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Abstract. Resilient and inclusive city design has become essential for a 

sustainable future for urban areas in ecologically sensitive zones in the face of 

rapidly increasing urbanization and development. This paper explores the 

multifaceted dimensions of resilient and inclusive urban planning, focusing 

on its significance amidst urban expansion and socio-economic disparities 

affecting the corresponding ecologically sensitive areas. Drawing upon 

interdisciplinary literature and case studies, the paper examines the 

theoretical underpinnings and practical applications of resilience and 

inclusivity within urban planning frameworks. The ability of cities to endure 

and rebound from a variety of shocks and strains, such as natural disasters, 

the effects of climate change, and socioeconomic upheavals, is referred to as 

resilience. In contrast, inclusivity emphasizes the equitable distribution of 

resources, opportunities, and decision- making power among diverse urban 

populations, including marginalized groups and vulnerable communities. 

This study clarifies the relationship between resilience and inclusivity in the 

planning of urban areas by synthesizing theoretical discourse and actual 

evidence. It highlights the importance of integrating eco-sensitive approaches, 

adaptive strategies, and participatory mechanisms to foster resilience and 

inclusiveness in urban development processes. Furthermore, the paper 

underscores the role of governance structures, policy frameworks, and 

stakeholder engagement mechanisms in promoting resilient and inclusive 

urban environments. By critically examining the challenges, opportunities, 

and best practices associated with resilient and inclusive city planning, this 

paper contributes to advancing knowledge and informing policy discourse 

toward fostering sustainable and equitable urban development pathways. 

_____________________________________________________________ 

1. Introduction 

Urbanization is a widespread and irreversible global trend, whereby more than 

half of the world’s population now lives in urban areas. The rapid expansion of 

cities poses significant challenges to environmental sustainability, particularly in 
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regions with delicate ecosystems that are prone to degradation. Nonetheless, 

these challenges present opportunities for implementing sustainable urban 

development practices prioritizing resilience and inclusivity.  

Cities depend on complex, interdependent social, ecological, and technological 

systems to function. People in urban areas rely on complex networks of 

institutional frameworks and technological infrastructure to access basic services 

like food, water, power, and healthcare. However, this approach frequently 

ignores the interdependence between the provision of urban resources and the 

ecosystems that sustain them. Disruptions can be extensively propagated through 

the interconnectedness of these systems, leading to unforeseen crises. Shocks 

may spread through transportation networks, chains of supply, and across 

various industries, including healthcare and finance, impacting local and global 

scales through nonlinear feedback mechanisms (Levin, 1999). These 

occurrences, coupled with issues of systemic racism and environmental justice, 

underscore the necessity for coordinated action across various scales and sectors. 

Additionally, urban areas are integrated into trade networks all around the world, 

impacting on resilience and sustainability at both local and global levels through 

decision-making processes at various scales (Chini, 2018; Krueger, 2020). 

The urgency of these challenges is particularly pronounced in ecologically 

sensitive urban areas, which encompass diverse landscapes such as wetlands, 

forests, coastal regions, and biodiversity hotspots. While these areas hold 

substantial ecological value, they are also highly vulnerable to human-induced 

pressures. Achieving sustainable development in these contexts necessitates a 

balanced approach that preserves ecological integrity while meeting the needs of 

urban populations. This requires adhering to core principles of sustainable 

development, including maintaining environmental health, promoting social 

equity, ensuring economic viability, and safeguarding cultural heritage. 

Addressing these intertwined challenges and opportunities will be crucial in 

advancing resilient and inclusive urban development. 

This paper analyzes sustainable development strategies in urban areas 

characterized by ecological sensitivity, emphasizing the interconnected nature of 

resilience and inclusivity in urban planning. Here the concept of resilience refers 

to the capacity of these urban systems—including their inhabitants, 

infrastructure, and institutions—to absorb, adapt, and transform in response to 

various shocks and stresses, while maintaining their essential functions and 

structures. This concept is integral to achieving urban sustainability, as it 

emphasizes the ability of cities to endure and thrive amidst environmental, social, 

and economic challenges. Whereas inclusivity refers to the deliberate integration 
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of diverse populations—encompassing various socioeconomic, cultural, and 

demographic groups—into the planning, development, and governance 

processes of these urban environments.  

This approach ensures equitable access to resources, opportunities, and decision-

making, thereby fostering sustainable urban development that is socially just and 

environmentally conscious. Integrating inclusivity into resilience planning 

enhances the adaptive capacity of urban areas. When diverse community 

members are actively involved in decision-making, the resulting policies are more 

comprehensive and reflective of the population's needs, leading to more effective 

and sustainable resilience strategies. This participatory approach ensures that 

marginalized groups, who are often disproportionately affected by environmental 

challenges, have a voice in shaping interventions that directly impact their lives 

(Habitat UN, 2007). Moreover, inclusive urban planning promotes social 

cohesion and trust among community members, which are essential components 

of social resilience. Strong social networks facilitate collective action and resource 

sharing during times of crisis, enhancing the community's overall ability to 

withstand and recover from adverse events. In ecologically sensitive zones, where 

environmental risks may be heightened, fostering inclusivity ensures that all 

residents are prepared and can contribute to resilience-building efforts (Alsayed, 

2024; Zhang et.al., 2024).  

The research intends to fill critical gaps in urban sustainability literature by 

focusing on multi-scalar and multi-dimensional interactions between resilience 

and inclusivity. Additionally, it seeks to contribute to policy discourse and inform 

the development of inclusive and resilient urban governance systems. Thus, the 

following are the research questions: 

• How do resilience and inclusivity interact within different potential 

frameworks to foster sustainable urban development in ecologically 

sensitive areas? 

• What are the key governance mechanisms and participatory strategies that 

enhance resilience and inclusivity in urban planning? 

