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Abstract: Smart city development generally focuses on technology utilisation and
improving governance, while research integrating smart city indicators, environmental
standards, and spatial disparities to support sustainable urban development is limited.
The purpose of this study is to integrate these three elements to determine development
priorities for Padang City. This study uses a mixed-methods approach that combines
smart city analysis, spatial disparity, and environmental quality across 11 districts of
Padang city. The results show that Padang Barat (2,80) and Padang Timur (2,95) are
included in the low-priority category; Padang Utara (3,25), Nanggalo (3,30), Lubuk
Begalung (3,50), Padang Selatan (3,60), and Koto Tangah (3,85) are included in the
medium priority category. Meanwhile, Lubuk Kilangan (4,00), Kuranji (4,10), Pauh
(4,20), and Bungus Teluk Kabung (4,35) are included in the high-priority category
because their implementation remains ineffective. Compared to other regions, this
priority area faces a more complex landscape and greater environmental challenges.
Research shows that by combining smart city indicators, environmental quality, and
spatial disparities, the development direction can be more closely aligned with regional
characteristics. This will help make Padang city’s development more inclusive, resilient
and sustainable.
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Introduction

One approach based on information and
communication technology (ICT) is the smart city
concept. This concept emerged from the worldwide rise
in urbanisation and the growing complexity of urban
problems (Jiang et al., 2022). The smart city concept is
seen as capable of improving the efficiency of city
governance, the quality of public services, and the
overall well-being of society (Jiang et al.,, 2022). The
concept of a “smart city” is essentially an effort to
integrate existing urban infrastructure with advances in
digital technology, enabling cities to operate more
responsively, adaptively, and sustainably (Batty et al.,
2012). Over time, this concept has evolved into a more
strategic approach to supporting environmental
sustainability and strengthening accessibility among the
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wider community. It is no longer simply the application
of technology to services (Bibri, 2021).

Recent environmental studies have shown that
sustainable environmental management is closely
linked to smart city development. Sustainable
management primarily focuses on improving urban
environmental quality, resource efficiency, waste
management, energy optimisation, and climate change
adaptation. Furthermore, the concept of a smart
environment has become a crucial component of smart
city development, emphasising the use of technology,
ecological sustainability, and spatial management to
support a sustainable urban ecosystem (Attaran &
Kheibari, 2022). The smart city concept is considered to
improve environmental monitoring, ecological risk
mitigation, and sustainable urban planning with a data-
driven approach (Bibri, 2019).
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This approach has previously been implemented in
various digital-based development policies and
strategies in many countries, including Indonesia
(Sulistyaningsih et al., 2023). However, implementation
often fails due to various constraints, such as
governance, institutional capacity, and the availability of
digital infrastructure (Tan & Taeihagh, 2020).
Conversely, rapid technological advances can lead to
widening social and geographic disparities, particularly
in access to technology-based public services (Caragliu
& Del Bo, 2023). From an environmental perspective, this
mismatch in technological progress can lead to declines
in environmental quality, public infrastructure access,
ecological resilience, and spatial sustainability in urban
areas (Fan et al., 2022).

Various studies have used a multidimensional
framework to understand this complexity. This
framework divides urban development into six main
dimensions: smart economy, smart mobility, smart
governance, smart society, smart living, and smart
environment (Attaran & Kheibari, 2022). This structure
can facilitate systematic analysis, enabling policy
performance assessment and identifying elements that
can influence the successful implementation of smart
cities (Jasso et al., 2006). Smart environments play a
strategic role in supporting sustainable urban
development by enabling efficient resource use,
protecting the environment, managing space, and
implementing an environmental monitoring system
(Kim et al., 2025). However, most research focuses on
comparisons between cities, thus ignoring differences
within cities and local environmental conditions (Kim et
al., 2025).

Furthermore, numerous studies emphasise the
need for a more comprehensive analysis of smart cities,
focusing on regional characteristics, spatial disparities,
environmental sustainability, and policy effectiveness
(Trindade et al., 2017). This is crucial because smart city
implementation often has disparate impacts across
regions, influenced by socioeconomic conditions,
infrastructure capacity, level of digitalisation, and local
ecological vulnerabilities (Caragliu & Del Bo, 2023). If
not balanced with data-driven planning and an
appropriate regional approach, these mismatches can
widen spatial disparities.

Previous studies have also found that the
transformation towards smart cities has the potential to
create an unequal distribution of benefits, both in
environmental quality and in access to technology-based
public services (Martinez et al., 2026). This situation
suggests that spatial equality does not always correlate
with urban modernisation. (Malaker & Meng, 2024).
Therefore, the development of regional typologies and
spatial analysis is an important tool for prioritising
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interventions that align with the local needs and
potential of each region (Malaker & Meng, 2024).

