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Abstract: Rapid urbanization and climate change are intensifying extreme climate events such as heat waves and 
air pollution episodes, and energy stress in cities. These interconnected risks disproportionately affect residents, 
especially vulnerable groups, and have pushed environmental justice and energy justice to the forefront of climate-
adaptive urban planning. Drawing on journal articles indexed in the Web of Science Core Collection from 1996 
to 2025, this study systematically reviews the evolution of environmental and energy justice concepts in climate-
adaptive urban planning. The review identifies persistent inequities in exposure to heat and air pollution, access to 
green and cooling services, and disparities in energy efficiency and resilience during and after climate events. In 
response, multi-scale strategies have emerged, including spatial planning, low-carbon infrastructure, cooling 
service and clean-energy deployment. Yet current research and practice still emphasize physical environmental 
modifications and engineering resilience, with limited attention to structural issues such as social vulnerability and 
unequal resource distribution. This study calls for a shift from single-factor optimization to equity-driven systemic 
governance and highlights environmental and energy justice as a critical pathway toward resilient and low-carbon 
urban development, offering actionable insights for researchers and policymakers alike. 
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1. Introduction 

With the intensification of global climate change and rapid urbanization, cities have become epicenters of 
escalating environmental and socioeconomic risks, facing compound disaster threats such as extreme heat, 
flooding, deteriorating air quality and energy pressures. The Intergovernmental Panel on Climate Change (IPCC) 
Sixth Assessment Report projects that continued global warming will further increase the frequency and intensity 
of extreme weather events. Meanwhile, uneven urban development has led to spatial isolation and social 
stratification, intertwined with escalating climate and energy risks [1]. This exacerbates the health and welfare 
burdens borne by residents, particularly vulnerable groups such as the elderly, low-income households and outdoor 
workers, thereby intensifying patterns of inequity within urban environments [2]. 

The concept of environmental justice, which originated from civil rights movements initiated by ethnic 
minorities in the United States during the 20th century in response to the placement of polluting facilities, has 
evolved into a comprehensive framework for analyzing the distributional, recognitional and procedural dimensions 
of environmental burdens and benefits [3–5]. In urban contexts, environmental justice research has broadened 
from its original focus on pollution exposure to include access to environmental infrastructures such as green 
space, cooling services and healthy living conditions [6–8], thereby providing a powerful lens for assessing how 
urban planning decisions shape both risks and benefits for different social groups. 

While environmental justice has long focused on the uneven distribution of environmental burdens and 
benefits, energy justice provides a complementary perspective that centers on fairness within energy production, 
access and consumption [9–11]. Yet urban planning decisions on land use, building form and infrastructure 
deployment directly shape energy access, affordability and distribution [12,13]. As climate adaptation increasingly 
intersects with energy use, housing energy performance, and access to clean technologies, the complementarities 
between the two frameworks have become essential for achieving equitable urban resilience. 

Integrating environmental and energy justice perspectives is particularly salient for climate-adaptive urban 
planning, where interventions in the built environment simultaneously affect exposure to climatic hazards and 
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patterns of energy use [14,15]. Nevertheless, prevailing studies and practices remain predominantly focused on 
physical environmental modifications and engineering resilience, with insufficient attention to structural drivers 
of social vulnerability, unequal resource distribution and energy justice dimensions [4]. 

In view of these gaps, we conduct a structured review of studies indexed in the Web of Science (WOS) Core 
Collection. This paper categorizes and discusses relevant measures, integrating recent developments into a 
coherent conceptual framework, identifies emerging patterns of inequity in climate and energy adaptation, and 
discusses their implications for future urban planning and policy. The study provides researchers and practitioners 
with a comprehensive understanding of how justice-oriented perspectives can inform the design of equitable, 
resilient and low-carbon urban systems. 

2. Materials and Methods 

This study adopts a structured review methodology to synthesize the evolution of environmental and energy 
justice research in the context of climate-adaptive urban planning. The WOS Core Collection was selected as the 
sole database, given its comprehensive coverage of internationally recognized journals across environmental 
studies, urban planning, energy systems and the social sciences. The literature search was conducted in the Web 
of Science Core Collection database, covering the period from 1996 to 2025. We explicitly applied Boolean 
keyword combinations consisting of three conceptual groups: (1) environmental and energy justice terms 
(“environmental justice”, “climate justice”, equity, justice, vulnerability); (2) adaptation-related terms (“climate 
adaptation”, “adaptation”, “climate resilience”); and (3) urban spatial planning terms (“urban planning”, “urban 
development”, “urban built environment”). These terms were combined using AND/OR operators to ensure that 
selected studies simultaneously addressed justice perspectives, climate adaptation, and urban planning contexts. 
Only peer-reviewed journal articles written in English were retained. Reference lists of highly relevant papers were 
also examined to supplement the database results. After duplicate removal and screening, 154 journal articles were 
ultimately retained for analysis. 

