-change, and flee-change locations; (b) offering broadband access, innovation,
and the digital economy conditions; and (c) offering regional livability and sustainability. It also
highlighted the crucial importance of the following mechanisms for sustainably accommodating the
post-pandemic urban growth in regional Australia: (a) A distinctive policy for regional knowledge and
innovation industry dynamics; (b) the planning and design response; and (c) the governance response.

Our enquiry has revealed that the three original themes used to structure our discussion can be
articulated in a series of diverse and detailed questions, to further the understanding of opportunities
and dynamics in regional towns:

• Attracting population to regional cities: (a) What factors affect the choice of location in moving to
regional Australia? (b) What placemaking strategies and urban design features are necessary and
desired to enable knowledge workers to work effectively in Australian regional lifestyle locations?
(c) How can the unique local qualities and the ‘sense of place’ of regional Australia be maintained,
while catering to the demands and needs of new workers’ families? (d) How can we attract skilled
migrants to regional Australia through cultural interventions? (e) What are the new models of
affordable housing for regional Australia? (f) How can the pandemic migrants be retained in
regional Australia post pandemic?

• Increasing employment in regional cities with a focus on technology and innovation: (a) How can
existing businesses grow their revenues and jobs? (b) What specific skills are needed in regional
Australia? (c) How can creative and knowledge services grow revenues of existing businesses in
regional Australia? (d) What models of start-up and innovation hubs are best suited to regional
Australia? (e) How can the community, industry, and local government sectors come together to
spur innovation in regional Australia? (f) What are the profiles of jobs, professions, and education
that are most likely to choose and succeed in relocating to regional Australia? (g) How can the
economic development strategies (including land use policies) in regional Australia best respond
to these insights? (h) What is the prospect of new service providers and business models emerging
to support innovation across regional Australia? (i) How can we create new and sustainable
industries in regional Australia?

• Support urban growth in regional cities exploring suitable sustainable urban development models
for third-tier centers: (a) What models of cities can optimize the sustainable growth in regional
Australia? (b) What is the role of land use policy and developmental regulations in accelerating the
creation of innovation precincts/districts in regional Australia? (c) How can innovation/coworking
hubs be designed to enable affordable workspace and access to equipment, and knowledge
networks in regional Australia? (d) How can more inclusive and diverse innovation ecosystems
be developed in regional Australia? (e) How can urban redevelopment be rethought to better
suit the context and opportunities of regional Australia? (f) How can these changes impact the
economic prospects and prosperity for regional Australia?

We conclude this opinion piece—that explores approaches to regional community and economic
development of Australia’s regional towns and cities (Australian regional turnaround), along with
providing sustainable urban growth locations in the post-pandemic era—by restating the perspective
by Archer et al. [5]: We need “through better evidence, to ensure that distributing growth to regional
areas achieves its proper place in the policy debate and that government agencies invest the time and
effort required to make good decisions on these opportunities” (p. 35). The themes highlighted in this
piece can contribute to re-shaping the policy debate on regional growth and development and identify
new avenues for research and practice.
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