Vaasan yliopisto Op_en
UNIVERSITY OF VAASA SCIence

This is a self-archived — parallel published version of this article in the
publication archive of the University of Vaasa. It might differ from the original.

The Integration of Decarbonization and Resilience
Strategies in Shaping Sustainable Cities

Author(s): Mohammadpourlima, Naghmeh; Lii, Xiaoshu; Nygard, Mikael; Girgibo,
Nebiyu

Title: The Integration of Decarbonization and Resilience Strategies in
Shaping Sustainable Cities

Year: 2024
Version: Accepted manuscript

Copyright (©2024 Springer. This is a post-peer-review, pre-copyedit version of an
article published Computational Science and Its Applications — ICCSA
2024 Workshops. The final authenticated version is available online at:
https://doi.org/10.1007/978-3-031-65285-1

Please cite the original version:

Mohammadpourlima, N., Lii, X., Nygard, M. & Girgibo, N. (2024). The
Integration of Decarbonization and Resilience Strategies in Shaping
Sustainable Cities. In O. Gervasi, B. Murgante, C. Garau, D. Taniar, A.
M. A. C. Rocha & M. N. Faginas Lago (Eds), Computational Science
and Its Applications — ICCSA 2024 Workshops (pp. 291-305). Lecture
notes in computer science: 14820. Springer.
https://doi.org/10.1007/978-3-031-65285-1_19



The Integration of Decarbonization and Resilience

Strategies in Shaping Sustainable Cities

Naghmeh Mohammadpourlimal [0000-0002-5541-4433]’ Xiaoshu Lﬁ2[0000-0001-5426-4413]’
Mikael Nygérd3[0000—0002—3928—4l 14], Neblyu Girgib04[0000—0003—0439—3772]

1,24 Department of Energy Technology, School of Technology and Innovations,
University of Vaasa, P.O.Box 700, FIN-65101 Vaasa, Finland
1.3 Department of Social Policy, Faculty of Education and Welfare Studies,
Abo Akademi University, 65100 Vaasa, Finland
naghmeh.mohammadpourlima@abo.fi
naghmeh .mohammadpourlima@uwasa.fi

Abstract. In the face of escalating climate challenges, cities are taking the lead
in adopting sustainable practices to mitigate carbon emissions and enhance their
resilience to environmental issues. The transition towards decarbonization not
only addresses the urgent need to mitigate climate change but also contributes to
building resilient cities capable of adapting to a wide range of challenges. On the
other hand, resilience ensures that decarbonization efforts endure and thrive, fos-
tering long-term effectiveness and societal backing. This mutually reinforcing
relationship between the two concepts highlights the importance of combining
them for a holistic and integrated approach to building sustainable and climate-
resilient urban environments. This article examines the relationship between de-
carbonization and resilience strategies, providing a comprehensive framework to
illustrate their interaction to achieve sustainable and resilient cities. The method-
ology of the research contains three phases. The initial stage consists of carrying
out a literature review to understand the concepts. Subsequently, the findings are
integrated to develop a unified conceptual framework. The final phase illustrates
how the collaboration between decarbonization, and resilience contributes to
achieving sustainable cities. The article highlights the need for interconnected
strategies to fortify cities against climate challenges while concurrently reducing
their carbon emissions.

Keywords: Resilience, Decarbonization, Sustainable Cities.

1 Introduction

Climate change is a change caused by human activities in addition to the natural varia-
bility of climate [1]. Urbanization and urban areas belong to a set of worldwide, multi-
scale phenomena that are profoundly altering the relationship between society and the
environment and affecting both urban and earth system sustainability and resilience in
complex ways and at alarming rates [2]. This situation necessitates a revaluation of how


mailto:naghmeh.mohammadpourlima@uwasa.fi

2 N. Mohammadpourlima, X. Lii, M. Nygard, N. Girgibo

urban areas contribute to and are impacted by climate change, laying the groundwork
for the subsequent discussion on the role of cities in global greenhouse gas (GHG)
emissions.