• How can regional frameworks be applied to address localized sustainability 

challenges while maintaining global ecological balance? 

• What role do top-down and bottom-up approaches play in achieving urban 

sustainability transitions, and how can they be effectively integrated? 

To answer and to fill the above-mentioned questions and gaps, the study adopts 

a mixed-methods approach comprising an extensive literature review and case 
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study analysis including different conceptual frameworks, empirical studies, 

government models, sectoral and interdisciplinary approaches. 

2. Potential frameworks 

2.1 A regional framework 

The conceptual framework of planetary boundaries, as introduced by Rockstrom 

(2009a), has exerted a considerable influence on the discourse surrounding global 

sustainability at the international level. This framework delineates nine 

interconnected biophysical, or ecological, thresholds at the planetary scale 

(Figure 1a), which humanity should observe to avert "disastrous consequences." 

The introduction of planetary boundaries has spurred discussions within 

scientific and policy circles. Refinements to freshwater use (De Vries, Kros, 

2013), nitrogen (Carpenter, 2011), and phosphorus (Rockstrom, 2009b) 

boundaries have been published recently, along with thoughts on a possible 

change in the global biosphere's status (Rockstrom & Karlberg, 2010). 

Additionally, there have been analyses of the governance implications (Biermann, 

2012; Running, 2012; Sorace, 1993), recommendations for a unique method of 

defining land-related boundaries using net primary plant production (Barnosky, 

2012) and critical assessments of the concept of the planetary boundaries. The 

expansion of the planetary boundary concept by Raworth (2012) and Nordhaus 

et al. (2012), incorporating social objectives into sustainability policy and practice, 

has resulted in the development of the 'Oxfam doughnut' framework, 

emphasizing the social justice prerequisites of sustainability (see Figure 1b). This 

framework facilitates the development of multi-metric 'compasses' to guide 

decision-making. The 'doughnut' framework uses the ideas of social foundation' 

and 'environmental ceiling' to symbolize respective social and ecological 

boundaries as it evaluates societal well-being levels and ecological process 

conditions within regional social-ecological systems at the regional scale. 

Planetary boundaries that are both socially and ecologically just can be used at 

several levels, including nation-states, national parks, watersheds, and 

subnational administrative divisions. The original paradigm for planetary 

boundaries acknowledges that crucial transitions can happen at any scale (Brook, 

2013; Raworth, 2012; Scheffer, 2001). It also acknowledges that the 

consequences of surpassing several thresholds at regional scales might add up to 

global issues (Rockstrom, 2009a). However, long before these consequences 

become apparent on a global scale, the cumulative effects of environmental 

deterioration (Folke, 2004) can have a significant impact on the sustainability of 
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localized systems. This underscores the necessity for addressing both regional 

and planetary dimensions to ensure global sustainability. Therefore, concepts 

refined through the consideration of regional scales can iteratively inform the 

Planetary Boundaries refinement or redefinition. Substantial equality and 

governance considerations support the justification for taking regional-scale 

borders into account. Within the framework of planetary boundaries, protecting 

human welfare informs the scientific evaluation of restricting the use and 

deterioration of natural resources to avert major shifts in Earth system processes. 

Human welfare is contingent upon people having access to the natural resources 

required to meet their basic physiological needs, which include food, water, 

shelter, and sanitary conditions. Thus, planetary and regional borders should be 

placed in opposition to social foundations (Peters, 2011). The concept of 

planetary boundaries faces new transdisciplinary, intellectual, and ethical 

concerns when regional boundaries are addressed. These challenges arise from 

the need to explicitly address human drivers of change and social distributional 

issues. To ensure that resources are available and used to meet everyone's needs, 

many countries and areas face formidable and urgent challenges, highlighting the 

necessity of sustainable use of regional assets for the benefit of all people. 

Research indicates that the accompanying degradation of ecosystem processes 

may not be sustainable, even though agricultural expansion in developing nations 

is frequently seen as promoting fast economic growth and the reduction of 

poverty (Folke, 2011; Tilman, 2002). Analytical tools that map ecological 

processes at these scales are more likely to be relevant and useful for policy 

formation and resource governance, since natural resource management mostly 

takes place at regional levels as part of national and regional development 

planning. 

It is imperative to challenge the constraints of dominant political-strategic 

timelines, which often give priority to short-term views and near-term actions. It 

would be in line with predictions of converging tendencies by mid-century if it 

were possible to recognize and abide by ecological boundaries across longer 

durations (Dearing, 2012a; Godfray, 2010). Communities living in areas already 

operating within risk thresholds may benefit from a new framework that 

considers several timescales and provides a prioritized list of restorative actions 

based on scientific evidence. 

Depending on its goals, a regional boundaries framework can be created through 

a variety of methods. One method could be to compute the share of global 

resource consumption (like water) and effects on planetary boundaries (like CO2 

emissions) that are specific to a certain region based on socioeconomic 
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conditions (like in less developed countries). An alternative strategy may 

concentrate on the connections between regional resource management (like 

sustainable fish farming) and social well-being (like food security). Both strategies 

place a strong emphasis on equality concerns and call for social and ecological 

data integration. 

 

Figure 1: Merging (a) Planetary boundary framework; (b) Social ‘doughnut’ framework 

(Raworth, 2012) into a new method for defining safe operating sustainable spaces (regional 

level). Source: Rockstrom et al., 2009 & Raworth, 2012 
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2.1.1. Interrelationships on spatial and temporal scales. This framework 

emphasizes that resilience and inclusivity are inseparable in addressing regional 

sustainability. For example, while maintaining ecological boundaries ensures 

resilience by safeguarding critical ecosystem functions, inclusivity ensures that 

resources are distributed equitably, preventing social inequities. 