In a local context, such as Padang, Indonesia, efforts
toward smart city transformation continue to be driven
by various policies and initiatives regarding the
development of smart city-based urban structures
(Putera & Putri, 2025). However, due to urbanisation,
Padang City faces various environmental issues,
including  uneven infrastructure  development,
environmental vulnerability, spatial disparities, and
differences in access to public services across sub-
districts (Haoxing & System, n.d.). To understand the
effectiveness of smart cities in sustainable urban
development, a more in-depth empirical evaluation is
needed (Gil-Garcia et al., 2023). Furthermore, there has
been no comprehensive research on the geographic
differences and contextual factors that influence the
success of smart city implementation across regions.
However, it has long been recognised that social,
economic, and environmental conditions influence
sustainable urban development outcomes (Gil-Garcia et
al., 2023).

In the process of developing smart cities,
approaches such as spatial analysis, composite indices,
and regional typologies help us view cities more
holistically and realistically, not just as data, but as living
spaces with varying conditions across regions. From
coastal areas to lowlands and hills, each sub-district in
Padang has distinct physical characteristics and
environmental challenges. (Addea Islami et al., 2024).
These differences suggest that development policies
cannot be generalized; instead, they must be designed
more adaptively, taking into account real-world
conditions to ensure that smart city development is more
targeted, equitable, and sustainable across the region.

Method

This research uses a mixed-methods approach,
combining quantitative and qualitative methods within
a single study, to gain a more comprehensive
understanding (Josephine Oranga, 2025). The main
characteristic of mixed methods is the integration of
quantitative and qualitative data across the collection,
analysis, and interpretation stages. By integrating data,
research can produce a more in-depth understanding
and greater validity, resulting in more robust research
outcomes (Ostlund et al., 2011).

Location and Duration of Research

Conducted across all sub-districts of Padang City,
this study reflects the overall local conditions. The study
was conducted from December 8, 2025, to April 6, 2026.
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Table 1. Research Variables
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Population and Sample Size

In this study, the unit of analysis covers all sub-
districts in Padang city. All sub-districts were used as
objects of analysis without using a regional census
method. Furthermore, informants were selected through
purposive sampling, meaning they had the knowledge
and understanding necessary for smart city
implementation. (Tajik et al., 2024). Regional Apparatus
Organisations (ODP), specifically the Environmental
Agency, provided this information.

Research Variables

The objectives of this research include assessing
implementation  effectiveness, analysing spatial
disparities, and determining policy priorities for
targeted smart city development. Based on these
objectives, the research variables were formulated.

Problem Formulation

Research Variables

Key Indicators Measuring Scale

Effectiveness of smart city
implementation

Integration Effectiveness,
Regional  Characteristics,
And Regional Typology

Spatial disparity
Regional typology

Priority development directions

Institutional Policy (KK)

Program and Activities (PK)
Infrastructure (IP)

Human Resource and Governance
Utilizitation (PM)

Smart city effectiveness

Regional Characteristics

Coordination and Regulation
Program Implementation
Digital Networks and System
Competence and Management
Benefits for Society

Index result from the first
problem formulation
Socio-economics, demographics,
and infrastructure

Variation between regions
Integration of effectiveness,
characteristics, and levels of
spatial disparity of regions
Level of need for smart city
policy intervention

Likert scale (1-5)
Likert scale (1-5)
Likert scale (1-5)
Likert scale (1-5)
Likert scale (1-5)
Likert scale (1-5)

Index (0-100)
Index (0-100)
Score (1-5)

Priority classification

Data Collection Methods

In this study, the unit of analysis covers all sub-
districts in Padang city. All sub-districts were used as
objects of analysis without using a regional census
method. Furthermore, informants were selected through
purposive sampling, meaning they had the knowledge
and understanding necessary for smart city
implementation. (Tajik et al., 2024). Regional Apparatus
Organisations (ODP), specifically the Environmental
Agency, provided this information.

Data Analysis Methods

The results of interviews and questionnaires
distributed to stakeholders involved in smart city
implementation in Padang City (Hamamurad et al.,
2022) helped establish priorities for the Smart City
development. The data were then processed in Microsoft
Excel to generate average values for each indicator and
analysed descriptively (Divisi et al., 2017) in quantitative
research. This approach is widely used because it can

simplify data into a more understandable form using
measures of central tendency such as the mean. This can
facilitate interpretation and decision-making in research
(Sudaryono, 2019).

This participatory approach is considered essential
to support a more inclusive, targeted, and sustainable
urban planning process. This method enables further
identification of the needs, potential, and challenges in
developing a smart city process, thereby ensuring that
development directions are better aligned with local
needs and conditions (Mahdad et al., 2024).