Nowadays, the significant contribution of urban areas to global greenhouse gas emis-
sions is highlighted [3]. Therefore, cities must respond more quickly and more effec-
tively to anticipate and minimize the associated consequences and dangers [4]. For this
reason, the United Nations Sustainable Development Goals (UN-SDGs) took the en-
hancement of urban resilience as one of the global sustainable development goals in
2015 [5]. By embracing the concept of urban resilience, cities can enhance their capac-
ity to withstand and recover from shocks and stresses, improve the well-being of their
residents, and create sustainable, inclusive, and liveable urban environments for future
generations [6]. To explore the possibility of developing a unified framework for sus-
tainability and resilience, it's essential to investigate the relationship between these two
concepts [7]. This exploration into sustainability and resilience serves as a bridge to the
global response to climate challenges, particularly the initiatives led by cities under the
Paris Agreement.

The Paris Agreement on climate change has called for urgent, radical, and transform-
ative actions in mitigation and adaptation, particularly in terms of reducing greenhouse
gas emissions [8]. Cities have taken the lead in sustainability and climate crisis and are
more networked than ever [9]. These cities seem to approach carbon neutrality from a
broader perspective, integrating the concept under the umbrella of sustainability and
resource wisdom [10]. With current demographics, urbanization, and changing climate
concerns, incorporating sustainability and resilience concepts into urban planning be-
comes critical for decision-makers globally [11]. The proactive stance of cities in ad-
dressing climate change through sustainability and resilience underscores the necessity
of understanding these concepts deeply, which leads to focused research on resilient
cities.

Studies on resilient cities are aimed at establishing both practical and theoretical un-
derstandings of resilience, especially in terms of addressing challenges like urbaniza-
tion and environmental catastrophes [12]. This effort gains added significance consid-
ering the growing occurrence of natural hazards, which are intensified by the effects of
climate change [7], highlighting the crucial need to comprehend the interplay between
sustainability and resilience.

Consequently, this paper explores the synergies between these two critical strategies,
aiming to understand the collaborative impact of decarbonization and resilience on fos-
tering sustainable urban environments. This study seeks to demonstrate how integrating
resilience and decarbonization strategies can guide cities toward sustainability, bolster
global climate efforts, and enhance urban resilience, ultimately leading to the develop-
ment of truly sustainable cities. To achieve this aim, the main research question we seek
to answer is: How can the integration of decarbonization and resilience strategies con-
tribute to achieving sustainable cities?

This research employs various meticulous stages to integrate resiliency and decar-
bonization, aiming to achieve sustainable cities. This approach gathers insights into the
individual characteristics of resiliency and decarbonization, identifying how these ele-
ments can be effectively integrated to enhance urban sustainability. Ultimately, to
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answer the research question, this study builds a conceptual framework that helps cities
to achieve sustainability goals.

2 Methodology

In this research, an extensive review of scientific publications on resilience and decar-
bonization was conducted, with sources including Scopus, Web of Science, Wiley, and
Google Scholar. The selected papers were also examined to uncover more studies. Be-
ginning with an analysis of these concepts, this paper is structured into three key stages
as outlined in Figure 1, with each stage building upon the previous one to address the
research question. The key stages are as follows:

First Stage: Review of the Definitions of Resiliency and Decarbonization Concepts.
This initial stage involves reviewing existing scholarly work to recognize these key
concepts. This examination helps set the stage for analyzing the key terms and princi-
ples that will be explored throughout the research.

Second Stage: Exploration of the Interplay Between Resiliency and Decarboniza-
tion. Moving beyond the first stage, this phase focuses on recognizing how these con-
cepts interact and contribute to each other's understanding. It involves analyzing how
resilient strategies can contribute to decarbonization efforts and, conversely, how de-
carbonization can enhance urban resilience. The aim is to identify synergies that can
inform more effective and integrated approaches to sustainable cities.

Final Stage: Synthesis and Framework Development. Building on the insights gained
from exploring the interplay between resiliency and decarbonization, this concluding
phase focuses on synthesizing these insights into a conceptual framework. This frame-
work illustrates the synergy between decarbonization and resilience for fostering sus-
tainable cities. Generally, this stage involves integrating the findings from the previous
phases to formulate a sustainable city that can adapt to simultaneously advance its re-
silience and decarbonization goals.