Spatial: At a regional level, boundaries such as freshwater use or nutrient cycles 

can be managed more effectively by integrating localized ecological data with 

social metrics like food security or access to clean water (Barnosky et al., 2012; 

De Vries & Kros, 2013;). These boundaries reflect how cumulative regional 

actions impact global systems. 

Temporal: Long-term adherence to ecological limits requires inclusive governance 

that prioritizes intergenerational equity and mitigates risks from developmental 

pressures in sensitive zones (Dearing et al., 2012a; Peters, 2011). 

Thus, this regional framework reconciles ecological constraints with social justice 

imperatives, underscoring how inclusive policies reinforce resilience through 

equitable access and sustainable practices. 

2.2 Social-Ecological-Technological Systems 

Our subsequent framework is government-led, recognizing that effective 

coordination across intricate and interconnected urban systems necessitates 

appropriate forms of governance. Given projections indicating that nearly all 

future population growth will occur in urban areas, it is imperative to identify 

governance structures that facilitate inclusive decision-making, management, and 

planning, while enabling comprehensive system-wide transformations. This is 

crucial not only for the welfare of urban inhabitants but also for attaining climate 

objectives and preserving the biosphere (Dearing, 2012b). Despite the pressing 

need for governance mechanisms aimed at enhancing urban sustainability, there 

exists a lack of research on the intricacies of governing urban systems across 

various sectors and scales (Krumme, 2016). 

Approaching the governance of urban sustainability transformations through a 

social-ecological-technological systems (SETS) perspective (McPhearson, 2016; 

Ostrom, 1990) underscores the complex and interconnected nature of urban 

systems, highlighting specific governance challenges and emphasizing the 

importance of identifying governance frameworks capable of coordinating across 

different sectors, spatial domains, and temporal dimensions. Figure 2. illustrates 

the concept of interdependent urban SETS and delineates the role of governance 

in shaping the evolution of such systems. 
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The figure underscores three interacting elements of particular significance. (1) 

Equitable and dependable access to resources in Urban areas (‘Provision of 

goods and services’), which form a crucial foundation for the livelihoods of 

Urban areas and facilitate inclusive political, economic, and social processes. (2) 

The interplay between bottom-up processes and economic activities with top-

down initiatives by governmental actors (‘Bottom-up and top-down processes’), 

wherein local experimentation and innovation can be encouraged by a balance 

between both forces, which can result in systemic changes. (3) The distribution 

of social influence, resource allocation, policy decisions, and urban SETS 

trajectories are all influenced by the power dynamics between the various actors. 

The arrows in (a) and (b) show how deeply ingrained governance is in these 

procedures.  

2.2.1 Interrelationships on spatial and temporal scales. Resilience in urban 

systems depends on maintaining balance across these dimensions, while 

inclusivity ensures that diverse social actors actively participate in decision-

making processes. SETS highlights governance as a critical element for managing 

system-wide transformations and fostering equitable development. 

Spatial: At local and regional levels, SETS illustrates how urban governance must 

coordinate infrastructure (e.g., flood protection) with social well-being (e.g., 

housing equity) and ecological preservation (e.g., wetland restoration). 

Temporal: The trajectory of urban systems depends on governance mechanisms 

that address immediate challenges (e.g., resource scarcity) while building 

resilience for future risks, such as climate change (Fischer et al., 2015; Ostrom, 

1990). 

Effective governance within SETS balances top-down policies with bottom-up 

initiatives, fostering adaptive capacities and inclusivity, essential for long-term 

urban sustainability in sensitive zones. 

2.3 Multiple scales for urban Social-Ecological-Technological Systems  

The ecosystem component within SETS encompasses the physical space or land 

that sustains urban economies and serves as the foundation for urban 

development. The social system is made up of different actors and how they 

interact, such as the government, private citizens, academics, corporate entities, 

and civil society organizations. These actors participate in decision-making 

processes related to ecosystem management, resource distribution and access, 

SETS spatial structure, and the use of goods and services produced from 

ecosystems. In addition to their technological and ecological surroundings, 
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conventions, rules, cultural elements, and power dynamics all influence how 

actors interact with one another. 

 

Figure 2. (a) Urban Social-Ecological-Technological Systems (SETS) involves intricate 
interdependencies among temporal & spatial dimensions. Shocks and stressors possess the 
capacity to influence individual or collective components of the SETS across various spatial 
scales, thereby shaping the trajectory of the urban system over time (denoted by the arrow 
indicating 'Temporal Dynamics'), (b) Embedded Governance refers to the intricate interplay 
between embedded actors and elements within Social-Ecological-Technological Systems 
(SETS), which collectively influence the governance of urban SETS. These actors navigate the 
interfaces among SETS elements, negotiating their interactions and coordinating processes of 
transformation aimed at sustainability across spatial and temporal scales. Source: Fischer et al., 
2015. 
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The technological system, represented by the physical infrastructure, 

encompasses networks, facilities, and buildings that facilitate the flow of 

resources, people, and information, represents the technological system. This 

infrastructure mediates interactions between ecosystems and social actors. For 

instance, flood protection infrastructure, designed and implemented by decision-

makers, serves to safeguard urban populations from natural hazards such as 

storm surges and riverine flooding. Another example is food supply chains, 

which involve ecological components like soils, water, plants, and animals, 

technological infrastructure for production, processing, and transportation, as 

well as social actors and consumers dependent on food delivery into urban areas. 

Effective governance of these systems necessitates inclusive design and planning 

processes, along with balanced and environmentally sustainable manufacturing 

and delivery of goods and services. In this context, governance shapes the overall 

evolution of SETS, influencing how communities coexist within their social-

ecological-technological environment. It determines decisions regarding flood 

protection measures, food production and distribution, and technological 

advancements. 

