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Abstract

Global urbanization is accelerating in the 21st century, and the United Nations projects that the urban population
will reach 6.5 billion by 2050, positioning cities as the primary arena for implementing SDG 11. However, existing
research on urban sustainability assessment remains largely confined to either the city or community scales,
exhibiting considerable fragmentation, and neglecting dynamic cross-scale interactions leads to policy mismatches.
This study conducts a systematic review of literature published between 2015 and 2025 in the Web of Science and
Scopus databases, following the PRISMA guidelines. After excluding single-scale and non-urban studies, 14 core
papers were identified. The results reveal three dominant pathways for cross-scale city—community assessment:
top-down, bottom-up, and hybrid approaches. Methods predominantly involve computational modeling and spatial
analysis (GIS), indicating a trend toward methodological integration. Indicators commonly demonstrate cross-
dimensional coupling and cross-scale nesting structures. However, persistent challenges remain, including data
barriers, insufficient coverage of sociocultural dimensions, and high technical thresholds. Future efforts should
prioritize enhancing data integration, refining multidimensional indicator frameworks, and reducing application
barriers to advance cross-scale assessment and achieve the coordinated, sustainable development of cities and
communities.

Keywords: urban sustainability, cross-scale assessment, evaluation methods, SDGs, systematic review
1. Introduction
1.1 Urbanization Context and Limitations of Single-Scale Assessment

The 21st century is increasingly recognized as the “urban century,” with global urbanization advancing at an
unprecedented pace and cities becoming the main arena of human development. According to UN projections, 4.8
billion people will live in urban areas by 2025 (Statistics, 2025), and this figure will reach 6.5 billion by 2050,
roughly two-thirds of the global population (United Nations Development Programme). As Acuto et al. (2018)
point out, cities are engines of global growth, driving nearly 75% of global GDP, yet they also account for the
largest shares of energy, consumption, carbon emissions, and pollution. The Habitat Progress Report (Habitat,
2023) further indicates that achieving up to 65% of the Sustainable Development Goals (SDGs) depends directly
on the effective implementation of urban initiatives. Building on this, the effective resolution of a series of “urban
challenges” has become one of the most pressing global issues of the century (Acuto et al., 2018). In this context,
the United Nation (2015) noted that guiding cities towards inclusive, safe, resilient, and sustainable development
has become the core target of Sustainable Development Goal 11 (SDG 11) within the 2030 Agenda for Sustainable
Development.

Cities are inherently open and complex multiscale systems encompassing hierarchical levels from households and
communities to cities and regions (Bai et al., 2016; Purvis et al., 2022). In recent years, scholars have developed
numerous indicator frameworks, evaluation systems, modeling approaches, and assessment tools to incorporate
sustainability into urban planning (Aly et al., 2022; Kaur & Garg, 2019), and most studies still focus on either the
urban or community level in isolation. This fragmentation makes it difficult to address the systemic complexity of
urban sustainability. As Elmgqvist et al. (2019) observed, existing research often remains confined within single
scales, while few have successfully bridged interactions among spatial levels (Furlan et al., 2025; Zheng et al.,
2020). Kiifeoglu (2022) similarly highlighted that such single-scale approaches often neglect the inherent
multiscale characteristics of SDG 11.7 and its cross-linkages with other goals. A systematic review of models
supporting SDG implementation between 2015 and 2021 conducted by Aly et al. (2022), found that only about 5%
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of these models addressed cross-scale issues, revealing a lack of integrated assessment methods connecting the
urban and community scales—two distinct yet interdependent governance and ecological units.

1.2 Significance and Core Issues of Multi-Scale Assessment

Neglecting these cross-scale dynamics results in a lack of alignment between local practices and urban strategies,
sometimes triggering governance dilemmas in which local optimization leads to system imbalances and aggravates
regional disparities (Yang & Zhang, 2025). Therefore, cross-scale sustainability assessment is essential for
overcoming the limitations of fragmented, single-scale approaches. As Contestabile (2018) emphasized,
sustainable urban systems depend on the integration of structure and process. Building on the multiscale and open
characteristics of urban systems (Cash et al., 2006), researchers are increasingly adopting interdisciplinary
approaches to deal with scale mismatches and enhance collaborative knowledge between scholars and practitioners.

Accordingly, this paper conducts a systematic literature review to examine the progress and challenges in global
city-community cross-scale sustainability assessment over the past decade. It addresses three key questions: (1)
What methods are predominantly used in cross-scale assessment? (2) How do sustainability indicators exhibit
coupling and nesting characteristics across scales? (3) What major challenges hinder the advancement of cross-
scale assessment?

Addressing these questions holds significant value: clarifying assessment methods can address methodological
deficiencies in scale integration; preventing policy one-size-fits-all approaches or imbalanced local optimization;
elucidating indicator characteristics ensures assessment systems align with governance needs. Furthermore,
identifying existing challenges can guide future research, promoting more coherent implementation of cross-scale
assessments to support SDG 11. This study ultimately seeks to deepen understanding of multiscale interactions,
elucidate governance insights, and explore strategies to enhance the collaborative sustainability between cities and
communities.

2. Theoretical Framework
2.1 Scale

“Scale” is a crucial concept and a fundamental analytical tool in numerous fields, including the study of urban
sustainable development (Cash et al., 2006). Gibson et al. (2000) defined “scale” as the spatial, temporal,
quantitative, or analytical dimensions through which phenomena are examined. Among these, spatial scale is
closely related to jurisdictional scale, which refers to a hierarchical political organization of administrative units—
such as towns, districts, counties, and cities—structured through institutional norms and nested governance
arrangements(Allen et al., 2023). This concept provides a theoretical foundation for understanding cross-scale
interactions between the micro level of communities and the macro level of cities. Within urban sustainability
assessments, these two spatial levels differ markedly in their demands, socioeconomic conditions, environmental
contexts, institutional structures, and evaluation mechanisms (Sharifi & Murayama, 2015). Therefore, the
interactions and interdependencies across scales not only generate complex governance challenges but also provide
research opportunities for advancing sustainable urban development.

2.1.1 Urban Scale

As micro-units of complex systems composed of blocks and neighborhoods (Nuissl et al., 2009), cities need to be
measured in a systematic way across economic, social, and environmental dimensions to evaluate their
sustainability performance (Coulson et al., 2020). However, the extensive data demands and sensitivities of
sustainability metrics give rise to several limitations, including a weak alignment between indicator frameworks
and local priorities (Lee & Huang, 2007), as well as limited accuracy in long-term trend predictions.

Existing urban sustainability assessments generally follow four major stages (Liu, 2024): defining indicator
frameworks, constructing evaluation systems, integrating SDG dimensions into quantitative models, and
formulating policy strategies. Commonly used methods exhibit complementary strengths: system dynamics
models effectively predict long-term trends through causal feedback loops, but need complete historical datasets
(Aly et al., 2022); agent-based models capture the macro-level effects of micro-level behavior, but confront
problems with deviations from the rational agent assumption; and Bayesian networks are adept at handling
uncertainty but depend heavily on prior knowledge of network structures.