Then, in determining development priorities that
can support sustainable development, the results of the
smart city indicator analysis are combined with the
condition of the urban environmental quality (Fauzan &
Syaodih, 2022). Subdistricts with relatively low capacity
to implement smart city initiatives and that are still
facing many environmental problems should receive
greater attention in development planning (Bibri et al.,
2023). This method is based on the understanding that
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smart cities are not only about the use of digital
technology; they also help improve environmental
quality, optimise resource use, and ensure equitable
development across regions. (Shao & Min, 2025). As a
result, the priorities established are expected to help
transform Padang into a smarter, more competitive, and
environmentally sustainable city. The following are the
score results, which will then be classified as follows:

Table 2. Priority Direction for Smart City Policy

Development

Interval Category
<2,50 Low priority
2,51 -3,25 Medium priority
> 3,25 High priority

The average score for each research indicator is
used to determine development priority categories.
These scores are then categorised into low, medium, and
high priority using a class interval approach (Febrian et
al., n.d.). This is done to facilitate the interpretation of
the results and the formulation of development policy
directions. Minimum intervals, such as 2,50 and 3,25, are
set based on score distribution and analysis needs
(Sundoro et al., 2022). This is intended to provide a
clearer picture of the importance of each region in smart
city development.

Result and Discussion

Smart City Development Strategy to Improve Urban
Environmental Sustainability

In this study, priority directions for smart city
development are formulated by considering the level of
smart city implementation and development disparities
between sub-districts (Rahman & Szab6, 2022) in
Padang city. The goal of this approach is to identify areas
requiring greater attention to ensure equitable and
sustainable development (Trindade et al., 2017).

Padang city still faces various urban environmental
challenges, such as flood risk (Rusnani et al., 2021), poor
waste management (Nabila et al., 2024), and limited
green space (Akbar et al., 2023). These conditions
demonstrate that urban development requires an
approach that integrates technological advancements
with environmental sustainability (Gil-Garcia et al.,
2023). The smart city concept has been widely used to
improve governance and public services (Mora et al.,
2023). However, previous studies have tended to focus
on the administrative and technological aspects of urban
development, with little attention paid to its relationship
to environmental issues and spatial inequality
(Georgiadis et al., 2022).

This research demonstrates that few studies
integrate analysis of smart city implementation, regional
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disparities, and environmental issues into a single
framework (Valencia-Arias et al., 2021). Therefore, the
novelty of this research lies in the creation of a smart city
priority model that combines the level of
implementation, spatial disparities between sub-
districts, and wurban environmental challenges to
develop more inclusive, adaptive, and sustainable
development policies for Padang City. The following
table shows the classification results of smart city
development priorities in Padang city:

Table 3. Priority directions for smart city development

Subdistrict Characteristics ~ Final priority

score
2,30

Padang Barat High Low
effectiveness,
low disparity

High
effectiveness,
low moderate
disparity
Moderate
effectiveness,
moderate
disparity
Moderate
effectiveness,
high disparity
Moderate
effectiveness,
moderate
disparity
Moderate
effectiveness,
moderate-
high disparity

Low-medium
effectiveness,

high disparity

Low
effectiveness,
high disparity
Low
effectiveness,
high disparity
Low
effectiveness,
very high
disparity

Low
effectiveness,
high disparity

Padang Timur 2,95 Low

Padang Utara 3,25 Currently

Padang Selatan 3,60 Currently

Nanggalo 3,30 Currently

Lubuk Begalung 3,50 Currently

Koto Tangah 3,85 Currently

Kuranji 4,10 High

Lubuk Kilangan 4,00 High

Bungus Teluk 4,35

Kabung

High

Pauh 4,20 High

The table above shows that the level of intervention
needs varies across sub-districts based on the priority
direction of smart city development in Padang city. The
results indicate that several areas are given high priority,
including Kuranji, Pauh, Lubuk Kilangan, and Bungus
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Teluk Kabung. Medium-priority areas include North
Padang, South Padang, Nanggalo, Lubuk Begalung, and
Koto Tangah. Low-priority areas include West Padang,
East Padang, and Koto Tangah. The following provides
additional explanations in the form of a policy map of
the priority direction of smart city development.

SMART CITY
DEVELOPMENT PRIORITY
MAP OF PADANG CITY

N
\ SCALE 13 100.000
A S

.| Legend
5| o promy

B vt Pronty
B o Prorty

Figure 2. Map of priority directions for smart city
development

The analysis results show that, to create policies
more aligned with the needs of each sub-district and
support sustainable development, the priority direction
for smart city development in Padang city must consider
both the level of implementation effectiveness and
disparities between regions (Wang et al., 2024). This
method aligns with the concept of a sustainable smart
city, which views technology as a tool to improve public
services and sustain the urban environment (Trindade et
al., 2017).