Beyond official laws and regulations, governance includes informal and group 

action mechanisms such as information availability, efficient communication, 

rule enforcement, monitoring, and dispute resolution procedures (Clark, 2020; 

Ostrom, 2010), as well as incentives to encourage sustainable behavior, the 

establishment of supportive environments for community-based projects, the 

development of responsive functions, and collaborative production and 

management structures (Constantino, 2021; Frantzeskaki, 2019; Galuszka, 2019; 

Nyborg, 2016; Patel, 2017; Sparkman, 2021). 

Efforts by governments and private actors to address sustainability challenges 

within SETS may encounter resistance, trade-offs, or unintended consequences 

across different system elements and scales (Bai, 2016). For instance, initiatives 

to reduce greenhouse gas emissions may lead to technological innovations 

throughout the supply chain but also raise concerns about resource exploitation 

and human rights abuses in distant locations (Riofrancos, 2019; Vandenbergh, 

2018; Xu, 2020). 

Incentives or programs which are only focused on a particular aspect of SETS 

may exacerbate imbalances across social, ecological, and technological 

dimensions of sustainability goals. Therefore, sustainability transformation 

efforts should consider all elements of SETS, recognizing their interconnections 

among various scales and sectors. 
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2.3.1 Interrelationships on spatial and temporal scales: The urban SETS 

framework underscores that resilience is contingent on managing interactions 

among ecological processes, technological systems, and social dynamics across 

scales. Technological innovations, such as circular economy initiatives, promote 

resource efficiency, but their success depends on inclusive governance structures 

that ensure benefits are distributed equitably (Newell & Cousins, 2015). 

Spatial: Managing urban water, energy, and food systems requires spatially 

integrated solutions that link urban centers with their resource catchment areas 

(Simpson & Jewitt, 2019). 

Temporal: Urban transformations involve iterative processes where long-term 

planning aligns technological advancements with social inclusivity goals (Larsen, 

2016; Markolf et al., 2018). 

By fostering collaboration among diverse actors, SETS frameworks highlight 

how resilience and inclusivity converge to support urban sustainability 

transitions. 

2.4 Managing resources and delivery of service provision in urban areas 

Urban areas reside most of the Global population, exert significant pressure on 

natural resources, and contribute substantially to CO2 emissions and other 

environmental pollutants (Bai, 2018). Because of this, controlling the movements 

and demands of resources inside metropolitan areas is essential to maintaining 

both their own sustainability and the sustainability of the global ecological 

systems that provide them with goods and services. Resources are harvested, 

used, and then discarded into the environment as trash in traditional urban 

frameworks, which function in a linear manner (Van der Leer, 2018). Cities, for 

example, draw electricity from vast networks, extract metals and sand for 

construction and industry, import food from different parts of the world, and 

draw water from far-off groundwater reserves, lakes, and rivers. Nevertheless, 

the feedback mechanisms that are required to indicate the deterioration or the 

overexploitation of ecosystems between consumers and ecosystems are absent 

from these linear supply systems (Barthel, 2019; Floerke, 2018). 

Conversely, cross-sectoral techniques place more emphasis on the connections 

across both inputs and outputs in various sectors (Liu, 2018). Reuse and recycling 

are two strategies that have been used to address scarcity issues. Both Singapore's 

NEWater recycling system and Namibia's Windhoek water delivery system 

distribute recycled water to consumers (Lahnsteiner, 2007; Lenouvel, 2014). 

Coordinated efforts can result in mutual advantages from coordinated systems 
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of water, energy, and food (WEF) management (Newell, 2020; Simpson, 2019). 

WEF nexus techniques combine the agricultural and wastewater industries by 

collecting nutrients for fertilizing crops and using treated wastewater for 

irrigation (Larsen, 2016). However, a great deal of coordination between 

ecosystems, technology, and social actors is needed for such cross-sectoral 

systems (Bai, 2016; Markolf, 2018). For instance, cooperation between 

wastewater management and water suppliers is necessary to guarantee the correct 

treatment and release of water, as well as to ensure its quality standards to prevent 

crop and soil contamination prevent soil. In the discourse on urban sustainability, 

ideas like the circular economy (CE), ecology of industry, urban metabolism, 

cradle-to-cradle, and life-cycle assessment are frequently discussed and offer 

alternatives to traditional linear systems (Newell, 2020;  Newell & Cousins, 2015; 

Niero, 2017). Like the networked WEF nexus, CE techniques promote 

minimizing, recovering, reusing, and recycling resources and materials among all 

sectors (Obersteg, 2019). Furthermore, inclusion and well-being are emphasized 

as objectives in CE interpretations, highlighting the necessity of societal change 

to separate resource use from economic growth (Calisto Friant, 2020). Safe 

operating space models, for example, acknowledge the possibility for rising 

inequality and the disproportionate effect of climate change and environmental 

degradation on urban poor groups ((Bavel et al. 2021; Dearing, 2014; Krueger, 

2020; Raworth, 2017; Ziervogel, 2019). They also combine ecological boundaries 

with social well-being. 

Diverse social and political environments take distinct stances on sustainability 

issues. For example, circular city concepts have been adopted by China and 

Europe, though with different motivations and approaches to execution 

(Gravagnuolo, 2019). Although these approaches have different roots, some 

come from the social sciences and others from the natural/engineering sciences 

[66], there is a continuing convergence of CE principles among domains (Ben-

David, 2021; Porkka, 2017). But there are still many real-world obstacles to 

overcome, like societal, technological, and legal impediments and the 

requirement for dietary shifts to plant-based diets. These call for well-thought-

out governance and policy measures (Boyer & Ramaswami, 2020; Marsh et al., 

2021; Obersteg, 2019; Ranganathan, 2016; Weber, 2015). Accompanying the top-

down incentive frameworks and laws, governance systems that place a high 

priority on inclusive policy-making procedures can help support bottom-up 

behavioral changes. Preventing externalities from problem-shifting and 

outsourcing requires a thorough grasp of sustainability goals that takes into 

consideration cross- scale and cross-sector connections (Chini, 2017; 2018). 
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2.4.1 Interrelationships on spatial and temporal scales: Linear resource 

consumption in traditional urban systems often leads to ecological degradation 

and social inequalities. Circular economy approaches, which promote reuse, 

recycling, and resource recovery, offer an inclusive pathway toward urban 

resilience. For instance, Singapore’s NEWater project ensures water security 

through advanced recycling, benefiting all residents equitably (Lahnsteiner, 

2007). 