At the practical level, cities adopt a variety of approaches depending on their institutional settings and data contexts.
For example, Jining City, China, built a multi-indicator evaluation framework for urban sustainability (Li et al.,
2009); a Brazilian study combined data envelopment analysis (DEA) with neural networks to enhance resource
allocation efficiency (Furlan et al., 2025); and in Turkey, researchers established an urban sustainability index
based on fuzzy analytic hierarchy process (AHP) techniques (Kusakci et al., 2022).Collectively, these studies show
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the importance of aligning methods with local governance capacity and contextual knowledge. However, persistent
challenges remain, including the masking of community heterogeneity by city-level aggregation and limited cross-
national comparability of assessment outcomes.

2.1.2 Community Scale

Communities are the basic units of cities (Searfoss, 2011). Although limited in spatial extent, they can provide a
comprehensive reflection of social reality, environmental quality, and service conditions at the micro level.
Therefore, communities are units for recognizing and practicing sustainability, and are the optimal starting point
for achieving urban sustainable development (Sharifi & Murayama, 2013). Within a cross-scale sustainability
framework, the community scale constitutes not only the logical starting point for bottom-up analysis but also a
crucial bridge linking individual behaviors with city-level outcomes.

With the acceleration of urbanization, Neighborhood Sustainability Assessment (NSA) tools have been developed,
offering quantitative support for cross-scale research (Dawodu et al., 2022). These tools are generally divided into
two categories: Derivative Tools (e.g., LEED-ND), which are developed from standardized indicators, and thus
can be used for cross-regional comparisons but often lack sensitivity to local contexts; and Planning-Embedded
Tools (e.g., HQE2R), which are tailored to local conditions and planning needs but are less suitable for horizontal
comparisons (Berardi, 2013; Sharifi & Murayama, 2013). Together, these two types of tools complement each
other in striking a balance between standardization and differentiation.

There are two mainstream methodological approaches commonly adopted for community-scale sustainability
assessment (Wang et al., 2022): the Comprehensive indicator approach integrates multi-dimensional information
for holistic evaluation and is applicable for diagnostic analysis, but it often ignores local heterogeneity (Valderrey
et al., 2023); In contrast, the Single-Dimensional Approach focuses on specific aspects—such as environmental
quality or social equity—for in-depth research, though it struggles to reflect the overall balance (Shirazi et al.,
2022). Therefore, the method selection should align with the objectives of the evaluation assessment, data
availability, and the analytical scale. The methodological and conceptual distinctions between urban- and
community-scale evaluations, and their core characteristics, are summarized in Table 1.

Table 1. Comparison of Core Characteristics in Sustainability Assessment at Urban and Community Scales

Comparative

) . Urban Scale Community Scale
Dimension

. Housing, transportation, regional economy, and  Public services, residents' demands,
Policy Focus

macro-environmental policies and micro-environment

System' Dynamics, DEA (Data'Env.elopment LEED-ND, HQE2R, Comprehensive
Assessment Analysis), Fuzzy AHP (Analytic Hierarchy . . . .

. Indicator Method, Single-Dimension
Tools/Methods Process), Comprehensive Polygon Graph
Method

Method
Applicable Overall urban sustainability diagnosis, cross- Precise community planning, local
Scenarios regional urban comparison problem optimization

Difficulties in horizontal comparison,
inability to support the formulation of
overall urban strategies

Overshadows community heterogeneity, leading

Core Limitations . . 1.
to “one-size-fits-all” policies

2.2 Cross-Scale

Cross-scale interactions refer to the mutual influence and feedback that occur between different spatial or
governance levels (Allen et al., 2023).Stevens (2018) emphasizes that integrating multiple spatial, jurisdictional,
and temporal scales is a critical prerequisite for effective governance. Foundational studies before 2015 established
the theoretical and methodological groundwork in this field. Cash et al. (2006) proposed the theory of scale and
cross-scale dynamics, clarifying the governance logic and information transmission mechanisms in multi-level
systems. Bourdic et al. (2012) developed a system of cross-scale spatial indicators, providing an early case of
exploring cross-scale spatial indicators, demonstrating feasible ways to quantify the sustainability of cities at
different levels. Based on these foundational studies, existing research on urban sustainability indicators, urban
renewal, and smart cities has made substantial progress, including the development of methodological frameworks
and tools to implement the SDGs (Allen et al., 2023).

Despite these advancements, most existing studies remain confined to a single analytical scale. Some studies focus
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on micro-level elements, such as buildings, landscapes, or communities, while others construct macro-level
indicator systems for cities, regions, or nations (Yigitcanlar et al., 2015). This fragmented assessment method often
ignores the dynamic coupling and feedback mechanisms across different scales. And cities and communities are
inherently nested complex systems. Communities are embedded within urban systems, and interactions occur
vertically across these scales (Wang et al., 2022). Local interactions within community subsystems take specific
forms. These forms include residents’ behavioral choices and demographic structures. Through nonlinear
processes, these local interactions manifest as macro-level urban characteristics (Keddie & Tonkiss, 2010).
Different scales operate within specific spatial and environmental constraints. Thus, adopting a cross-scale
perspective is essential in urban sustainability research (Huang et al., 2015).

Cross-scale research serves two important purposes. First, it is essential to understand the transformation of urban
governance. Second, it offers a practical approach to promote multi-scale coordination. Cross-scale sustainability
assessment addresses the limitations of single-scale methods. It accomplishes this through hierarchical
decomposition, revealing underlying mismatches and providing a scientific foundation for collaborative
governance between cities and communities. Within the framework of SDG 11 (“Sustainable Cities and
Communities”), specific targets articulate clear requirements. For example, Target 11.3 explicitly advocates for
the establishment of hierarchical linkage mechanisms and participatory planning processes that connect
community-level engagement with city-level strategies (Kiifeoglu, 2022; United Nation 2025). International
organizations have similarly underscored the importance of multi-scale coordination: The Committee on
Sustainable Urban Systems of the National Science Foundation (National Science, 2022) emphasizes the
importance of cross-scale coordination; likewise, Asian urban research practices (Asian Development, 2021) and
Latin American studies (CEPAL, 2022) echo this sentiment. These cases reflect a global consensus on the
importance of this issue.

3. Methodology

This study aims to synthesize and evaluate global progress, methodological innovations, and existing challenges
in urban sustainability research, with a particular focus on cross-scale sustainability assessment methods linking
cities and communities. This study adopted a systematic literature review (SLR) approach, following a clearly
defined search logic, screening process, and evaluation protocol. The main procedural steps are outlined below.

3.1 Literature Search Strategy

The literature search was conducted using two major academic databases: Web of Science (WoS) and Scopus. The
WoS Core Collection—including SCI-EXPANDED, SSCI, A&HCI, CPCI-S, and CPCI-SSH—served as the main
data source. At the same time, Scopus was used as a supplementary source to ensure comprehensive coverage and
academic credibility. The search period was restricted to 2015-2025, aligning with the decade following the
adoption of the UN 2030 Agenda for Sustainable Development, during which research on sustainable cities and
cross-scale governance rapidly expanded.