Stage 1
Review of the definitions of Resiliency and Decarbonization Concepts

Stage 2
Exploration of the Interplay Between Resiliency and Decarbonization

Synthesis and Framework Development

Fig. 1. Main phases of the methodology
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3 Definition of Concepts

3.1 Resiliency and Resilience Cities

Notwithstanding growing popularity, the term “resilience” continues to be enshrouded
in ambiguity and confusion, stemming from the diverse interpretations and approaches
found in academic speech [12]. Resiliency, according to Merriam-Webster, involves
the capacity of an entity to regain its original form after compression or deformation
and, additionally, signifies the capability to readily recover from or adapt to adversity
or change [13]. This term has a long history [2], and each discipline explains and de-
scribes the concept of resilience with a different meaning, according to their needs and
priorities [14]. Originating from Holling's 1973 research on the ecology and the behav-
ior of ecological systems, resilience was first introduced to the academic literature as
“a measure of the persistence of systems and their ability to absorb change and disturb-
ance and still maintain the same relationships between populations or state variables”
[7].

Rapid urbanization, urban regeneration, immigration, and economic cycles are only
a few of the diverse factors that urban areas face [11]. The city, as the most intricate
social ecosystem, has been exposed to [5] urban disasters from around the globe [15].
Therefore, cities all around the world need a strategy to tackle these disasters, which is
Resilient cities, that give them the ability to absorb, recover, and prepare for future
shocks (economic, environmental, social & institutional) [16]. Urban resilience is one
of the newly emerging yet heated urban studies buzzwords [17], and its definitions are
created from different perspectives [4]. Urban resilience is a central concept in enabling
cities to be prepared for disasters and unexpected events [1]. Resilience signifies a city's
prowess in enduring and rebounding [12] and adapting in the face of change [18]. Urban
resilience is the measurable ability of any urban system, with its inhabitants, to maintain
continuity through all shocks and stresses, while positively adapting and transforming
toward sustainability [14].

In the context of sustainable cities, resilience and resiliency encompass the ability of
urban systems, including communities, institutions, and infrastructures, to withstand,
adapt, and positively evolve in response to environmental, social, and economic chal-
lenges. These concepts emphasize the importance of designing and managing cities in
ways that enhance their capacity to address shocks and stresses while promoting sus-
tainable urban development. The criteria of resilient cities typically encompass a set of
principles and characteristics that enable urban areas to withstand, adapt to, and recover
from a variety of shocks and stresses. Some criteria in Fig. 2 can be broadly categorized
as follows:

- Robust and green Infrastructure: Infrastructure provides critical services to
communities, supporting economic functions, and serving as the first line of
defense against shocks and disasters [19]. Promote green infrastructure, in-
cluding parks, green spaces, and urban forests, which provide multiple bene-
fits, such as flood mitigation, heat reduction, and improved air quality [6].
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- Effective Governance: Good governance at the regional and national levels
should combine features such as robustness, redundancy, recovery, conserva-
tion, sustainability, and risk mitigation to deliver enhanced resilience [20].

- Urban Form: The urban form consists of three main elements: buildings, their
open space, and the streets [21].

- Spatial Planning and Integrated Development: Resilience is associated with
spatial planning as the latter gives geographical expression to the economic,
social, and environmental policies of local societies [22].

- Diverse and Vibrant Economy: Cities with a diverse economic base are more
resilient to economic downturns as they are not overly reliant on a single in-
dustry or sector [6].

- Social Equity and Community Capacity: Resilience strategies must consider
for whom resilience is being built, while simultaneously promoting the equi-
table distribution of social and material goods, ensuring meaningful participa-
tion and engagement in decision-making processes, and acknowledging so-
cial, cultural, and political differences [23].

- Communication and Information: Building communication in a society to
spread information and increase the knowledge of citizens, there are some fac-
tors such as social networks, informal networks, and presence in social groups

[24].
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Fig. 2. Measures for attaining Resiliency

3.2 Decarbonization and Carbon-neutral Cities

Decarbonization is the process of shifting away from carbon-based energy systems [25]
which means eliminating fossil fuel use and reducing GHG emissions to zero [26]. De-
carbonization involves strategies reducing the levels of carbon emissions caused by
facilities, processes, or organizations, removing carbon from various sources, and
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overall reducing the production of carbon emissions to mitigate climate change impacts
[27].

The pursuit of CO2 emission has emerged as an urgent global agenda for addressing
climate change [8]. International climate policy discussions underwent a transformative
shift after COP 15, evolving from short-term, incremental actions with differentiated
responsibilities to an agreement at COP 21 [28]. In the Paris Agreement, adopted during
the 21st Conference of the Parties, all nations agreed on keeping the temperature rise
below 2 degrees and preferably below 1.5 degrees Celsius above pre-industrial levels
[29].