After collecting the full set of eligible studies, we reviewed each article in detail to identify its primary focus 
and analytical orientation. This step involved examining how each study approached issues of climate risk, 
exposure, adaptation and recovery, as well as whether its emphasis lay in environmental conditions, social 
vulnerability, energy access or built environment performance. We grouped the literature according to the 
dominant processes through which inequities become visible, including differential exposure to climate hazards, 
uneven access to adaptive resources and disparities in recovery capacity. These recurring patterns formed the basis 
of the conceptual structure presented in Section 3, which synthesizes how environmental and energy justice 
concerns intersect across the stages of climate adaptation. 

The evolution shown in Figure 1 and Table 1 reflects a gradual but significant broadening of the field. Early 
emphasis was centered primarily on environmental burdens and exposure, with equity discussions appearing only 
intermittently. Over time, the rise of climate adaptation and vulnerability-related terms indicates a shift toward 
understanding climate impacts as socially differentiated processes rather than solely physical phenomena. The 
more recent emergence of energy justice signals further conceptual expansion, showing how energy access, 
affordability and infrastructural reliability have become integrated into debates on climate resilience. Together, 
these shifts suggest that justice concerns in urban planning have moved from isolated themes toward a more 
interconnected framework that links environmental conditions, social vulnerability and energy systems. 

Table 1. List of relevant keyword. 

Theme Categories Keyword Frequency Earliest Publication Date (Year) 

Environment-related Environmental Justice 48 2012 
Climate Change 32 2011 

Adaptive-related Adaptation 38 2013 

Equity-related Equity 70 1996 
Justice 78 2005 

Vulnerability-related Vulnerability 39 2014 
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Figure 1. Temporal evolution density map of relevant keywords (2005–2025). 

3. Inequity in Climate Adaptation and Energy Systems 

Inequities in climate adaptation and energy systems unfold across the interconnected stages of exposure, 
adaptation and recovery. These stages are shaped not only by the physical distribution of climatic hazards but also 
by structural disparities in social vulnerability, energy access and institutional capacity. A justice-oriented analysis 
requires tracing how disadvantages accumulate and intersect across these phases, creating layered vulnerabilities 
within urban systems. To conceptualize how these multidimensional injustices interact and how planning can 
respond, Figure 2 presents an integrated framework linking environmental and energy justice within climate-
adaptive urban planning. 

 

Figure 2. Conceptual Framework of environmental and energy justice in climate-adaptive urban planning. 

3.1. Exposure Inequities: Climate and Energy Risks 

Urban residents are differentially exposed to climate-related environmental hazards, particularly extreme heat 
and deteriorating air quality. Researches in various cities including China and the United States demonstrate clear 
spatial gradients: central districts, industrial zones and dense residential areas record systematically higher land 
surface temperatures and pollutant concentrations than suburban counterparts [8,16–18]. For instance, heatwave 
episodes have been shown to intensify ozone concentrations and exacerbate particulate matter exposure, forming 
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compound high-risk zones [19]. These areas often coincide with dense low-income neighborhoods and aging 
housing stock, magnifying the health burden on already vulnerable residents [20,21]. 

Exposure disparities cannot be understood through physical indicators alone. Age, income, occupation and 
housing conditions critically shape the degree of hazard exposure [22]. The elderly, children and outdoor workers 
are disproportionately affected due to reduced mobility, pre-existing health conditions and limited access to 
protective infrastructure [23–26]. Spatial analyses have revealed that districts with higher proportions of elderly 
or low-income populations consistently align with zones of heightened climatic exposure, illustrating how 
environmental and social vulnerabilities overlap [18,27–29]. 

Energy-related exposure refers to unequal conditions that shape residents’ ability to maintain safe indoor 
environments. These conditions include whether energy services are affordable for households, whether building 
insulation and ventilation can effectively protect residents from heat and pollution, and whether clean and reliable 
energy is accessible during periods of extreme climate stress. When one or more of these conditions are lacking, 
indoor thermal discomfort and household air pollution can accumulate, especially among elderly individuals, low-
income families and those living in poor-quality housing [30–32]. Therefore, energy poverty is not only an 
economic issue but also a critical determinant of climate exposure, as it shapes residents’ ability to maintain safe 
indoor environments during extreme heat and pollution events. 

These findings demonstrate a consistent pattern: spatially concentrated climatic hazards tend to overlap with 
socially vulnerable neighborhoods, forming “dual exposure” zones where environmental risks and socioeconomic 
disadvantages reinforce each other. Such coupled inequities highlight the need to consider environmental hazards 
and demographic sensitivity jointly, rather than as isolated phenomena. 

3.2. Adaptation Inequities: Unequal Access to Resources and Services 

Urban adaptation resources such as parks and blue–green infrastructure, are unevenly distributed across the 
urban landscape. Researches confirm that the quality and distribution of green spaces and open areas are 
significantly correlated with areas’ economic levels [33–35]. Empirical studies have demonstrated that even when 
green spaces are geographically proximate, disparities in their quality, accessibility and microclimatic performance 
often result in unequal benefits for different population groups [36–39]. Consequently, adaptation resources that 
should enhance resilience may reinforce existing patterns of spatial and social inequity. 