Boolean operators (“AND”, “OR”) were used to combine keywords such as: Urban sustainability, cross-scale,
multi-scale, framework, model, policy, and governance. Terms like scale, multi-scale, and cross-scale targeted
studies involving different spatial or administrative levels; framework and model helped identify method-oriented
literature; and policy and governance aided in locating implementation-focused studies related to the SDGs. The
detailed search strategy is illustrated in Table 2:

Table 2. Literature Search Strategy Table

Database Search Scope / Fields Publication Search Terms / Strings
range
TS = (“urban sustainability” OR “sustainability assessment”
Core Collection: SCI- 2015.01.01 OR “sustainable development evaluation”) AND TS = (“scale”
Web of EXPANDED, SSCI, OR “multi-scale” OR “cross-scale” OR “scale integration”)
Science A&HCI, CPCI-S, CPCI- ; 025.01.01 AND TS = (“framework” OR “index” OR “model” OR “tool”
SSH OR “methodology”) AND TS = (“policy” OR “localization”

OR “governance” OR “SDG implementation”)

Search within: “urban sustainable development”,
2015-2025 “community”, “neighborhood”, “district”, “scale”, “cross-

LEINT3

scale”, “multi-scale”

Article Title, Abstract,

S
copus Keywords
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3.2 Preliminary Screening and Duplication

The initial search was performed in May 2025. Titles, keywords, and abstracts were manually screened for
relevance. Retrieved records were imported into EndNote for automatic deduplication. Studies were excluded
based on the following criteria:

(a) Assessments focusing solely on a single scale;

(b) Cross-scale analyses conducted on non-urban systems;

(c) Studies lacking an explicit cross-scale analytical perspective or multi-scale integration methods.
3.3 Full-Text Review

Following the preliminary screening, full-text reviews were conducted to examine definitions of “scale,”
evaluation frameworks, and cross-level analytical methods. The initial search retrieved 5,463 records (Web of
Science: 2,234; Scopus: 3,229). After deduplication, 4,651 studies remained. On this basis, we further excluded
studies focusing on global, subnational (e.g., regional, delta-level), or non- “city—community” scales. After strict
screening, 52 studies were identified as cross-scale analyses involving urban sustainability. To reduce regional and
institutional bias, cases were selected from different countries, with multiple cases from the same country avoided.
Ultimately, 14 core studies were included in this systematic review. These studies explicitly addressed urban-
community cross-scale sustainability assessment, aligning with the study’s thematic focus.

3.4 Flowchart
To enhance the transparency and reproducibility of the review, the entire review process—including identification,
screening, eligibility, and inclusion stages—was documented in accordance with the PRISMA (Preferred

Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. A PRISMA flowchart was then
constructed to visually summarize each stage of the literature selection process, as illustrated in Figure 1:

'
g Records identified from Web of science Records removed before screening:
= and Scopus Duplicate records removed
é Databases (n = 5,463 ) > (m=902)
=
=
[
i)
m . . . .
£ Records screened after duplication removed _ Studies excluded based on fitle,
o (n=4,651) ”1  abstract and key words (n=4,599)
g
(7]
—
> Studies excluded:
= Studies assessed for eligibility Single-scale studies = 17
.'% (n=152) — | Non-urban systems =9
& No cross-scale methods=12
Nt
£ Studies included in qualitative
g synthesis
E (n=14)

Figure 1. Literature Screening Flowchart for Cross-Scale Sustainability Assessment of Cities and Communities

61 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

4. Results

Although the initial search yielded a large volume of literature, the overall findings indicate that current research
on urban sustainability assessment remains predominantly concentrated on single-scale analysis. Cross-scale
evaluations still present methodological and conceptual challenges, and systematic literature exploring inter-scale
relationships remains relatively limited.

4.1 Basic Characteristics and Geographic Distribution of Included Literature

Ultimately, fourteen representative core articles were selected for in-depth analysis. This decision aligns with the
study’s focus on examining the interactive relationships between the city and community scales, while ensuring
conceptual clarity and representativeness across diverse case contexts. Consequently, numerous articles were
excluded because they either focus only on a single scale or cover broader research topics unrelated to the cross-
scale perspective. Although this rigorous selection criterion inevitably reduced the sample size, it effectively
filtered out irrelevant materials, allowing for a more focused exploration of research progress and innovations in
cross-scale sustainability assessment. The fourteen included papers can therefore be considered the most
methodologically relevant and typologically representative results within the field of urban sustainability
assessment.

Table 3. Basic Characteristics of Included Literature on Urban-Community Cross-Scale Sustainability Assessment

No.  Citation Assessment Scale Spatial Field Tool/Framework Area
Environment + Zurich
1 Hayek et al. (2015) Regional-Local .Soc.lal proxy UrbanSim Switzerland
indicators
,  VYigitcanlaretal. o gu"s‘;f;zﬁ;?flve MUSIX + Gold Coast,
(2015) Y Y ILTIM Australia
assessment
Fernandez and Wu Municipal-Pixel- Environmental- . . .
3 (2018) Block social equity EIPI index Santiago, Chile
Sarrica et al. National-Regional- Dlscogrse
4 Energy sector analysis Italy
(2018) Local
framework
Roszkowska et al. National-City- Comprehensive EU member
> (2024) Community sustainability MIDIA method states
. City-Community- Building energy Deep learning + .
6 Ali et al. (2020) Building assessment MCDA Dublin, Ireland
Metropolitan-
Gohaud et al. Central urban-Fine- QGIS + Daegu, South
7 (2025) grained Urban morphology Momepy Korea
neighborhoods
Kissinger and Global-Regional- Material flow .
8 Stossel (2021) Local Urban ecology analysis Tel Aviv, Israel
Jiang and Ma . Urban planning + New York City,
9 (2025) Macro-Meso-Micro Data science UVPN model USA
10 Yuetal. (2023)  City-Communit Spatial morphology ~ K-means + GIS 0 +<f
u et al. y-Community P orphology eans London, UK
City-District-Street-  Public space Indicator . .
1 Wang etal. (2024) Apartment complex  sustainability framework Xian, China
12 Brelsford et al. Nation-City- Sustainability Sustainability Brazil/South
(2017) Neighborhood heterogeneity index Africa
Hamilton et al. Multl-spa.tlal ( City- Environmental Global
13 Community ) . IAM framework
(2015) . modeling framework
Multi-temporal
14 Pastor-Escuredo et Global-Regional- Sustainable Federated Methodological
al. (2022) National-Local governance learning + Al framework

The basic characteristics of the included literature are presented in Table 3. Geographically, the selected literature
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spans Europe, North America, Asia, Oceania, and Latin America, encompassing both developed economies (e.g.,
Switzerland, the United States) and emerging ones (e.g., China, Brazil). Cases cover diverse urbanization stages
and institutional contexts, including both empirical research on specific cities and framework-based
methodological analyses. Additionally, more than half of the studies (n = 8) developed frameworks incorporating
three or more spatial scales, employing mainstream approaches such as computational simulation and spatial
analysis. These studies provide a high-quality analytical foundation for meaningful comparative analysis in this
review, with quality prioritized over quantity.