Urban areas consume approximately 60-80% of final energy use worldwide and gen-
erate over 70% of global GHG emissions [9]. Therefore, carbon-neutral cities are in-
creasingly recognized as a critical step toward mitigating climate change [3]. According
to the C40 Cities, a carbon-neutral city achieves net-zero GHG emissions across all
sectors, including fuel use in buildings, transport, industry, grid-supplied energy, and
waste treatment within city boundaries, as well as any additional sectoral emissions
included in their GHG accounting boundary [30]. The definition of carbon-neutral cit-
ies involves a combination of emission reduction goals, ranging from 60 to 80 percent
reductions, and offsetting or sequestering the remaining 20 to 40 percent reduction
through local or global sustainable development initiatives [10]. In summary, the defi-
nition of carbon-neutral cities involves setting specific emission reduction goals, off-
setting, or sequestering the remaining emissions, and integrating sustainability and re-
source wisdom targets in decision-making. This concept is crucial for cities aiming to
achieve climate neutrality and align with international climate goals.

The process of decarbonizing cities involves a series of strategies and approaches
aimed at significantly reducing or eliminating carbon emissions within urban environ-
ments. Together, these strategies create a comprehensive approach to decarbonizing
cities, aiming to reduce GHG emissions, improve air quality, and contribute to the
global effort to combat climate change. Some strategies for decarbonizing cities can be
broadly categorized as shown in Fig. 3:

- Renewable energy adoption: At a global level, renewable energy technologies
are the key to reducing emissions from electricity supply [31]. Increasing the
use of renewable energy sources such as solar, wind, and hydropower within
city limits can help decarbonize the energy supply.

- Green Infrastructure and Sustainable Transportation Systems: Distribution of
enough infrastructure [32], and implementation of transportation decarboniza-
tion initiatives could promote the adoption of zero carbon mobility patterns as
a means of mitigating climate change [33]. Incorporating green infrastructure
such as parks, and green roofs, shifting towards sustainable modes of trans-
portation, promoting cycling, and walking, and developing infrastructure for
electric vehicles.

- Comprehensive Planning and Integrated Development: Integration of energy
planning into urban planning and development processes [30], with an empha-
sis on comprehensive low-carbon urban planning for transport, energy effi-
ciency, and renewable energy, covering housing, transport, public utilities, and
commercial development [34]. Cities need to develop comprehensive plans
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that address all sectors contributing to greenhouse gas emissions, including
energy, transportation, buildings, waste management, and land use.

Energy Efficiency: Energy efficiency plays a key role in reducing energy con-
sumption across end-use sectors [31]. Implementing measures to improve en-
ergy efficiency across residential, commercial, and industrial buildings, in-
cluding retrofitting older structures and enforcing green building standards for
new constructions.

Community and Stakeholder Engagement: Collaboration between different
stakeholders, including government, businesses, and citizens [10] to share re-
sponsibility for achieving carbon neutrality [30]. Engaging communities, busi-
nesses, and other stakeholders in the decarbonization process through educa-
tion, incentives, and participatory planning to ensure the widespread adoption
of low-carbon practices.

Financial and Economic Tools: In Europe, the development and deployment
of key financial instruments (ESIF), and others are pivotal in driving the tran-
sition towards a low-carbon economy [35]. Employing financial and economic
mechanisms to support decarbonization efforts, such as green bonds, environ-
mental taxes, and public-private partnerships.

Behavioral change: Cultivating a sense of ownership and responsibility within
communities can enhance participation and drive towards adopting sustaina-
ble practices and backing efforts to cut down on carbon emissions [3]. Three
main types of behavioral change included reducing excessive or wasteful en-
ergy use, transport mode switching, and Materials efficiency gains [31].
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33 Sustainable Cities

The subject of sustainable cities is endlessly fascinating [36]. Sustainable Cities and
Communities, which are within the Sustainable Development Goals of the United Na-
tions as Goal 11, aim to ensure inclusive, safe, resilient, sustainable urban and human
settlements [37]. There are now global and local commitments to make urban areas into
‘sustainable cities’ through various processes of ‘sustainable urban development’ [36].
Specifically, cities around the world should develop and urbanize more sustainably [38]
and focus on providing essential services, clean energy, and affordable housing to all
residents.