Parallel injustices are evident in the energy domain [40]. Projects promoting renewable energy deployment, 
energy-efficient building retrofits and electrified transportation often benefit high-income households with greater 
economic capacity, while vulnerable groups remain reliant on outdated appliances and fuel methods, facing higher 
energy costs and pollution risks [41]. Such inequities are further intensified by the uneven distribution of clean-energy 
infrastructure, such as solar installations, which is more prevalent in economically advantaged areas [42,43]. 

Adaptation inequities also stem from procedural shortcomings. Marginalized communities are often excluded 
from decision-making processes, resulting in policies that fail to reflect their needs and priorities [17,44]. In urban 
planning, achieving equitable formulation and implementation of environmental policies requires strengthening 
broad participation from citizens and community organizations. Cities should establish shelter infrastructure 
accessible to all residents, meeting their diverse needs that are both social and climate-resilient. 

In summary, the unequal distribution of adaptation resources and decision-making power means that the very 
measures designed to enhance resilience can inadvertently deepen social and spatial disparities, especially for those 
who are already most vulnerable. 

3.3. Recovery Inequities: Disparities in Post-Disaster Capacities 

The recovery phase following extreme climate events exposes pronounced inequities in the capacity of urban 
populations to cope with, respond to and recover from environmental and energy disruptions. While adaptation 
measures aim to reduce vulnerability before disasters occur, the effectiveness of recovery mechanisms largely 
determines the long-term resilience and social equity of urban systems. 

A major dimension of recovery inequity lies in the uneven spatial distribution of healthcare and social support 
services. Empirical research in large cities demonstrates persistent mismatches between areas of high climatic exposure 
and the availability of health-care infrastructure [8,45]. Core urban districts typically possess a dense concentration of 
hospitals and emergency services, whereas peripheral neighborhoods and low-income communities often experience 
chronic shortages despite facing higher exposure to heat waves, floods or air-pollution episodes [16]. Vulnerable 
groups such as the elderly and those with chronic illnesses are particularly disadvantaged, constrained by mobility 
limitations, poor housing conditions and inadequate medical support [46–48]. These spatial and demographic 
disparities undermine timely medical responses and exacerbate health risks alongside social inequities. 
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A further source of disparity arises from unequal energy resilience. Energy systems play a crucial role in 
post-disaster recovery, yet access to reliable and affordable energy remains highly uneven. Low-income families are 
least able to afford alternative energy sources, making them particularly vulnerable facing climate challenges [46]. 
In contrast, affluent districts with advanced energy infrastructure can maintain essential services and recover more 
rapidly, accentuating the gap in resilience. 

Ultimately, recovery capacity is strongly conditioned by existing social and infrastructural disadvantages, so 
climate shocks do not create new inequities but rather expose and magnify those that have long been embedded 
within the urban system. 

4. Responsive Strategies and Planning Pathways 

Addressing inequities in climate and energy adaptation requires urban planning to adopt justice-oriented, 
multi-scale and participatory approaches. Integrating environmental and energy justice principles into planning 
practice calls for strategies that simultaneously enhance spatial resilience, reduce social vulnerability and ensure 
equitable access to adaptive resources. Existing studies reveal three interrelated pathways through which urban 
planning can respond to unequal exposure, adaptation and recovery. 

First, spatial planning and design strategies serve as a fundamental mechanism for redistributing environmental 
and climatic benefits. At the city scale, the spatial configuration of green–blue infrastructure, ventilation corridors 
and water systems can be optimized to alleviate urban heat islands and air pollution while enhancing ecological 
connectivity [35,49,50]. Strategically locating urban parks, green roofs and ventilation corridors in high-risk and 
resource-deprived communities can provide both environmental and social benefits [33,51–53]. Studies in Belfast, 
Changzhou, Wuhan and Seoul demonstrate that prioritizing adaptive infrastructure in vulnerable districts improves 
both climatic resilience and spatial justice [49,54–56]. In the energy domain, integrating renewable energy 
installations within land-use and building design plans can provide energy resilience, reduce emissions and lower 
long-term costs for disadvantaged communities [57]. 

Second, community-scale and socially inclusive adaptation emphasizes localized interventions and participatory 
governance. Neighborhood-level urban renewal projects, such as pocket parks, shaded walkways and vertical 
greening, not only enhance thermal comfort but also promote environmental justice when integrated with social 
vulnerability mapping [58–62]. Participatory planning tools, including community surveys, resident perception 
assessments and public hearings, have proven effective in strengthening procedural justice by incorporating 
marginalized voices into adaptive design [63,64]. In parallel, targeting energy-efficiency retrofits for low-income 
housing and deploying community solar can directly address energy poverty, providing affordable and reliable access 
to clean energy [65]. These strategies bridge environmental and energy justice by linking spatial inclusion with energy 
accessibility and autonomy. 