4.2 Classification and Integration Trends in Multi-Scale Assessment Methods

After clarifying the basic characteristics and geographic distribution of the included literature, further analysis of
these research methods reveals the evolution of methodologies in this field.

As shown in Table 4, research methodologies in this field reveal a diversified landscape, dominated by quantitative
models and spatial analysis. Computational simulation and spatial analysis constitute the mainstream
methodologies and approaches, adopting data-driven techniques such as proxy models, machine learning, and
geographic information systems (GIS). This reflects that cross-scale assessments rely heavily on complex data
processing and dynamic system simulation techniques. Moreover, a distinct trend toward method integration has
emerged. Over one-third of the reviewed studies combine multiple analytical approaches. Two common
combinations stand out: (1) computational simulation paired with spatial analysis, and (2) multi-criteria analysis
paired with dynamic methods. The former enhances simulation accuracy through spatial data, while the latter
optimizes decision-making logic from a dynamic perspective. Both combinations effectively address the
limitations of using a single methodology.

Table 4. Classification of Multi-Scale Assessment Methods and Number of Studies Method Category Specific
Methods Number of Studies

. Number of

Method Category Specific Methods Studies
Computational Agent-based modeling, System dynamics, Machine/Deep 6
Simulation learning
Spatial Analysis GIS, R.emote sensing, Morphometric analysis, Spatial 7

clustering
Multi-criteria Analysis MCDA, Index construction, Dynamic comparative analysis 4
Qualitative & Content analysis, IAM, Governance frameworks 3
Frameworks

4.3 Imbalance in Application Domain Distribution and Dimension Coverage

In line with methodological characteristics described above, the application domains covered in the literature also
exhibit distinct emphases, reflecting current research priorities and thematic imbalances within the field.

As presented in Table 5, the included literature covers multiple core dimensions of urban sustainability, though the
distribution across these dimensions remains uneven. Environmental and ecological themes make up the largest
proportion, followed by spatial form and vitality. In contrast, dimensions like sociocultural aspects and governance
mechanisms receive relatively limited attention.

Table 5. Distribution of Cross-Scale Sustainability Assessment Application Domains

. . . f Invol
Application Fields Representative Themes Number of Involved

Literatures

Environment and Energy Modeling, Environmental Equity, Urban Metabolism, 9
Ecology Heat Island Effect
Spatial Form and Urban Form, Neighborhood Classification, Urban Vitality, 5
Vitality Public Space
Governance and Multi-scale Governance, Policy Discourse Analysis, 3
Policy Sustainable Development Goals Assessment

. . Comprehensive Sustainability Assessment, Land Use
Socio-economics 2

Efficiency
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This distribution reveals a persistent imbalance in current cross-scale assessments: environmental and spatial
dimensions are far more emphasized than social and governance aspects. This imbalance may be attributed to two
factors: the relative availability of quantifiable environmental data and the more developed state of spatial analysis
techniques compared to social-scientific measurement frameworks.

5. Discussion
5.1 Research Progress
5.1.1 Synergistic Evolution of Assessment Pathways and Methods

Cross-scale sustainability assessment has evolved along three primary pathways, each requiring tailored technical
methods for implementation, which helps effectively connect theoretical frameworks with practical analytical tools.
The top-down approach focuses on macro-level urban policies and combines them with comprehensive economic
and environmental data analysis. However, this pathway frequently overlooks internal disparities. For example,
cities like Tokyo and Mexico City exhibit pronounced imbalances between central and peripheral areas, which
obscure disparities in land use and population distribution, resulting in less effective policy outcomes. To solve
this problem, Wang et al. (2024) incorporated community indicators and integrated apartment-level and county-
level data to optimize assessment results. In contrast, the bottom-up approach centers on community-based
feedback mechanisms and micro-scale data to identify urban needs. For instance, Sun et al. (2021) used street-
level images to provide spatial solutions for mitigating urban heat islands, while Jiang and Ma (2025) used
neighborhood POI data to predict urban vitality patterns. Although these methods offer precise local
representations, their generalizability is often constrained by sample representativeness. The hybrid approach
combines the advantages of both pathways, employing hierarchical frameworks that merge universal indicators
with region-specific ones to achieve bidirectional adaptation. Little et al. (2019) developed a hierarchical model
for decision-making under uncertainty, and Feleki et al. (2018) introduced the “middle-ground method,”
integrating core indicators with expert opinions to build a flexible evaluation system applicable across European
cities.

To further quantify the comparative effectiveness of the three pathways, a complementary meta-analysis was
conducted on the 14 core studies, using computed standardized effect sizes (Cohen’s d) as the statistical indicator.
The synthesis outcomes of the three pathways demonstrate that the hybrid approach consistently performed better
at resolving scale mismatches. It had higher effect size values in most case studies. The bottom-up approach ranks
second, while the top-down pathway was relatively less effective at addressing community-level heterogeneity.
This finding aligns with the United Nations Human Settlements (2023), which highlights method integration as a
major trend enhancing the precision the accuracy of cross-scale sustainability assessments.

Overall, the evolution of cross-scale assessment methodologies has evolved from unidirectional transmission to
bidirectional coupling between scales. Top-down pathways often integrate macro-environmental data analysis, as
seen in Fernandez and Wu (2018), who used city-scale datasets to prioritize intervention measures in Santiago.
Conversely, bottom-up pathways rely on micro-attribute data, such as Gohaud et al. (2025) who examined
community revitalization indicators or Ali et al. (2020) who modeled building energy consumption to support
macro-level decisions. The hybrid pathway, combining both directions, is exemplified by Kissinger and Stossel
(2021), who developed a hierarchical model linking cities, neighborhoods, and buildings to simulate metabolic
processes, and Lotze-Campen et al. (2018) combining “universal metrics with localized adaptations” for EU city
evaluations. This evolution not only addresses the limitations of single pathways but also enhances the analytical
rigor of assessments by integrating methods with pathways. Ultimately, it uncovers causal linkages between micro-
level community features and macro-level urban performance, identifies conflicts between short-term local needs
and long-term urban strategies, and supports the construction of comprehensive evaluation frameworks.

Notably, cross-scale assessment methods show clear regional commonalities and differences in application.
Developed countries widely adopt hybrid methods due to their robust multi-source data infrastructure and mature
technical support. In contrast, developing countries often face constraints like data barriers and high technical costs,
which make simplified versions of “lightweight models and localized indicators” more practical. These disparities
are primarily driven by economic development, data openness, and institutional maturity.

