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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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CULTURAL & NATURAL
AMENITIES

* Public spaces

* Natural landscapes

* Cultural activities & facilities
* Events

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.

\/—\1
Ve \

SIVIARIFCIIFY

TECHNOLOGY

* Integration of ICT systems

* Advanced telecommunication
PEOPLE & SKILLS infrastructure

KNOWLEDGE &
INNOVATION PRECINCTS

* ICT office parks * Attraction, creation and

* Creative precincts retention of knowledge/
* Collaborative network GOVERNANCE creative workers & businesse

between universities & * Support for ICT start-ups &
local industries « E-governance entrepreneurs

* Strategic plans for smart
city development

* Stakeholder collaboration

*» Open data

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

Telecommunications

Fibreoptic network

Free Wi-Fi

Data intelligence

Open data portal

Mobile app

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 km?.

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

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.

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

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].

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.

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 Coastal COMS, 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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Opportunities

S

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.

settings & facilities
* Cultural precinct and attractions
* Rich variety and frequency of
events

Challenges
* Publicimage of the city
* Housing affordability

KNOWLEDGE &
INNOVATION PRECINCTS
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* Availability of ICT office parks
and a creative precinct

* Co-location of university
campuses and hospital,
creating knowledge precincts

* Co-location of a university
campus and an airport,
attracting fly-in, fly-out

GOVERNANCE

Opportunities
* Smart city objective in local
council’s corporate plan
* Extensive range of open data

PEOPLE & SKILLS

Opportunities
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* Nurturing local knowledge
workers
* Attraction of international
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TECHNOLOGY

Opportunities
* Integration of ICTs in city
infrastructure
* Availability of high-speed
broadband infrastructure
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* Upgrading broadband
infrastructure
* Limited funding availability for
future smart city initiatives

students on the Open Data Portal * Limited range of employment
« E-governance initiatives for opportunities
Challenges community engagement
* Limited transport connectivity
between knowledge precincts Challenges

* Primary emphasis on the
technology dimension of smart
citiesin the corporate plan

+ Dataownership issues restricting
effective use of open data

* Lack of smart city considerations
in the planning scheme's
strategic framework

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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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).

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.

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.
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.

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.
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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