Third, governance and methodological innovation underpin the long-term integration of justice in adaptation 
planning. Quantitative equity assessment frameworks, such as exposure-vulnerability-adaptation models and 
distributed risk maps, can enhance the ability to identify spatial mismatches between climate risks and adaptive 
resources [56,66–68]. Advances in geospatial technologies, remote sensing and big-data analytics (including social 
media and mobile signaling data) enable planners to monitor dynamic changes in heat exposure, pollution and 
energy demand in real time [37,69,70]. Embedding such data-driven equity assessment into planning decisions 
can guide resource allocation toward the most vulnerable populations. 

In sum, responsive planning for climate and energy justice entails a paradigm shift from technical adaptation 
toward systemic, justice-driven governance. By linking spatial, social and energy dimensions, urban planning can 
move from mitigating environmental risks to restructuring the distribution of adaptive capacity itself, thereby 
fostering cities that are not only resilient and low-carbon but also inclusive and just. 

5. Research Trends and Future Directions 

The integration of environmental and energy justice into climate-adaptive urban planning marks a 
paradigmatic shift in sustainable urban development. Over the past three decades, scholarship has evolved from 
diagnosing single-dimensional environmental inequities to advancing governance frameworks that operationalize 
justice in spatial and energy transitions. This review identifies the key trajectories that characterize this evolution 
and provide guidance for future research (Figure 3). 

Early research on climate adaptation primarily addressed physical environmental inequities, such as unequal 
exposure to urban heat, air pollution and flooding. Since the early 2010s, there has been a marked conceptual 
expansion from environmental justice toward integrated frameworks that combine environmental and energy 
justice. This transition reflects growing recognition that vulnerability is shaped not only by spatial exposure but 
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also by differential access to adaptive resources, infrastructure and energy services. As cities pursue low-carbon 
and climate-resilient development, understanding how environmental and energy systems jointly influence social 
vulnerability has become a central challenge. Future scholarship should therefore advance integrated framework 
that bridge urban planning, energy transition and social welfare, framing justice as both a normative goal and an 
operational principle in climate governance. 

 

Figure 3. Paradigm transformation pathways in climate-adaptive urban planning. 

Methodological innovation has also transformed the analytical landscape of justice-oriented urban studies. 
Traditional research relied on static and aggregated indicators, offering limited insight into intra-urban 
heterogeneity or temporal dynamics. In contrast, recent advances in geospatial modeling, remote sensing and 
machine learning enable high-resolution and multi-scalar analysis of exposure, vulnerability and adaptation. These 
techniques facilitate dynamic monitoring of heat, pollution and energy use, revealing evolving spatial disparities 
across neighborhoods and social groups. The integration of social, climate and energy datasets with data-driven 
methodologies can assist in evaluating how adaptation and mitigation policies redistribute benefits and burdens 
over time. 

Beyond methodological refinement, the justice-oriented turn in climate adaptation underscores the need for 
institutional transformation. Emerging studies have begun to introduce practical instruments such as vulnerability-
based zoning, environmental justice audits and participatory budgeting. However, empirical evaluation of these 
mechanisms remains limited, particularly regarding their effectiveness in reducing long-term vulnerability or 
promoting equitable energy access. Future research should explore how justice principles can be systematically 
embedded into planning regulations and evaluation frameworks. Comparative and longitudinal studies across 
different socio-political contexts are also needed to clarify how institutional settings mediate the operationalization 
of environmental and energy justice in urban planning. 

Future developments concerning environmental and energy justice will still require advancement in three 
areas: theory, methodology and institutional frameworks. Theoretically, there is a need to integrate environmental 
and energy justice into a cohesive framework that connects equity with resilience and sustainability transitions. 
Methodologically, there remains a need for multi-source, high-resolution datasets to reveal the dynamic 
interactions between climate disasters, urban morphology and social vulnerability. Practically, closer collaboration 
between scholars, policymakers, and communities is essential to translate justice-oriented principles into 
actionable planning tools. By pursuing these directions, future research can support cities in moving toward 
genuinely equitable, low-carbon and climate-adaptive urban futures. 

6. Conclusions 

This review has systematically examined the integration of environmental and energy justice into climate-
adaptive urban planning, highlighting the inequities in exposure, adaptation and recovery that exist within urban 
spatial structures and systems. By synthesizing nearly three decades of research, the study reveals that justice-
oriented perspectives have gradually evolved from diagnosing environmental inequities to proposing multi-
dimensional governance frameworks that embed justice within climate and energy transitions. The findings 
demonstrate that urban adaptation remains deeply uneven, as high-quality environmental and energy resources are 
severely inequitably distributed, while marginalized communities continue to experience deficits in access, 
functionality and participation. Although spatial planning, community-scale interventions and governance 
innovations have increasingly addressed these disparities, most adaptation practices still emphasize physical and 
technical resilience rather than distributive and procedural justice. Bridging this gap requires embedding justice 
principles at every stage of urban planning, so that adaptive capacity can be redistributed across social groups. The 
review also underscores the interdependence of environmental and energy systems in shaping urban resilience, 
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indicating that ensuring equitable access to clean, affordable and reliable energy is essential for both climate 
mitigation and adaptation. Future research should focus on integrating justice, resilience and sustainability into a 
unified theoretical framework, advancing multi-source and longitudinal methods to track dynamic inequities, and 
evaluating the outcomes of justice-based planning interventions. Ultimately, achieving climate-adaptive urban 
resilience is not only a technical challenge but also requires placing environmental and energy justice at the core 
of sustainable and inclusive urban transformation. 