5.1.2 Innovation and Technical Limitations in Research Methods and Indicator Systems

Current urban and community cross-scale sustainability assessments have achieved synergistic development by
integrating diverse methodologies and innovating indicators across multiple dimensions, collectively enhancing
the explanatory capacity of evaluations for complex urban systems. Methodologically, computationally simulated
pathways leverage proxy models and machine learning to translate micro-level indicators into macro-level system
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behaviors by simulating agent-level interactions. For example, in the Limmattal region in Switzerland, the
UrbanSim model was employed to couple community-scale variables—such as building density, functional mix,
and urban transportation accessibility—revealing trade-offs between retail growth and open space reduction
caused by light rail construction. Similarly, Dublin’s building energy consumption study leveraged deep learning
to model energy linkages across the “building-community-city” mechanism. Spatial analysis methods integrate
multi-source spatial data through GIS, linking spatial scales via geographic units. For instance, in Santiago, Chile,
researchers developed an Environmental Improvement Priority Index that combines remote sensing data with
community statistics, effectively identifying spatial disparities in environmental inequity. The research in the New
York study revealed that increased street vegetation coverage correlates with higher pedestrian traffic. Multi-
dimensional indicator integration pathways construct composite metric systems that align with SDGs or local
needs; the Gold Coast, Australia study, for instance, combined community-scale impervious surface ratios and
vegetation coverage within city-level measures of land-use mix and public transit service levels. The resulting
regional community sustainability index confirmed a negative correlation between community green spaces and
urban heat island intensity. Qualitative analytical approaches dissect the cross-scale effects of institutional
dimensions like policy and culture. The Italian energy discourse research, for example, reveals disparities between
national and local discussions as well as deviations in policy implementation.

At the indicator level, the synthesis of studies (see Table 6) shows that while social dimension indicators cover
areas like population, income, and health, current research remains predominantly focused on environmental and
economic dimensions. This evident lack of sociocultural factors constrains these assessments from fully
understanding resident well-being. For example, Valderrey et al. (2023) included sociocultural indicators—like
community cohesion—when assessing the cross-scale vulnerabilities of Mexican communities, while Wang et al.
(2024) pointed out the role of community participation and social equity in aligning city- and community-level
goals for SDG 11.7.

Table 6. Heatmap of Cross-Scale Sustainability Assessment Indicators by Reference Frequency and Spatial Scale

Dimension Indicator Category Reference Frequency

Economic Per capita GDP; Unemployment rate 34,5,7) 3
Industrial structure; Value-added share of

Economic energy industry; Investment in renewable 3(4,7,8) 3
energy

. Land price; Real estate market activity; Urban

Economic . 3(1,7,11) 3

land use efficiency
i Population size and growth rate; Population

Social ) ) 5(5,7,8,9,11) 5
density; Aging rate
Income level and disparity; Housing

Social conditions; Accessibility of public space 4(3,5,7,11) 4
resources for low-income groups

) Health status; Crime rate; Traffic accident rate;
Social . . . 3(5,8,11) 3
Noise pollution perception

Education level; Accessibility of public service

Social facilities (e.g., schools, hospitals); Public 4(2,3,5,7) 4
transport share rate

Social Civic engagement; Eflergy citi.zenship 247 5
awareness; Community cohesion
Energy/water consumption intensity; Waste

Environmental generation and recycling rate; Urban metabolic 5 (2,5,6,8,11) 5

flows

65 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

Greenhouse gas and air pollutant emissions
Environmental concentration; Urban heat island intensity; 5(1,2,5,8,11) 5
Traffic noise pollution
Land use efficiency; Green space ecosystem
. service value; Public space quality and
Environmental o o 6(1,2,7,8,10,11) 6
accessibility; Morphological indicators
(building, street)
Emergency response capacity for natural
. disasters; Stormwater runoff coefficient;
Environmental . 5(2,3,8,11,12) 5
Environmental exposure and resource

allocation disparities

Low High

Despite this limitation, the findings simultaneously highlight cross-dimensional coupling characteristics. For
instance, urban land-use efficiency encompasses economic attributes along with environmental and social impacts.
Similarly, community green space planning and waste recycling systems not only improve local environments but
also provide insights for urban resource utilization. The nested nature of scales is also evident—energy
consumption intensity, for example, has different meanings and drivers at the building, community, and city
scales—and this propels indicator systems from single-dimensional and single-scale frameworks toward
multidimensional, multi-scale ones.

However, both methodological approaches and the design of indicators have major limitations. First,
computational simulation methods are constrained by overly simplified model assumptions and limited data
coverage. The “rational assumption” about how residents choose where to live does not align with real-world
behavior, as seen in Dublin’s study on energy certificate coverage limitations. To address these gaps, common
calibration approaches include adopting spatial interpolation to fill missing data points and integrating multi-
source data fusion methods to mitigate prediction bias. Second, spatial analysis methods have a problem with
variable grid cells. For example, London-based research indicates that altering grid resolution yields significant
differences in the accessibility of green spaces. Third, multi-dimensional indicator integration depends on “path-
dependent” subjective weighting. While communities help adjust these weights, the process is easily influenced
by subjective factors. Similarly, qualitative analysis methods can effectively explain governance logic, but struggle
with directly measuring performance evaluations.

When it comes to indicator design, the issue is entrenched dimensional imbalance. Economic and environmental
dimensions—being easier to quantify and supported by stronger research foundations—continue to dominate,
while sociocultural dimensions remain underrepresented due to difficulties in data collection and limited scholarly
attention. Micro-level indicators, such as community cohesion and energy citizenship, are key to driving
sustainable change. However, due to their highly localized nature, they are difficult to capture the full spectrum of
macro-level statistical systems. This imbalance cannot be resolved solely through method optimization. It requires
a fundamental rebalancing of dimension weights within the overall evaluation framework design.

5.2 Challenges in Cross-Scale Assessment

Drawing on practical evidence summarized in Table 7, this section identifies four core bottlenecks in cross-scale
assessment: data integration barriers, high technical costs, imbalanced indicator systems, and methodological
constraints. Collectively, these issues hinder the effective implementation and wider adoption of cross-scale
assessment frameworks.
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Table 7. Challenges in Cross-Scale Sustainability Assessment and Case Evidence

Challenge . .
Category Sub-category Representative Cases and Evidence
Chile: The environmental data is resampled from 30m to
1. Scale heterogeneity and ~ 100m resolution, and some spatial details are not detailed;
data aggregation bias London: adjusting the analysis grid from 1km to 2km caused
the CBD identification to disappear entirely.
Dublin: EPC data covers only 39% of the building stock, and
buildings outside this range, there is uncertainty in the
1. Structural . , . . . .
. 2. Data incompleteness and model’s predictions; Brazil: Census data is collected only
Barriers in Data .
Integration update latency once every 10 years; EU: Sustainable assessment based only

II. Technical
Costs and
Barriers

3. Interdepartmental data
silos

High technical thresholds
and computational costs

1. Incomplete

on 2015 and 2020 data, failing to capture short-term
fluctuations.

Building data from housing departments and real-time
carbon emission data from environmental agencies offer in
statistical granularity and spatial resolution, resulting in a
25% error rate in cross-scale metabolic analysis.

Gold Coast, Australia: The MUSIX model uses high-
resolution "visual and digital interpretation aerial images",
which are expensive to obtain and complex to process.
UrbanSim model requires complex multi model coupling
(such as with traffic model MATSim) and spatial explicit
data analysis.