Spatial: Cross-sectoral coordination ensures resource flows are managed 

holistically, benefiting both urban and rural areas that contribute to resource 

supply chains (Barthel et al., 2019). 

Temporal: Sustainable resource management supports long-term resilience by 

mitigating resource depletion while addressing social inequities (Raworth, 2017). 

This framework demonstrates that inclusivity in resource governance is crucial 

for maintaining urban resilience and ecosystem integrity. 

2.5 Transformations in urban sustainability through top-down and bottom-up approaches 

Different governance contexts show preferences for social or technical 

innovations, and they also determine whether these developments are imposed 

from above, originate from the ground up, or come from a combination of the 

two (Bauwens, 2020). Urban planning within Social-Ecological-Technological 

Systems (SETS) has a significant impact on socio-political processes, including 

the emergence of social movements, the inclusivity of urban development and 

local interest groups. It also affects CO2 emissions, public health outcomes, and 

the efficiency with which land and resources are utilized (Bassolas, 2019; 

Depietri, 2018; Sennett, 2018). Transformational forces can be aided or hindered 

by large-scale technology deployment and spatial planning in metropolitan 

environments, which are frequently typified by top-down approaches. 

Throughout history, physical spaces have played crucial roles as sites for public 

gatherings and expression of demands, as well as for the repression and 

segregation of social groups (Sennett, 2018). 

Identifying supportive settings for local experimentation is a key theme in the 

research on urban sustainability transitions since it offers a way to get over 

entrenched systems and path- dependencies that support the current quo 

(Elmqvist, 2018). This strategy, known as "urban tinkering," highlights the 

importance of decentralized, bottom-up change and the participation of a variety 

of different social actors in the continuous SETS transformation process. This 

viewpoint is consistent with resilient systems in ecology, which benefit from 
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redundancy, open exchange, diversity, modular organization, and other factors 

that increase their ability for adaptation (Carlisle & Gruby, 2019; Levin, 2019). 

Through the development of context-specific solutions, bottom-up efforts utilize 

the innovation and broad expertise of local players to nurture such traits. These 

programs and organizations create self-sufficient, modular structures that 

function best when they are moderately networked, allowing for coordination 

and communication (Carlisle & Gruby, 2019). Modularity, redundancy, and 

diversity strengthen buffering capacity, which reduces the propagation of shocks 

among modules and increases overall resilience (Levin, 1999; Nordbotten, 2108). 

Different capacities are needed at different stages of urban change, such as the 

capacity to eliminate unsustainable practices and develop innovations that 

support resilience and sustainability and integrate these innovations into 

discourse, practices, and governance structures (Nordbotten, 2019). 

Furthermore, to guarantee that transformative processes continue to be flexible 

and in line with changing reflexive stakeholder action, social learning and 

sustainability goals, are essential (Castán Broto, 2019). Managing the complex 

dependencies of urban SETS, which need a synthesis of data across scales and 

sectors and are difficult for a single actor or entity to understand, requires social 

learning, especially collective learning (Johannessen, 2018). 

Even among democratic regimes that appear to be comparable, there are 

significant differences in the capacities and enabling conditions for local 

administration at the urban scale. For example, in the 1980s, cities in the biggest 

democracies in the world, South Africa, Brazil, and India, experienced similar 

physical and social upheavals characterized by significant levels of inequality and 

divided citizenship. Divergent developmental outcomes, however, have been 

brought about by variations in the level of state-civil society embeddedness and 

the interactions among top-down and bottom-up processes. Brazil has strong, 

independent local capacity and participatory governance procedures, while South 

Africa is technocratic and centrally controlled and has good local government 

capacities (Heller, 2017). India is still mostly elite-dominated and has limited local 

governance capacities. 

The actual conditions of urban governance frequently deviate from theoretical 

considerations of the prerequisites for urban development. Government 

initiatives are usually short-term and responsive rather than long-term and 

anticipatory; sectors are frequently handled by separated entities, disconnected 

across spatial scales and sectors; local sustainability initiatives are often 

fragmented, underfunded, and dependent on individual engagement, posing 

obstacles to lasting impacts and system-wide transformations (Hölscher, 2019). 
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2.5.1 Interrelationships on spatial and temporal scales: Urban transformations 

require the integration of top-down policies with bottom-up innovations. Top-

down governance provides the regulatory framework for large-scale sustainability 

initiatives, while bottom-up approaches leverage local knowledge and 

community participation to address contextual challenges (Elmqvist et al., 2018). 

Spatial: Local experimentation in urban neighborhoods (e.g., community gardens) 

complements broader municipal strategies, fostering system-wide resilience 

(Levin et al., 2019). 

Temporal: Bottom-up initiatives encourage incremental, flexible changes that 

adapt to evolving social and environmental conditions, while top-down policies 

ensure alignment with long-term sustainability goals (Carlisle & Gruby, 2019). 

Together, these approaches exemplify the interconnectedness of resilience and 

inclusivity, promoting equitable urban transformations. 