Author Contributions: X.Y.: conceptualization, methodology, visualization, writing—original draft preparation; X.L.: 
validation, supervision; Y.W.: conceptualization, supervision, writing—reviewing and editing. All authors have read and 
agreed to the published version of the manuscript 

Funding: This research received no external funding. 

Institutional Review Board Statement: Not applicable.  

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: Given the role as Green Energy and Fuel Research, Y.W. had no involvement in the peer review of this 
paper and had no access to information regarding its peer-review process. Full responsibility for the editorial process of this 
paper was delegated to another editor of the journal. 

Use of AI and AI-Assisted Technologies: No AI tools were utilized for this paper. 

References 

1. Tóth, G.; Wachs, J.; Di Clemente, R.; et al. Inequality is rising where social network segregation interacts with urban 
topology. Nat. Commun. 2021, 12, 1143. 

2. Das, S.; Choudhury, M.R.; Chatterjee, B.; et al. Unraveling the urban climate crisis: Exploring the nexus of urbanization, 
climate change, and their impacts on the environment and human well-being–A global perspective. AIMS Public Health 
2024, 11, 963. 

3. Schlosberg, D. Defining Environmental Justice: Theories, Movements, and Nature; OUP Oxford: Oxford, UK, 2007. 
4. Langemeyer, J.; Connolly, J.J. Weaving notions of justice into urban ecosystem services research and practice. Environ. 

Sci. Policy 2020, 109, 1–14. 
5. Schlosberg, D. Theorising environmental justice: The expanding sphere of a discourse. Environ. Politics 2013, 22, 37–55. 
6. Kato-Huerta, J.; Geneletti, D. A distributive environmental justice index to support green space planning in cities. Landsc. 

Urban Plan. 2023, 229, 104592. 
7. Calderón-Argelich, A.; Benetti, S.; Anguelovski, I.; et al. Tracing and building up environmental justice considerations 

in the urban ecosystem service literature: A systematic review. Landsc. Urban Plan. 2021, 214, 104130. 
8. Cheng, Q.; Sha, S.Y. Resisting the heat wave: Revealing inequalities in matching between heat exposure risk and 

healthcare services in a megacity. Appl. Geogr. 2024, 167, 103291. https://doi.org/10.1016/j.apgeog.2024.103291. 
9. Heffron, R.J. Applying energy justice into the energy transition. Renew. Sustain. Energy Rev. 2022, 156, 111936. 
10. Oduro, P.; Simpa, P.; Ekechukwu, D.E. Addressing environmental justice in clean energy policy: Comparative case 

studies from the United States and Nigeria. Glob. J. Eng. Technol. Adv. 2024, 19, 169–184. 
11. Baker, E.; Carley, S.; Castellanos, S.; et al. Metrics for decision-making in energy justice. Annu. Rev. Environ. Resour. 

2023, 48, 737–760. 
12. Henríquez, B.L.P. Energy Sources for Sustainable Transportation and Urban Development. In Transportation, Land Use, 

and Environmental Planning; Elsevier: Amsterdam, The Netherlands, 2020; pp. 281–298. 
13. Alipour, D.; Dia, H. A systematic review of the role of land use, transport, and energy-environment integration in shaping 

sustainable cities. Sustainability 2023, 15, 6447. 
14. Govindarajan, H.K.; Ganesh, L. Integrating energy governance and environmental justice: Role of renewable energy. 

Renew. Energy Focus 2022, 43, 24–36. 
15. Graff, M.; Carley, S.; Pirog, M. A review of the environmental policy literature from 2014 to 2017 with a closer look at 

the energy justice field. Policy Stud. J. 2019, 47, S17–S44. 
16. Yu, P.H.; Chen, Y.Y.; Xu, Q.Y.; et al. Embedding of spatial equity in a rapidly urbanising area: Walkability and air 

pollution exposure. Cities 2022, 131, 103942. https://doi.org/10.1016/j.cities.2022.103942. 
17. Liu, T.; Fan, C. Impacts of disaster exposure on climate adaptation injustice across U. S. cities. Sustain. Cities Soc. 2023, 

89, 104371. https://doi.org/10.1016/j.scs.2022.104371. 
18. Davide, D.; Alessandra, F.; Roberto, P. Distributive justice in environmental health hazards from industrial contamination: 

A systematic review of national and near-national assessments of social inequalities. Soc. Sci. Med. 2022, 297, 114834. 
https://doi.org/10.1016/j.socscimed.2022.114834. 