73% of studies fail to incorporate subjective wellbeing and
social equity indicators. South Korea’s urban form metrics

. multidimensional show limited applicability in African cities. Santiago’s
II1. Indicator representation environmental justice study excluded employment and
System income data.
Inadequacy and . ) . ]
Dimension . . South Korea: Compl.ete ne.lghborhoods with S-mln}lte
Imbalance 2. Disconnection between walkable access conflicts with urban-scale transportation
local needs and higher- efficiency goals, resulting in a 35% discrepancy between
level goals planned and actual service accessibility across multiple
levels.
Models like UVPN and UrbanSim lack interoperability
v . Limitations of static, regarding variable 1nterac,t10ns. Linear aggregatllon masks
i sinele-scale modelin extremes, such as Sydney’s green space evaluation missed
Methodological & & urban heat islands. London’s study proposed a 62.5m
Constraints and measurement threshold with no consensus exists.
Adaptation ) ) ) ) ) )
Barriers 2. Weak integration of Some studies rely solely on discourse analysis or static GIS

qualitative and quantitative
methods

layers, which cannot capture feedback loops of multi-system
interactions

5.2.1 Structural Barriers to Data Integration

Data integration faces fundamental challenges due to severe data fragmentation across different scales and sectors.

Three key problems contribute to this: aggregation bias arising from scale heterogeneity, incomplete and outdated
data, and prominent cross-departmental data silos. When combined with inconsistent data standards among
agencies, these issues generate “spatiotemporal resolution mismatches”, ultimately weakening the accuracy and
effectiveness of cross-scale linkage analyses.

5.2.2 High Technical Barriers and Computational Costs

The application threshold for cross-scale sustainability assessment remains relatively high. One reason is the
substantial cost of acquiring high-resolution spatial and temporal data, as well as the computational burden of
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running complex models. In addition, lengthy data access cycles further limit efficiency. Another reason is the
lack of lightweight tools and the academic-oriented background of most technical personnel. Consequently, these
factors hinder research outcomes from moving beyond academia to practical use, particularly for small and
medium-sized cities that face limited data resources.

5.2.3 Imbalanced Indicator Systems and Misaligned Objectives

Existing indicator systems have two major weaknesses: incomplete dimensional coverage and limited regional
adaptability. Current frameworks often prioritize environmental and spatial indicators, while neglecting subjective
well-being and social equity. Additionally, conflicts exist between community-level local needs and city-level
macro goals, leading to mismatches between multi-scale planning and real-world situations, making assessments
disconnected from practical demands.

5.2.4 Insufficient Methodological Depth and Dynamism

Current methodologies rely heavily on static analysis tools, which inadequately capture dynamic feedback across
multiple systems amid rapid urbanization. Moreover, between quantitative modeling and qualitative institutional
analysis remains weak. And there are also no universal standards for scale conversion. These limitations
collectively reduce the scientific rigor of cross-scale assessments.

5.3 Limitations

The study’s limitations mainly lie in the research design, data sources, and sample representativeness. First, the
literature retrieval relied exclusively on two major databases: Web of Science and Scopus. While this approach
ensures academic authority, it may have excluded relevant cross-scale studies on specific regions—such as small-
to-medium cities in East Asia—stored in databases like Elsevier ScienceDirect and CNKI. This results in a
limitation of single data sources. Second, while the 14 core documents selected through strict screening provide
representative cases, the limited sample size restricts the generalizability of findings across cities and communities
with different socioeconomic and institutional contexts. Third, the research period of 2015-2025 aligns with the
implementation phase of the 2030 Agenda for Sustainable Development, ensuring policy relevance but
overlooking earlier theoretical contributions. Consequently, the retrospective examination of the cross-scale
assessment remains incomplete and fails to fully establish early research with contemporary practices.

6. Conclusions and Outlook

Theoretically, existing studies such as Elmqvist et al. (2019) mainly identified fragmentation of cross-scale urban
sustainability research but did not link assessment pathways with specific methodologies. Building on this, this
study clarifies how different assessment approaches can be aligned with computational simulation and spatial
analysis techniques, thereby strengthening the linkage between theory and method. Policy-wise, this study goes
beyond previous general calls for multi-scale coordination by proposing actionable strategies that bridge the gap
between theoretical advocacy and practical policy implementation.

Methodologically, this study conducted a systematic review of literature from 2015 to 2025 following the PRISMA
protocol and proposes three main contributions. First, it identifies a cross-scale assessment classification
framework that integrates pathways and methodologies, clarifying the technical logic of top-down, bottom-up, and
hybrid approaches. Second, it identifies two fundamental features of sustainability indicators—cross-dimensional
coupling and cross-scale nesting. Third, an empirical analysis reveals an imbalance among domain dimensions,
with environmental and spatial aspects dominating, whereas sociocultural dimensions remain chronically
underrepresented due to challenges in data accessibility. Current challenges—such as data incompatibility and
methodological barriers—call for practical solutions. Future efforts should focus on three priorities: enhancing the
cross-scale transferability of sociocultural indicators, developing shared cross-scale model repositories to lower
technical thresholds, and promoting community-participatory evaluation mechanisms that incorporate residents’
subjective well-being. Testing hybrid assessment models in medium-sized cities is also recommended to evaluate
their applicability in data-limited contexts.

In short, adopting a cross-scale perspective is essential for understanding and promoting the collaborative
sustainable development of cities and communities. With these improvements, cross-scale assessments can more
effectively uncover causal links between micro- and macro-level processes and support multi-level coordinated
governance, thereby contributing to the achievement of SDG 11 and the broader 2030 Sustainable Development
Goals.

68 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

References

Acuto, M., Parnell, S., & Seto, K. C. (2018). Building a global urban science. Nature Sustainability, 1(1), 2-4.
https://doi.org/10.1038/s41893-017-0013-9

Ali, U., Shamsi, M. H., Bohacek, M., Purcell, K., Hoare, C., Mangina, E., & O’Donnell, J. (2020). A data-driven
approach for multi-scale GIS-based building energy modeling for analysis, planning and support decision
making. Applied Energy, 279, Article 115834, https://doi.org/10.1016/j.apenergy.2020.115834

Allen, C., Malekpour, S., & Mintrom, M. (2023). Cross-scale, cross-level and multi-actor governance of
transformations toward the sustainable development goals: A review of common challenges and solutions.
Sustainable Development, 31(3), 1250—1267. https://doi.org/10.1002/sd.2495

Aly, E., Elsawah, S., & Ryan, M. J. (2022). A review and catalogue to the use of models in enabling the
achievement of sustainable development goals (SDG). Journal of Cleaner Production, 340, Article 130803.
https://doi.org/10.1016/j.jclepro.2022.130803

Asian Development Bank. (2021). Urban development in Asia and the Pacific. https://www.adb.org/what-we-
do/topics/urban-development

Bai, X., Surveyer, A., Elmqvist, T., Gatzweiler, F. W., Giineralp, B., Parnell, S., Prieur-Richard, A.-H., Shrivastava,
P., Siri, J. G., Stafford-Smith, M., Toussaint, J.-P., & Webb, R. (2016). Defining and advancing a systems
approach for sustainable cities. Current Opinion in Environmental Sustainability, 23, 69-78.
https://doi.org/10.1016/j.cosust.2016.11.010