2.6 Role of governance and power relations in urban SETS 

Power dynamics and embeddedness play pivotal roles in determining the 

effectiveness of both bottom-up and top-down initiatives in transforming urban 

Social-Ecological-Technological Systems (SETS) (Borgström, 2019; Heller, 2017; 

Westman, 2019). This section concentrates on examining the interplay between 

governance embeddedness, power dynamics across sustainability and actors 

among actors of urban systems. Embeddedness, as discussed in scholarly 

literature, refers to the interdependence and relationships among societal actors 

and is closely linked with capacity and agency in governance processes (Heller, 

2017; Kok, 2021). It provides the framework for organizing, resolving disputes, 

and tackling issues related to collective action. To ensure a participatory political 

process in urban contexts, it is imperative to consider the degree of 

embeddedness and the interconnection of actor connections among governance 

levels and sectors (Heller, 2017). 

The idea of relational power is intimately related to the relational component of 

embeddedness (Kok, 2021). Relational power is generative, influencing, 

producing, and changing practices, social relationships, and institutional 

arrangements. It is braided into social- ecological-technological relations and 

embedded in social activities (Cooper, 1994; Kok, 2021). The integration of 

complex adaptive systems theory into the management of sustainability 

transitions emphasizes the need for a power relations concept based on SETS 

interactions as well as social agent interactions (Kok, 2021). Embeddedness is the 

term used to describe the connections between governance actors at different 
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levels and in different sectors, as well as how they interact with ecological and 

technical components of the metropolitan system. 

Inclusive, multi-level, democratic and multi-scale characteristics are frequently 

found in the governance of sustainable urban transitions (Dahiya & Das, 2020). 

Embeddedness differs according on the context. A certain level of governance 

embeddedness is ensured both horizontally and vertically in Europe through 

local initiatives and authorities working with state, corporate, academic actors, 

and non-governmental, and organizations across different governance scales 

(Fratini, 2019). States have a big say in creating environmental regulations under 

the federal system of the United States; some of these policies can even be 

implemented and enforced locally. States with sizable marketplaces have the 

power to shape businesses and set norms across the country. For instance, 

California has taken the lead in establishing vehicle emissions regulations and in 

developing laws pertaining to plastic trash and air pollution (Rosner & 

Markowitz, 2019; Vogel, 2019). Due to insufficient cross-level integration 

between the central state, municipalities, and civil society, as well as an uneven 

distribution of power concentrated in the central state, urban areas in India 

frequently lack the potential for local self- governance (Heller, 2017; 2019). 

Ensuring that local sustainability advancements do not jeopardize global 

sustainability can be achieved by integrating governance horizontally, spanning 

sectors, cities, and regions, as well as vertically, from the local level to the regional 

and global levels (Krueger, 2020; Hickmann, 2016). Over the past few decades, 

city networks have grown dramatically, encouraging cooperation between 

municipal governments around the world. Given the fact that choices made at 

the urban scale have an impact on many global processes, these networks have 

become crucial in forming and pushing global sustainability agendas (Acuto & 

Leffel, 2020; Mocca, 2017). In contrast to initiatives aiming at reaching a 

worldwide consensus among national entities, theoretical models imply that 

voluntary coalitions, such as these urban networks, may be more successful in 

solving the issue of climate change and other global ecological concerns 

(Hannam, 2017; Vasconcelos, 2020). These interconnected urban governance 

systems facilitate knowledge sharing and collaboratively pursue set goals to assist 

sustainability initiatives. Decentralized initiatives embedded within broader 

coalitions offer diverse responses to sustainability challenges, allowing successful 

approaches to diffuse to other locations. However, gaps between civil society 

initiatives and local governance bodies can hinder the spread of innovations 

across regions (Borgström, 2019). 
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The vital responsibilities that social actors—both state and non-state—assume 

in governance processes are what make the urban sustainability ecosystem system 

SETS possible (Evans et al., 2017). In controlling uncertainty, maintaining the 

supremacy of law, redistributing wealth & resources, and coordinating policies, 

the state and other actors in regulatory or management roles are crucial (Evans 

et al., 2017). Civil society and Non-state actors must keep an eye on the state and 

hold it responsible through legislative and public actions, creating feedback loops 

between the state and civil society to prevent unbridled state power (Evans et al, 

2017; Heller P., 2017). Loss of embeddedness between the state and society can 

lead to concentration of power at the national or state level, resulting in weak 

local governance despite significant economic growth (Heller, 2017; Meckling & 

Nahm, 2018). This can manifest in inequitable provision of public services, 

environmental degradation, and social inequalities. For instance, cities like 

Chennai in India face water scarcity and pollution issues, while cities like East 

Chicago and Flint in the US experience social inequalities exacerbated by out-of-

balance power relations (Krishnamurthy & Desouza, 2015; Sampson, 2017). 

Regulation by the state can support the preservation of social cohesiveness when 

sustainability changes. The reciprocal relationships between top-down and 

bottom-up processes, the balance of power within the governance system, and 

equitable urban service supply are illustrated by the urban governance cycle 

shown in Figure 2(b). 

In addition to being crucial for preserving human well-being, critical 

infrastructure services help the state maintain law and order, encourage economic 

growth, and advance social inclusion (Centeno et al., 2017). On the other hand, 

efforts towards sustainability may be hampered by suspicion of the state and 

rejection of state power (Vandenbergh & Gilligan, 2018). It is a difficult task to 

rebuild inclusive government systems in environments where reciprocity and 

trust have been undermined. In these situations, government must strike a 

balance between the need for swift changes toward ecological sustainability and 

the gradual process of mending social ties, especially regarding excluded groups 

(Whyte, 2020). To summarize, the combination of power dynamics, governance 

framework, and embeddedness within SETS interactions can either facilitate or 

hinder sustainability transitions from local to global levels. 