Green Energy Fuel Res. 2025, 2(4), 293–302 https://doi.org/10.53941/gefr.2025.100020  

300 

19. Eanes, A.M.; Lookingbill, T.R.; Hoffman, J.S.; et al. Assessing Inequitable Urban Heat Islands and Air Pollution Disparities 
with Low-Cost Sensors in Richmond, Virginia. Sustainability 2020, 12, 10089. https://doi.org/10.3390/su122310089. 

20. Mashhoodi, B. Environmental justice and surface temperature: Income, ethnic, gender, and age inequalities. Sustain. 
Cities Soc. 2021, 68, 102810. https://doi.org/10.1016/j.scs.2021.102810. 

21. Tao, Y.H.; Chai, Y.W.; Zhang, X.; et al. Mobility-based environmental justice: Understanding housing disparity in real-
time exposure to air pollution and momentary psychological stress in Beijing, China. Soc. Sci. Med. 2021, 287, 114372. 
https://doi.org/10.1016/j.socscimed.2021.114372. 

22. Sun, Y.W.; Li, Y.; Ma, R.F.; et al. Mapping urban socio-economic vulnerability related to heat risk: A grid-based assessment 
framework by combing the geospatial big data. Urban Clim. 2022, 43, 101169. https://doi.org/10.1016/j.uclim.2022.101169. 

23. Chen, M.X.; Chen, L.K.; Zhou, Y.; et al. Rising vulnerability of compound risk inequality to ageing and extreme heatwave 
exposure in global cities. NPJ Urban Sustain. 2023, 3, 38. https://doi.org/10.1038/s42949-023-00118-9. 

24. Pappalardo, S.E.; Zanetti, C.; Todeschi, V. Mapping urban heat islands and heat-related risk during heat waves from a 
climate justice perspective: A case study in the municipality of Padua (Italy) for inclusive adaptation policies. Landsc. 
Urban Plan. 2023, 238, 104831. https://doi.org/10.1016/j.landurbplan.2023.104831. 

25. Badakhshan, B.; Sharifi, A.; Karami, T.; et al. Urban heat in a very hot region: Exploring spatial inequality in exposure 
to extreme heat hazard in Tehran, Iran. Urban Clim. 2025, 61, 102480. https://doi.org/10.1016/j.uclim.2025.102480. 

26. Benmarhnia, T.; Bailey, Z.; Kaiser, D.; et al. A Difference-in-Differences Approach to Assess the Effect of a Heat Action 
Plan on Heat-Related Mortality, and Differences in Effectiveness According to Sex, Age, and Socioeconomic Status 
(Montreal, Quebec). Environ. Health Perspect. 2016, 124, 1694–1699. https://doi.org/10.1289/EHP203. 

27. Yang, H.; Lee, T.; Juhola, S. The old and the climate adaptation: Climate justice, risks, and urban adaptation plan. Sustain. 
Cities Soc. 2021, 67, 102755. https://doi.org/10.1016/j.scs.2021.102755. 

28. Lanza, K.V.; Jones, J.; Acuna, F.; et al. Heat vulnerability of Latino and Black residents in a low-income community and 
their recommended adaptation strategies: A qualitative study. Urban Clim. 2023, 51, 101656. https://doi.org/10.1016/j.uclim. 
2023.101656. 

29. Dialesandro, J.; Brazil, N.; Wheeler, S.; et al. Dimensions of Thermal Inequity: Neighborhood Social Demographics and Urban 
Heat in the Southwestern US. Int. J. Environ. Res. Public Health 2021, 18, 941. https://doi.org/10.3390/ijerph18030941. 

30. Flores-Larsen, S.; Filippín, C. Energy efficiency, thermal resilience, and health during extreme heat events in low-income 
housing in Argentina. Energy Build. 2021, 231, 110576. https://doi.org/10.1016/j.enbuild.2020.110576. 

31. Shwashreh, L.; Taki, A.; Kagioglou, M. Retrofit Strategies for Alleviating Fuel Poverty and Improving Subjective Well-
Being in the UK’s Social Housing. Buildings 2024, 14, 316. https://doi.org/10.3390/buildings14020316. 

32. Ghimire, A.; Manandhar, M.D.; Karki, S.; et al. Negotiating household heat: Thermal labor, energy justice, and women’s 
health in Nepal’s Madhesh Province. Front. Public Health 2025, 13, 1657267. https://doi.org/10.3389/fpubh.2025.1657267. 

33. Li, Y.X.; Svenning, J.C.; Zhou, W.Q.; et al. Green spaces provide substantial but unequal urban cooling globally. Nat. 
Commun. 2024, 15, 7108. https://doi.org/10.1038/s41467-024-51355-0. 

34. Lin, J.; Zhang, H.S.; Chen, M.; et al. Socioeconomic disparities in cooling and warming efficiencies of urban vegetation 
and impervious surfaces. Sustain. Cities Soc. 2023, 92, 104464. https://doi.org/10.1016/j.scs.2023.104464. 