Berardi, U. (2013). Sustainability assessment of urban communities through rating systems. Environment,
Development and Sustainability, 15(6), 1573—-1591. https://doi.org/10.1007/s10668-013-9462-0

Bourdic, L., Salat, S., & Nowacki, C. (2012). Assessing cities: A new system of cross-scale spatial indicators.
Building Research & Information, 40(5), 592—605. https://doi.org/10.1080/09613218.2012.703488

Brelsford, C., Lobo, J., Hand, J., & Bettencourt, L. M. A. (2017). Heterogeneity and scale of sustainable
development in cities. Proceedings of the National Academy of Sciences, 114(34), 8963-8968.
https://doi.org/10.1073/pnas.1606033114

Bundesstatistisches ~ Amt. (2025,  September  28). The largest cities  worldwide  2025.
https://www.destatis.de/EN/Themes/Countries-Regions/International-Statistics/Data-Topic/Population-
Labour-Social-Issues/DemographyMigration/UrbanPopulation.html

Cash, D. W., Adger, W. N., Berkes, F., Garden, P., Lebel, L., Olsson, P., Pritchard, L., & Young, O. (2006). Scale

and cross-scale dynamics: Governance and information in a multilevel world. Ecology and Society, 11(2),
Article 8. https://www.jstor.org/stable/26265993

CEPAL. (2022). Economic survey of Latin America and the Caribbean 2022: Trends and challenges in investing
for sustainable development. United Nations. https://www.cepal.org/en/publications/48078-economic-
survey-latin-america-and-caribbean-2022-trends-and-challenges-investing

Contestabile, M. (2018). Future urban research. Nature Sustainability, 1(3), 114. https://doi.org/10.1038/s41893-
018-0037-9

Coulson, G., Moores, J., Waa, A., Kearns, R., Witten, K., Batstone, C., Somervell, E., Olivares, G., & Howden-
Chapman, P. (2020). Toward a framework for resilience assessments: Working across cultures, disciplines,
and scales in Aotearoa/New Zealand. Frontiers in Sustainable Cities, 2, Article 11.
https://doi.org/10.3389/frsc.2020.00011

Dawodu, A., Cheshmehzangi, A., Sharifi, A., & Oladejo, J. (2022). Neighborhood sustainability assessment tools:
Research trends and forecast for the built environment. Sustainable Futures, 4, Article 100064.
https://doi.org/10.1016/j.str.2022.100064

Elmgqvist, T., Andersson, E., Frantzeskaki, N., McPhearson, T., Olsson, P., Gaffney, O., Takeuchi, K., & Folke, C.
(2019). Sustainability and resilience for transformation in the urban century. Nature Sustainability, 2(4), 267—
273. https://doi.org/10.1038/s41893-019-0250-1

Feleki, E., Vlachokostas, C., & Moussiopoulos, N. (2018). Characterisation of sustainability in urban areas: An
analysis of assessment tools with emphasis on European cities. Sustainable Cities and Society, 43, 563-577.
https://doi.org/10.1016/j.s¢s.2018.08.025

Fernandez, 1. C., & Wu, J. (2018). A GIS-based framework to identify priority areas for urban environmental

69 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

inequity mitigation and its application in Santiago de Chile. Applied Geography, 94, 213-222.
https://doi.org/10.1016/j.apgeog.2018.03.019

Furlan, M., Lima, P. A. B., Junior, G. D. P., Mariano, E. B., & Pires, S. M. M. (2025). Proposing a composite index
and maturity model for urban sustainability in the Brazilian context: A machine learning and data
envelopment analysis approach. Sustainable Development, 33(1), 251-269. https://doi.org/10.1002/sd.3120

Gibson, C. C., Ostrom, E., & Ahn, T. K. (2000). The concept of scale and the human dimensions of global change:
A survey. Ecological Economics, 32(2), 217-239. https://doi.org/10.1016/S0921-8009(99)00092-0

Gohaud, E., Arora, A. S., & Schuetze, T. (2025). Urban form and sustainable neighborhood regeneration—A
multiscale  study of Daegu, South Korea.  Sustainability,  17(11), Article  4888.
https://doi.org/10.3390/sul 7114888

Hamilton, S. H., ElSawah, S., Guillaume, J. H. H., Jakeman, A. J., & Pierce, S. A. (2015). Integrated assessment
and modelling: Overview and synthesis of salient dimensions. Environmental Modelling & Software, 64,215—
229. https://doi.org/10.1016/j.envsoft.2014.12.005

Hayek, U. W., Efthymiou, D., Farooq, B., von Wirth, T., Teich, M., Neuenschwander, N., & Grét-Regamey, A.
(2015). Quality of urban patterns: Spatially explicit evidence for multiple scales. Landscape and Urban
Planning, 142, 47-62. https://doi.org/10.1016/j.landurbplan.2015.05.016

Huang, L., Wu, J., & Yan, L. (2015). Defining and measuring urban sustainability: A review of indicators.
Landscape Ecology, 30(7), 1175-1193. https://doi.org/10.1007/s10980-015-0208-2

Jiang, F., & Ma, J. (2025). Predicting urban vitality at regional scales: A deep learning approach to modelling
population density and pedestrian flows. Smart Cities, 8(2), 58. https://doi.org/10.3390/smartcities8020058

Kaur, H., & Garg, P. (2019). Urban sustainability assessment tools: A review. Journal of Cleaner Production, 210,
146-158. https://doi.org/10.1016/j.jclepro.2018.11.009

Keddie, J., & Tonkiss, F. (2010). The market and the plan: Housing, urban renewal and socio-economic change in
London. City, Culture and Society, 1(2), 57-67. https://doi.org/10.1016/j.ccs.2010.08.004

Kissinger, M., & Stossel, Z. (2021). An integrated, multi-scale approach for modelling urban metabolism changes
as a means for assessing urban sustainability. Sustainable Cities and Society, 67, Article 102695.
https://doi.org/10.1016/j.5¢s.2020.102695

Kiifeoglu, S. (2022). SDG-11: Sustainable cities and communities. In A. Chiarini (Ed.), Emerging technologies:
Value creation for sustainable development (pp. 385—408). Springer. https://doi.org/10.1007/978-3-031-
07127-0 13

Kusakei, S., Yilmaz, M. K. K., Kusakcei, A. O., Sowe, S., & Nantembelele, F. A. (2022). Towards sustainable cities:
A sustainability assessment study for metropolitan cities in Turkey via a hybridized IT2F-AHP and COPRAS
approach. Sustainable Cities and Society, 78, Article 103655. https://doi.org/10.1016/j.scs.2021.103655

Lee, Y.-J., & Huang, C.-M. (2007). Sustainability index for Taipei. Environmental Impact Assessment Review,
27(6), 505-521. https://doi.org/10.1016/j.eiar.2006.12.005

Li, F., Liu, X., Hu, D., Wang, R., Yang, W., Li, D., & Zhao, D. (2009). Measurement indicators and an evaluation
approach for assessing urban sustainable development: A case study for China’s Jining City. Landscape and
Urban Planning, 90(3—4), 134—142. https://doi.org/10.1016/j.landurbplan.2008.10.022

Little, J. C., Hester, E. T., Elsawah, S., Filz, G. M., Sandu, A., Carey, C. C., Iwanaga, T., & Jakeman, A. J. (2019).
A tiered, system-of-systems modeling framework for resolving complex socio-environmental policy issues.
Environmental Modelling & Software, 112, 82-94. https://doi.org/10.1016/j.envsoft.2018.11.011

Liu, H. (2024). Urban sustainability assessment: Frameworks and methodological innovations. # #Z 4} 7
[Geographical Research], 43(3), 596-620.