3. Discussion 

The term “development” in the context of sustainable (urban) development, 

extends beyond the traditional focus on economic growth to encompass a 
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multidimensional approach that integrates environmental sustainability, social 

equity, and economic viability. This type of approach is necessary because 

economic growth has been critiqued for its potential to undermine the very 

principles of sustainability. Economic growth, in its traditional form, frequently 

leads to overexploitation of natural resources, ecological degradation, and 

exacerbation of social inequities. Whereas the concept of “economic viability,” 

as referenced in this study, differs from mere growth in that it promotes an 

economic system capable of sustaining livelihoods while preserving 

environmental integrity and fostering social inclusiveness. This emphasizes that 

sustainable urban development needs to involve fostering resilience and 

inclusivity while addressing ecological sensitivity and socio-economic disparities. 

This approach contrasts with the conventional association of development with 

economic growth, which often overlooks the adverse environmental and social 

implications of unchecked urban expansion. 

The increasing divergence between the functional realities of urban governance 

systems and the normative aspirations articulated in sustainability discourses 

highlights the need for a more methodical understanding of how urban 

governance can support the integration and modification of urban SETS. The 

body of existing literature has made a significant contribution to our 

understanding of the interactions between service delivery, top-down 

interventions, bottom-up efforts, sustainable resource management, and power 

dynamics among the factors influencing the changing pathways of urban SETS 

in various locations. 

3.1 Regional framework  

Establishing a Regional Framework provides an aesthetically coherent method 

for comparing different regions, and it can also be used to evaluate how a region 

affects planetary borders. The SDGs, particularly in the “Post-2015 UN 

Development Agenda,” have been critiqued for their broad scope and 

insufficient integration of localized contexts. While the SDGs provide a global 

framework for sustainability, their design and implementation have been 

criticized for several reasons like the lack of clarity in defining “development” 

often leads to conflicting priorities between economic growth and environmental 

sustainability; overemphasis on quantifiable targets; implementation challenges 

in ecologically sensitive areas and the SDGs often fail to address the systemic 

power imbalances that influence resource distribution and decision-making, 

limiting inclusivity and equity. These issues could be addressed and may benefit 

from the insights of the study like tailoring SDG implementation to regional 
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context and expanding the SDG indicators to include qualitative measures of 

resilience, inclusivity, and cultural preservation to provide a more comprehensive 

evaluation of sustainability, etc. Though there is strong evidence to support its 

implementation, especially in rural developing countries, there are a few warnings 

and ongoing difficulties that should be considered, for example the linear 

resource consumption model in many cities often contradicts the circular 

economy principles emphasized in SDG 12 (Responsible Consumption and 

Production). Similarly, systemic inequalities in resource access must be addressed 

to achieve the equity envisioned in SDG 10 (Reduced Inequalities). Addressing 

these challenges requires a shift from theoretical goals to actionable strategies 

that align with local realities. 

3.2 Urban sustainability through ecosystem services  

Within societal contexts, the utilization of technological tools by social actors to 

engage with ecosystems and manage resource extraction and allocation 

constitutes foundational elements for delivering essential services encompassing 

water, energy, food, health, and transportation. A substantial portion of scholarly 

discourse on sustainable service provisioning and resource governance adopts 

linear, circular, and nexus paradigms, predominantly targeting environmental or 

societal objectives. However, amalgamating these objectives necessitates 

mitigating pressures on natural ecosystems induced by climate change and global 

ecological degradation, alongside ensuring equitable access and fair resource 

distribution. Hence, sustainable service delivery surpasses mere material cycle 

management and ecological conservation, extending to addressing socio-

economic disparities and understanding cross-dimensional impacts on social, 

ecological, and technological systems. The intricate interplay of diverse resource 

fluxes within the urban metabolic framework, intertwined with stakeholder 

interests, renders delineating and attaining sustainability objectives a complex 

political endeavor within the governance framework of SETS. 

3.3 Bottom-up and top-down approach  

In the quest for effective sustainability transformations, engaging in 

experimentation processes spanning social, ecological, and technological 

domains is crucial. Notably, bottom-up approaches yield a spectrum of diverse, 

contextually adapted responses.  Through embedded governance mechanisms, 

successful experimentation can propagate via dynamics of social learning. 

Consequently, grassroots initiatives and voluntary alliances play pivotal roles in 

overcoming entrenched patterns and disrupting dependency trajectories. Local 
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endeavors can catalyze widespread behavioral shifts and normative framework 

alterations, disseminating across horizontally interconnected urban networks. 

Moreover, serving as modular components within polycentric governance 

frameworks, locally driven bottom-up initiatives, when interconnected across 

scales, provide systemic redundancies and resilience capacities essential for 

navigating flux periods and transformative change processes. 

3.4 Governmental and hierarchical support  

Governmental and hierarchical support is vital for fostering sufficient arenas for 

social dialogue and expanding promising local innovations conducive to 

sustainability transition. Governmental organizations must also create and 

implement regulations that minimize power imbalances between interested 

parties and guarantee the judicial, legislative, and executive branches' functional 

separation of powers. Widespread sustainability changes are mostly caused by the 

interaction of social processes, digital and physical surroundings, and grassroots 

initiatives and centralized control systems. Grassroots initiatives can drive 

sustainability transformations when embedded within a SETS governance 

framework and supported by infrastructures forged through multilevel 

engagements. 

3.5 Power and urban governance 

Urban SETS governance is characterized as multilayered, boundary-spanning, 

and multiscale frameworks, influenced by a heterogeneous array of actors. Power 

dynamics within this governance structure are susceptible to imbalance unless 

preemptively safeguarded. The authority wielded by cities in navigating internal 

shifts and external perturbations hinges upon power distribution and integration 

across various governance levels. Within urban settings, the inclusivity of 

decision-making processes, influenced by vertical integration and power 

dynamics, impacts levels of trust, consent, and societal well-being among 

residents. Evolution of SETS interactions, service delivery mechanisms, and 

social dynamics is contingent upon integrated governance across SETS 

components spanning local to global scales. 