35. Xu, C.; Chen, G.; Huang, Q.; et al. Can improving the spatial equity of urban green space mitigate the effect of urban 
heat islands? An empirical study. Sci. Total Environ. 2022, 841, 156687. https://doi.org/10.1016/j.scitotenv.2022.156687. 

36. Li, C.; Su, X.; Fan, C.; et al. Behavior-encoded models reveal differentiated access to public cooling environment by race 
and income. NPJ Urban Sustain. 2024, 4, 19. https://doi.org/10.1038/s42949-024-00157-w. 

37. Zeng, P.; Liu, Y.Y.; Tian, T.; et al. Geographic inequalities in park visits to mitigate thermal discomfort: A novel approach 
based on thermal differences and cellular population data. Urban For. Urban Green. 2024, 98, 128419. https://doi.org/10. 
1016/j.ufug.2024.128419. 

38. Yan, X.K.; Wang, Y.P.; Zhou, D. Approach of achieving urban environmental equity for the elderly by evaluating cooling 
effects from urban parks. Urban Clim. 2025, 61, 102471. https://doi.org/10.1016/j.uclim.2025.102471. 

39. Yang, M.X.; Nie, W.B.; Wu, R.W.; et al. Towards more equitable cooling services of urban parks: Linking cooling effect, 
accessibility and attractiveness. J. Environ. Manag. 2024, 370, 122475. https://doi.org/10.1016/j.jenvman.2024.122475. 

40. Sotolongo, M. Defining environmental justice communities: Evaluating digital infrastructure in Southeastern states for 
Justice40 benefits allocation. Appl. Geogr. 2023, 158, 103057. https://doi.org/10.1016/j.apgeog.2023.103057. 

41. Hanke, F.; Guyet, R.; Feenstra, M. Do renewable energy communities deliver energy justice? Exploring insights from 71 
European cases. Energy Res. Soc. Sci. 2021, 80, 102244. https://doi.org/10.1016/j.erss.2021.102244. 

42. Dong, K.Y.; Yang, S.M.; Wang, J.D.; et al. Revisiting energy justice: Is renewable energy technology innovation a tool 
for realizing a just energy system? Energy Policy 2023, 183, 113820. https://doi.org/10.1016/j.enpol.2023.113820. 

43. Jones, E.C., Jr.; Reyes, A. Identifying Themes in Energy Poverty Research: Energy Justice Implications for Policy, 
Programs, and the Clean Energy Transition. Energies 2023, 16, 6698. https://doi.org/10.3390/en16186698. 



Green Energy Fuel Res. 2025, 2(4), 293–302 https://doi.org/10.53941/gefr.2025.100020  

301 

44. Blue, G.; Bronson, K.; Lajoie-O’Malley, A. Beyond distribution and participation: A scoping review to advance a 
comprehensive environmental justice framework for impact assessment. Environ. Impact Assess. Rev. 2021, 90, 106607. 
https://doi.org/10.1016/j.eiar.2021.106607. 

45. Wu, H.Y.; Zhao, C.W.; Zhu, Y.; et al. A multiscale examination of heat health risk inequality and its drivers in mega-
urban agglomeration: A case study in the Yangtze River Delta, China. J. Clean. Prod. 2024, 458, 142528. 
https://doi.org/10.1016/j.jclepro.2024.142528. 

46. Amorim-Maia, A.T.; Anguelovski, I.; Connolly, J.; et al. Seeking refuge? The potential of urban climate shelters to address 
intersecting vulnerabilities. Landsc. Urban Plan. 2023, 238, 104836. https://doi.org/10.1016/j.landurbplan.2023.104836. 

47. Kohon, J.N.; Tanaka, K.; Himes, D.; et al. Extreme Heat Vulnerability Among Older Adults: A Multilevel Risk Index for 
Portland, Oregon. Gerontologist 2024, 64, gnad074. https://doi.org/10.1093/geront/gnad074. 

48. Ferreira, R.; Davidson, T.; Buttell, F.; et al. Barriers to equitable disaster recovery: A scoping literature review. Int. J. 
Disaster Risk Reduct. 2024, 110, 104628. https://doi.org/10.1016/j.ijdrr.2024.104628. 

49. He, M.W.; Li, W.F.; Wang, P.C.; et al. Allocation equity of regulating ecosystem services from blue-green infrastructures: 
A case study of street blocks in Wuhan central city. Ecol. Indic. 2022, 138, 108853. https://doi.org/10.1016/j.ecolind.2022. 
108853. 

50. Han, L.; Yu, C.W.; Cao, S.J. Synergistic control of air pollution and heat waves in the urban built environment: Challenges 
and opportunities. Indoor Built Environ. 2024, 33, 417–421. https://doi.org/10.1177/1420326X231176362. 

51. Dong, X.Y.; Yang, R.J.; Ye, Y.M.; et al. Planning for green infrastructure by integrating multi-driver: Ranking priority 
based on accessibility equity. Sustain. Cities Soc. 2024, 114, 105767. https://doi.org/10.1016/j.scs.2024.105767. 