To achieve sustainable cities, key actions include removing slum-like situations,
providing inexpensive transit solutions, decreasing urban sprawl, enhancing urban gov-
ernance involvement, addressing urban resilience, tackling climate change issues, en-
suring access to all to secure public places, and enhancing urban management through
improved urban rules and regulations [37].

4 Synthesizing Concepts

Based on the definitions of concepts and measures for achieving resilient cities and
decarbonization retrieved from reviewing scholarly works, this section focuses on com-
bining findings. This integration demonstrates the impact of synthesizing these strate-
gies for achieving sustainable cities which will be further developed in the next section.

4.1 Synthesizing Decarbonization and Resiliency

As climate change intensifies vulnerabilities in urban areas [12], challenging the capa-
bilities of cities to sustain the burgeoning human population and protect the built envi-
ronment [11], a dual approach emerges as essential. The best way to address city com-
plexity in the face of serious climate change is to improve the city’s resilience [34]. The
essence of urban resilience lies in its focus on equipping cities to withstand and adapt
to a variety of environmental, social, and economic shocks, particularly those exacer-
bated by climate change [23]. The United Nations Development Program (UNDP)
highlights the importance of cities in the climate-resilient future, acknowledging that
while cities are major contributors to carbon emissions, they are also at the forefront of
innovation and action in reducing emissions and adapting to climate change.
Analyzing the literature reveals that resilience was originally synonymous with en-
durance against climate change [1]. Merging decarbonization and resilience offers a
dynamic approach to addressing climate change challenges. Decarbonization shifts en-
ergy systems away from carbon-intensive sources, emphasizing renewable energy, ef-
ficient use, and reduced emissions. Although varied in interpretation, resilience funda-
mentally supports the abilities of systems to adapt and recover from disruptions. The
synthesis of these strategies enhances adaptability to environmental shifts while ac-
tively reducing carbon footprints, creating a comprehensive response to climate change.
Concepts like low-carbon living urban resilience and successful climate change
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adaptation have different meanings for different people [39]. This notion extends be-
yond mere survival, aiming for cities to thrive and evolve in adversity.

The criteria for resilient cities and the strategies for decarbonizing cities share a fun-
damental alignment, pointing towards a holistic approach to urban development that
emphasizes sustainability, resilience, and carbon neutrality. The principles of resilient
cities, including robust and green infrastructure, effective governance, and comprehen-
sive spatial planning, dovetail seamlessly with decarbonization strategies such as the
adoption of renewable energy, green infrastructure development, and comprehensive
urban planning. For instance, the promotion of green infrastructure, such as parks and
urban forests, not only serves as a defense mechanism against urban shocks and stresses
but also contributes to the reduction of carbon emissions through enhanced air quality
and heat reduction.

Moreover, effective governance and community engagement are pivotal in enhanc-
ing urban resilience and achieving decarbonization goals. Engaging communities and
stakeholders in the decision-making process ensures the equitable distribution of re-
sources and the adoption of low-carbon practices, fostering a culture of sustainability.

Similarly, the focus on energy efficiency and sustainable transportation systems un-
der decarbonization strategies complements the resilience aim of creating diverse and
vibrant economies by reducing reliance on fossil fuels and promoting economic diver-
sification. Through this synergy, cities can achieve a resilient and sustainable urban
form prepared to face future challenges, ensuring a thriving, inclusive, and carbon-neu-
tral urban environment for current and future generations. This integrated approach ex-
emplifies the essence of sustainable urban development, where resilience and decar-
bonization are not seen as separate endeavors but as the interconnected facets of the
same goal: building sustainable, resilient cities capable of withstanding the challenges
of the 21st century and beyond.

The relationship between carbon-neutral cities and resilient cities is deeply inter-
twined, emphasizing the crucial role urban areas play in addressing climate change and
enhancing sustainability. Carbon-neutral cities aim to reduce greenhouse gas emissions
to zero through a combination of energy efficiency measures, renewable energy
sources, and offsetting emissions, thereby tackling the root causes of climate change.
Resilient cities, on the other hand, focus on preparing for, responding to, and recovering
from a range of climate-related and other shocks and stresses, ensuring that urban sys-
tems can continue to function and thrive in the face of challenges.