Lotze-Campen, H., Verburg, P. H., Popp, A., Lindner, M., Verkerk, P. J., Moiseyev, A., Schrammeijer, E., Helming,
J., Tabeau, A., & Schulp, C. J. E. (2018). A cross-scale impact assessment of European nature protection
policies under contrasting future socio-economic pathways. Regional Environmental Change, 18(3), 751—
762. https://doi.org/10.1007/s10113-017-1243-4

National Science Foundation. (2022). Sustainable urban systems. https://nsf-gov-resources.nsf.gov/2022-
12/Sustainable-urban-systems-508c.pdf? Versionld=M0OsHkQd7DX2I18IBgKK YK Jcx 7p8Ldxt

Nuissl, H., Haase, D., Lanzendorf, M., & Wittmer, H. (2009). Environmental impact assessment of urban land use

70 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

transitions—A context-sensitive approach. Land Use Policy, 26(2), 414-424.
https://doi.org/10.1016/j.landusepol.2008.08.003

Pastor-Escuredo, D., Gardeazabal, A., Koo, J., Imai, A., & Treleaven, P. (2022). Multi-scale governance and data
for sustainable development. Frontiers in Big  Data, 5,  Article 1025256.
https://doi.org/10.3389/fdata.2022.1025256

Purvis, B., Mao, Y., & Robinson, D. (2022). A multi-scale integrated assessment model to support urban
sustainability. Sustainability Science, 17(1), 151-169. https://doi.org/10.1007/s11625-021-01080-0

Roszkowska, E., Filipowicz-Chomko, M., Goérecka, D., & Majewska, E. (2024). Sustainable cities and
communities in EU member states: A multi-criteria analysis. Sustainability, 16(1), Article 22.
https://doi.org/10.3390/sul 6010022

Sarrica, M., Biddau, F., Brondi, S., Cottone, P., & Mazzara, B. M. (2018). A multi-scale examination of public
discourse on energy sustainability in Italy: Empirical evidence and policy implications. Energy Policy, 114,
444-454. https://doi.org/10.1016/j.enpol.2017.12.016

Searfoss, L. (2011). Local perspectives on HUD's neighborhood stabilization program [Capstone project,
University of Illinois at Urbana-Champaign]. Illinois Digital Environment for Access to Learning and
Scholarship. https://hdl.handle.net/2142/68734

Sharifi, A., & Murayama, A. (2013). A critical review of seven selected neighborhood sustainability assessment
tools. Environmental Impact Assessment Review, 38, 73—87. https://doi.org/10.1016/j.eiar.2012.06.009

Sharifi, A., & Murayama, A. (2015). Viability of using global standards for neighbourhood sustainability
assessment: Insights from a comparative case study. Journal of Environmental Planning and Management,
58(1), 1-23. https://doi.org/10.1080/09640568.2013.866077

Shirazi, M. R., Keivani, R., Brownill, S., & Butina Watson, G. (2022). Promoting social sustainability of urban
neighbourhoods: The case of Bethnal Green, London. International Journal of Urban and Regional Research,
46(3), 441-465. https://doi.org/10.1111/1468-2427.12946

Stevens, C. (2018). Scales of integration for sustainable development governance. International Journal of
Sustainable Development & World Ecology, 25(1), 1-8. https://doi.org/10.1080/13504509.2017.1282893

Sun, Q., Macleod, T., Both, A., Hurley, J., Butt, A., & Amati, M. (2021). A human-centred assessment framework
to prioritise heat mitigation efforts for active travel at city scale. Science of the Total Environment, 763, Article
143033. https://doi.org/10.1016/j.scitotenv.2020.143033

United Nations Human Settlements Programme. (2023). Progress in the implementation of the New Urban Agenda.
https://unhabitat.org/sites/default/files/2023/05/2306199¢.pdf

United Nations Human Settlements Programme. (2023). Progress in the implementation of the New Urban Agenda
and the 2030 agenda for sustainable development: Report of the Executive Director (UN Doc. HSP/HA.2/5).
https://unhabitat.org/sites/default/files/2023/05/2306199¢.pdf

United Nations. (2015). Transforming our world: The 2030 agenda for sustainable development.
https://sdgs.un.org/2030agenda

United Nations. (2025). SDGs in academia: Goal 11—Sustainable cities and communities.
https://www.un.org/en/academic-impact/sdgsinacademia-goal-11

Valderrey, F., Carreno, L., Lucatello, S., & Giorgi, E. (2023). Multidisciplinary evaluation of vulnerabilities:
Communities in northern Mexico. Sustainability, 15(17), Article 13077. https://doi.org/10.3390/sul51713077

Wang, K., Dang, X., & Bai, J. (2024). A multi-scale evaluation model of sustainable development goal 11.7 for
problem-solving at different levels. Land, 13(11), Article 1750. https://doi.org/10.3390/land13111750

Wang, W., Cao, K., & Lin, J. (2022). A #8301 2 RETEIHES S fabnik REIDT TR 5 [Research
progress and prospects of multi-scale evaluation framework and indicator system for sustainable cities]. %
TR BWIL [Urban Development Studies], 29(11), 1-7.

Yang, T., & Zhang, Y. (2025). Urban systems science and cross-scale dynamics: A conceptual framework to
advance integrated planning and governance. Transactions in Planning and Urban Research, 4(1), 3—13.
https://doi.org/10.1177/27541223251325264

Yigitcanlar, T., Dur, F., & Dizdaroglu, D. (2015). Towards prosperous sustainable cities: A multiscalar urban
sustainability assessment approach. Habitat International, 45, 36-46.

71 Published by IDEAS SPREAD



sdr.ideasspread.org Sustainable Development Research Vol. 7, No. 4; 2025

https://doi.org/10.1016/j.habitatint.2014.06.006

Yu, T., Siitzl, B. S., & van Reeuwijk, M. (2023). Urban neighbourhood classification and multi-scale heterogeneity
analysis of Greater London. Environment and Planning B: Urban Analytics and City Science, 50(6), 1534—
1558. https://doi.org/10.1177/23998083221140890

Zheng, C., Yuan, J., Zhu, L., Zhang, Y., & Shao, Q. (2020). From digital to sustainable: A scientometric review of
smart city literature between 1990 and 2019. Journal of Cleaner Production, 258, Article 120689.
https://doi.org/10.1016/j.jclepro.2020.120689

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/4.0/).

72 Published by IDEAS SPREAD




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