4. Conclusions 

In conclusion, achieving sustainable development in urban areas while 

considering ecological sensitivity requires a comprehensive approach that 

recognizes the interdependence between resilience and inclusivity. By 
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incorporating risk-aware methodologies, adaptable strategies, and participatory 

approaches, urban centers can enhance their resilience to adverse events and 

societal pressures while promoting fair distribution of resources and 

opportunities. The design of governance systems, formulation of policy 

frameworks, and engagement of stakeholders play crucial roles in shaping 

resilient and inclusive urban environments. Moving forward, concerted efforts 

are essential to mainstream sustainability principles into urban planning and 

decision-making processes, ensuring the development of cities that are resilient, 

inclusive, and sustainable for present and future generations. 

The frameworks presented in this study collectively illustrate that resilience and 

inclusivity are mutually reinforcing pillars of sustainable urban development. 

Across spatial and temporal scales, their interconnections shape governance, 

resource management, and urban transformations, ensuring that cities in 

ecologically sensitive zones can adapt to rapid urbanization while safeguarding 

social equity and ecological integrity. 

A comprehensive and multifaceted viewpoint on the management of socio-

ecological- technological systems enables a more profound comprehension of 

the intricacies entailed in tackling issues related to urban sustainability. By 

synthesizing insights from various academic disciplines, we underscore key 

principles conducive to fostering sustainable governance and transitioning from 

unsustainable to sustainable systems. The following is the main takeaway from 

the discussed literature: 

(1) The best way to formulate links and interactions hypotheses for further 

empirical validation and investigation is using the regional framework. An 

extensive collection of socio-ecological models, for instance, could be useful 

in locating critical points in ecosystem services and processes, which would 

help identify areas that are vulnerable to pressures during development. 

Furthermore, the framework offers a solid foundation for creating systems 

dynamics models that can identify feedback loops, enabling the investigation 

of ecological consequences linked to various social paths. 

(2) Achieving sustainable urban resource allocation and service delivery requires 

a holistic approach that extends beyond material flow management to 

incorporate social equity considerations, inclusivity, and the impacts of 

technological development, physical infrastructure, and urban planning into 

strategic planning and administration. While localized efforts targeting global 

sustainability concerns are underway, they must acknowledge and address the 

cross-dimensional impacts arising from global supply chains and resource 

distribution networks. 
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(3) Developing urban systems that are flexible and adaptive—capable of 

enduring shocks and disturbances while enabling revolutionary changes in the 

interplay between SETS—is crucial. The hierarchical interventions and 

governance frameworks that support regionally customized and diverse 

responses resulting from grassroots activities are essential to this endeavor. 

Urban settings and technologies are important mediators of these dynamics, 

functioning as interrelated elements of polycentric governing frameworks. 

Bottom-up approaches are effective in accelerating systemic reforms and 

scalable breakthroughs. 

(4) The integration of the urban governance framework across local, regional, 

and global dimensions is necessary for all aspects of the process, such as the 

equitable provision of basic services, the promotion of grassroots initiatives 

and creative practices, and the development of resilience to disruptions and 

changing urban dynamics. However, equitable allocation of power among 

stakeholders and the prevention of opportunistic conduct are necessary for 

this integration to be effective. Since numerous actors with different interests 

affect the long-term course of urban SETS, it is necessary to develop 

safeguards to monitor and correct power imbalances at all levels. 

Additionally, for the successful implementation of the framework for sustainable 

urban development, which emphasizes resilience and inclusivity in ecologically 

sensitive areas, hinges on some facilitating factors like integrated governance 

structures, technological innovations, community participation etc. and impeding 

factors such as institutional fragmentation, socio-economic inequities, financial 

constraints, climate risks etc. that may either hinder or expedite its progress. 

Some of the above-mentioned impeding factors may lead to potential conflicts 

of interest between stakeholders with different priorities.  For instance, 

developers and policymakers may prioritize economic growth, while 

environmentalists and local communities emphasize ecological preservation and 

social equity. Such conflicts could delay or derail the implementation of 

sustainability initiatives, particularly in areas where vested interests in resource 

exploitation conflict with conservation goals. Balancing these competing 

interests requires transparent dialogue, negotiation, and the establishment of 

shared objectives that align with long-term sustainability. To address the such 

and other multifaceted challenges of sustainable urban development, all the 

involved actors should hold a strong leadership & commitment, have access to 

robust institutions with adequate resources, ability to foster collective learning 

and should encourage bottom-up approaches.  
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4.1 Contribution and future potential research  

The main contribution of this study is the synthesis of interdisciplinary insights 

to provide a comprehensive framework for resilient and inclusive urban 

planning. It primarily includes 1) development of a multi-scalar and integrated 

approach to urban sustainability that links resilience and inclusivity, 2) providing 

actionable recommendations for policymakers and urban planners to enhance 

governance and participatory processes in urban systems, and 3) proposing 

strategies to balance ecological preservation with socio-economic development, 

particularly in regions where urban expansion threatens sensitive ecosystems. 

The study’s findings offer practical applications in urban policy formulation, 

governance, and resource management. For instance, the integration of SETS 

principles into urban planning can guide the design of resilient infrastructure and 

equitable service delivery. Furthermore, the study lays a foundation for future 

research to: 

• Investigate the long-term impacts of governance models on urban resilience 

and inclusivity. 

• Develop quantitative models to assess the effectiveness of urban 

sustainability interventions. 

• Explore the role of digital technologies in enhancing participatory urban 

governance. 

By addressing these areas, the study promotes the development of sustainable, 

resilient, and inclusive urban systems that can withstand environmental and social 

pressures while supporting equitable growth. 
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