4.2  Toward Sustainable Cities - Synergy Between Decarbonization and
Resilience

This section delves into the indispensable role of harmonizing decarbonization and re-
silience strategies for achieving sustainable cities. The quest for sustainable cities rep-
resents a crucial intersection of environmental stewardship and urban development,
drawing from the principles of both decarbonization and resilience. The Sustainable
Development Goals (SDGs) of the United Nations, particularly Goal 11, underscore the
importance of creating inclusive, safe, resilient, and sustainable urban environments



10 N. Mohammadpourlima, X. Lii, M. Nygard, N. Girgibo

[37]. This goal is an aspiration and a necessary evolution towards sustainable urban and
human settlements, requiring concerted global and local efforts [36].

Considering increasing urbanization and sea level rise among the main urban chal-
lenges that many cities around the world face, four main aspects have been identified
that cities should prioritize in the upcoming years to accelerate sustainable and low-
carbon transitions and to build resilience [38]. Coping with the challenges of ever-shift-
ing the climate of the earth contextualizes the importance of resilience in sustainable
development [7]. By integrating decarbonization and resilience strategies, cities can
create synergies that enhance their sustainability, liveability, and ability to thrive in the
face of future challenges. This holistic approach to urban development is essential for
addressing the complex challenges of climate change, urbanization, and resource scar-
city.

The criteria for resilient cities, paired with decarbonization strategies, create a com-
prehensive framework that can directly contribute to achieving sustainable cities. This
holistic approach addresses a spectrum of urban challenges, from social equity to envi-
ronmental sustainability, offering key actions for transformative urban development.
The emphasis on robust and green infrastructure and the adoption of renewable energy
sources not only mitigates climate change impacts but also improves living conditions,
thereby contributing to the removal of slum-like situations. Green spaces and renewable
energy projects can be integrated into these areas, enhancing liveability, and providing
clean energy, which is a step towards inclusivity and sustainability.

Moreover, sustainable transportation systems and the focus on energy efficiency
align with providing inexpensive transit solutions. By promoting cycling, walking, and
the development of infrastructure for electric vehicles, cities can decrease reliance on
fossil fuels, reduce emissions, and offer affordable transit options. This strategy also
contributes to decreasing urban sprawl by encouraging more compact, efficient urban
forms and reducing the need for extensive travel.

Enhancing urban governance involvement is central to both resilience and decarbon-
ization efforts. Effective governance plays a crucial role in fostering the development
and implementation of comprehensive plans and policies. These strategies prioritize
three key areas: sustainability, resilience, and community engagement. This collabora-
tive approach ensures that resilience and decarbonization are not just technical or envi-
ronmental targets but are integrated into the broader goals of social equity and sustain-
able urban management.

Addressing urban resilience directly tackles climate change issues by preparing cit-
ies to withstand, adapt to, and recover from environmental shocks. The criteria for re-
silience, such as diverse and vibrant economies and community capacity, ensure that
cities are equipped to address both current and future climate challenges. This proactive
stance on resilience contributes to creating secure public places by making them more
adaptable to climate-related and other shocks, ensuring public spaces remain accessible
and safe for all.

Additionally, the synergy between resilient and decarbonized cities enhances urban
management through improved urban rules and regulations. By embedding resilience
and decarbonization into urban planning and governance frameworks, cities can adopt
innovative regulations that support sustainable development goals. These might include
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zoning laws that encourage green infrastructure, building codes that mandate energy
efficiency, and policies that support renewable energy adoption and sustainable trans-
portation.

Ultimately, the intertwined strategies of urban resilience and decarbonization pro-
vide a robust pathway toward sustainable cities. By focusing on these integrated ap-
proaches, cities can tackle a wide range of issues from environmental degradation to
social inequity, paving the way for urban environments that are inclusive, safe, resilient,
and sustainable. This holistic perspective is essential for addressing the complex chal-
lenges of the 21st century, ensuring that urban development is both sustainable and
equitable.

5 Conceptual Framework

The conceptual framework depicted in Figure 4 synthesizes and visually represents the
intricate interplay between resilience and decarbonization to achieve sustainable cities.
This framework elucidates the dynamic connections among various elements.

This conceptual framework is crafted by integrating factors and measurements out-
lined in earlier sections, placing the goal of sustainable cities at its heart. To realize
sustainable cities, the framework incorporates eight interconnected activities, each vital
for sustainability. Additionally, it introduces a ninth critical activity that enhances the
original eight by focusing on the adoption of renewable energy, improving energy ef-
ficiency through decarbonization strategies, and optimizing urban form based on resil-
ience principles, which significantly boost energy efficiency. This comprehensive ap-
proach underscores the importance of these interconnected activities in achieving sus-
tainable urban development.