Compared to other regions, Padang Barat and
Padang Timur districts have demonstrated relatively
high levels of success in smart city implementation, with
low regional disparities. This indicates that various
supporting components of smart cities, such as digital
infrastructure, governance, and technology-based
public services (Pereira et al., 2017), have developed
quite well compared to other regions. Therefore, these
two districts are included in the low-priority group.

Therefore, a more appropriate development
direction for these two sub-districts is to concentrate on
improving the existing system, increasing data
integration between agencies, and enhancing public
service innovation to make city management more
efficient and effective (Sania & Sri Nugroho, 2025). To
support city sustainability, a real-time environmental
quality monitoring system, a technology-based waste
management system, and increased energy efficiency
can help achieve these goals (Bibri & Krogstie, 2020).

The medium priority group, consisting of te district
of Padang Utara, Padang Selatan, Nanggalo, Lubuk
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Begalung, and Koto Tangah, requires greater attention
to reduce regional disparities in smart city
implementation. This goal can be achieved through
increased access to technology, improved public
services, and strengthened local institutional capacity
(Aditya et al., 2023).

This step is crucial because the region exhibits
varying levels of implementation effectiveness, which
can impact the overall success of urban development
(Jaiswal, 2024). From an environmental perspective,
Padang city is a coastal area with high vulnerability to
flooding, landslides, and various hydrometeorological
disasters, and is in dire need of improved environmental
information systems (Zambrano Néjera et al., 2024). This
technology can be used to manage urban drainage and
develop early warning systems for disasters (Baccoetal.,
2017).

The districts of Kuranji, Lubuk Kilangan, Bungus
Teluk Kabung, and Pauh should be prioritized because
research shows relatively low implementation
effectiveness and significant regional disparities. This
situation highlights unequal access to digital
infrastructure, technology-dependent public services,
and communities' ability to use technology. Therefore,
these regions urgently need stronger interventions
through digital infrastructure development, increased
regional connectivity, enhanced digital literacy, and
expansion of more inclusive e-Governance services
(Kruhlov & Dvorak, 2025). These interventions are
expected to reduce spatial disparities, which have been
a major obstacle to the implementation of smart cities in
developing regions (Caragliu & Del Bo, 2023).

From an environmental perspective, high-priority
areas are crucial for biodiversity in Padang city. Most of
these areas encompass buffer zones, such as ecological
zones, watersheds, hilly areas, and coastal areas, which
are vulnerable to development pressures and natural
disaster risks (Driptufany et al., 2021). For example, the
Bungus Teluk Kabung regency requires technology to
maintain coastal environmental conditions and facilitate
data-driven disaster mitigation (Ramadhan, 2021), while
Pauh and Lubuk Kilangan regencies serve as
conservation areas and water catchment areas (Dahlan
& Omo Rusdiana, 2014), requiring the implementation
of smarter environmental management systems (Nahib
et al.,, 2025). Therefore, smart city development in these
areas aims not only to improve the quality of public
services but also to enhance environmental adaptability,
maintain the region’s ecological functions, and increase
resilience to natural disasters and climate change (Lopez
& Castro, 2021).

Overall, the findings of this study indicate that
smart city development in Padang city must be carried
out with an integrated approach that combines
environmental sustainability, spatial disparities, and
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implementation effectiveness (Gil-Garcia et al., 2023).
This method allows the local government to create
policies tailored to each sub-district's characteristics,
resulting in a more efficient allocation of development
resources. This mart city development strategy not only
focuses on technology but also helps build Padang city
into a more inclusive, resilient, and sustainable city
(Sugandha et al., 2022).

Conclusion

In this study, smart city development in Padang
city has not been evenly distributed across the region.
Due to differences in implementation effectiveness and
between sub-districts, development priorities vary.
Padang Barat and Padang Timur were given low
priority; Padang Utara, Padang Selatan, Nanggalo,
Lubuk Begalung, and Koto Tangah were given medium
priority; and Kuranji, Lubuk Kilangan, Bungus Teluk
Kabung, and Pauh must be prioritized. These results
demonstrate that developing Padang into a smart city

requires an approach tailored to each region's
characteristics and needs. According to environmental
science, this research suggests that smart city

development must be combined with environmental
management and disaster risk reduction efforts,
particularly in areas that serve as important ecological
buffers for living organisms and areas with high levels
of environmental vulnerability. Therefore, the most
strategic step to building a better Padang city is to
integrate smart city development to reduce spatial
disparities and ensure environmental sustainability
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