Achieving sustainable cities involves two main activities: addressing climate change
through decarbonization and the creation of carbon-neutral cities and enhancing urban
resilience to ensure cities can withstand and recover from various challenges. Moreo-
ver, the endeavor to establish carbon-neutral cities and enhance resilience directly
drives actions that align to achieve sustainable cities.

Factors such as robust green infrastructure and sustainable transportation, derived
from both resilience and decarbonization concepts, play a crucial role in providing af-
fordable transit solutions and ensuring equitable access to secure public spaces. Social
equity and community capacity, rooted in resilience principles, are essential for facili-
tating access and improving urban management. These factors also intersect with other
aspects of decarbonization and resilience, including fostering a diverse and vibrant
economy from a resilience perspective and utilizing financial and economic tools from
decarbonization efforts, all of which contribute to enhanced urban management.

Other important categories include factors that focus on resilience, such as commu-
nication and information, as well as effective governance. Additionally, strategies
aimed at decarbonization, such as promoting behavioral change and engaging commu-
nities and stakeholders, play a significant role. These elements contribute to both urban
management and governance involvement, highlighting their interconnectedness and
impact on sustainable development. Moreover, spatial planning, comprehensive
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planning, and integrated development, common to both decarbonization and resilience,
play a significant role in addressing challenges like removing slum-like conditions and
reducing urban sprawl.

To make these concepts more visually accessible, we employ a color-coding system
in our depiction. Factors that contribute to decarbonization and the goal of carbon-neu-
tral cities are marked in green. In contrast, factors related to resilience and the creation
of resilient cities are shown in dark orange. For categories that incorporate the elements
of both resilience and decarbonization, an olive color is used. This color scheme em-
phasizes the interconnectedness of these factors and their collective importance in driv-
ing sustainable urban development. Using this color-coded framework, our goal is to
offer a clear and detailed insight into the synergy between decarbonization and resili-
ence strategies, demonstrating their combined role in promoting the development of

sustainable cities.
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Fig. 4. Conceptual Framework

Conclusion

Cities need to develop comprehensive climate action strategies that enhance their emer-
gency response capabilities, ensuring the safety and security of urban dwellers during
severe climate-related incidents. Integrating decarbonization and resilience is crucial,
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transcending theoretical models to address the practical challenges of increasing envi-
ronmental unpredictability. Implementing these strategies in tandem lays a robust foun-
dation for addressing the symptoms and root causes of climate change. Through fo-
cused decarbonization initiatives, cities can significantly reduce their carbon footprints,
thereby minimizing their ecological impact. At the same time, boosting urban resilience
equips cities to handle and recover more effectively from the negative impacts of cli-
mate-induced phenomena, securing a sustainable urban environment for future genera-
tions. This dual approach mitigates immediate climate risks and promotes long-term
urban sustainability, ensuring a viable future for its residents.

The ongoing urbanization and growth of urban spaces are significantly altering the
relationship between society and the environment, leading to concerning impacts on
urban sustainability and resilience. Well-planned and managed cities can provide an
optimal and efficient living space for their large populations, not only achieving sus-
tainability and liveability but also enhancing overall health and well-being. Achieving
sustainable cities requires a synergy between decarbonization and resilience strategies.
This approach addresses the urgent need to reduce carbon emissions and enhances ur-
ban systems' ability to withstand and adapt to climate-related and other challenges.

Ultimately, achieving sustainable and resilient cities is a collective endeavor that
requires the engagement of all stakeholders. It is through the shared vision and con-
certed efforts of the global community that the ambitious goal of creating urban envi-
ronments that are not only sustainable and resilient but also equitable and flourishing
can be achieved. This article serves as a call to action for cities worldwide to embrace
the integration of decarbonization and resilience strategies, paving the way for a sus-
tainable future.

Future studies could delve into the case studies of cities that have successfully im-
plemented these integrated strategies, providing valuable insights and best practices.
Moreover, there is a necessity for further quantitative studies to gauge the effects of
integrated decarbonization and resilience strategies for urban sustainability outcomes.
Developing metrics and indicators to assess the effectiveness of these strategies in re-
ducing carbon emissions, enhancing resilience, and improving the overall quality of life
for urban residents would significantly contribute to the field. This would also aid in
identifying gaps and challenges in current approaches, informing the development of
more targeted and effective strategies.
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