52. Yu, W.B.; Yang, J.; Sun, D.Q.; et al. How urban heat island magnifies hot day exposure: Global unevenness derived from 
differences in built landscape. Sci. Total Environ. 2024, 945, 174043. https://doi.org/10.1016/j.scitotenv.2024.174043. 

53. Sanchez, L.; Reames, T.G. Cooling Detroit: A socio-spatial analysis of equity in green roofs as an urban heat island 
mitigation strategy. Urban For. Urban Green. 2019, 44, 126331. https://doi.org/10.1016/j.ufug.2019.04.014. 

54. Lee, J.S.; Han, A.T. Heat vulnerability and spatial equity of cooling center: Planning implications from the Korean case. 
Urban Clim. 2024, 55, 101869. https://doi.org/10.1016/j.uclim.2024.101869. 

55. Zhou, Z.H.; Galway, N.; Megarry, W. Exploring socio-ecological inequalities in heat by multiple and composite greenness 
metrics: A case study in Belfast, UK. Urban For. Urban Green. 2023, 90, 128150. https://doi.org/10.1016/j.ufug.2023.128150. 

56. Ma, L.; Huang, G.A.; Johnson, B.A.; et al. Investigating urban heat-related health risks based on local climate zones: A 
case study of Changzhou in China. Sustain. Cities Soc. 2023, 91, 104402. https://doi.org/10.1016/j.scs.2023.104402. 

57. Excell, L.E.; Nutkiewicz, A.; Jain, R.K. Multi-scale retrofit pathways for improving building performance and energy equity 
across cities: A UBEM framework. Energy Build. 2024, 324, 114931. https://doi.org/10.1016/j.enbuild.2024.114931. 

58. Stavropulos-Laffaille, X.; Requena-Ruiz, I.; Drozd, C.; et al. Urban cooling strategies as interaction opportunities in the 
public space: A methodological proposal. In Proceedings of the Carbon-Neutral Cities—Energy Efficiency and 
Renewables in the Digital Era (CISBAT 2021), Lausanne, Switzerland, 8–10 September 2021. 

59. Aleksandrowicz, O.; Pearlmutter, D. The significance of shade provision in reducing street-level summer heat stress in a 
hot Mediterranean climate. Landsc. Urban Plan. 2023, 229, 104588. https://doi.org/10.1016/j.landurbplan.2022.104588. 

60. Ling, Z.Y.; Hung, W.K.; Lin, C.S.; et al. Dealing with Green Gentrification and Vertical Green-Related Urban Well-Being: 
A Contextual-Based Design Framework. Sustainability 2020, 12, 10020. https://doi.org/10.3390/su122310020. 

61. Wu, S.B.; Yu, W.B.; Chen, B. Observed inequality in thermal comfort exposure and its multifaceted associations with greenspace 
in United States cities. Landsc. Urban Plan. 2023, 233, 104701. https://doi.org/10.1016/j.landurbplan.2023.104701. 

62. Baro, F.; Calderón-Argelich, A.; Langemeyer, J.; et al. Under one canopy? Assessing the distributional environmental 
justice implications of street tree benefits in Barcelona. Environ. Sci. Policy 2019, 102, 54–64. https://doi.org/10.1016/j. 
envsci.2019.08.016. 

63. Li, F.; Yigitcanlar, T.; Nepal, M.; et al. Assessing heat vulnerability and multidimensional inequity: Lessons from 
indexing the performance of Australian capital cities. Sustain. Cities Soc. 2024, 115, 105875. https://doi.org/10.1016/j.scs. 
2024.105875. 

64. Lo, A.Y.; Jim, C.Y.; Cheung, P.K.; et al. Space poverty driving heat stress vulnerability and the adaptive strategy of 
visiting urban parks. Cities 2022, 127, 103740. https://doi.org/10.1016/j.cities.2022.103740. 

65. Sifuentes, F.E.; Major, S.C.; McNett, B.; et al. Equity-driven investments in community energy systems: An optimization 
model applied to Washington State. Environ.Res. Infrastruct. Sustain. 2024, 4, 045007. https://doi.org/10.1088/2634-
4505/ad951e. 

66. Crichton, D. The risk triangle. Nat. Disaster Manag. 1999, 102, 102–103. 
67. Eakin, H.; Luers, A.L. Assessing the vulnerability of social-environmental systems. Annu. Rev. Environ. Resour. 2006, 

31, 365–394. https://doi.org/10.1146/annurev.energy.30.050504.144352. 
68. Yang, Y.; Zhao, N. Vulnerability assessment of urban agglomerations to the risk of heat waves in China since the 21st 

century. Environ. Pollut. 2023, 336, 122443. https://doi.org/10.1016/j.envpol.2023.122443. 



Green Energy Fuel Res. 2025, 2(4), 293–302 https://doi.org/10.53941/gefr.2025.100020  

302 

69. Chen, X.C.; Wang, Z.M.; Yang, H.B.; et al. Assessing dynamic flood vulnerability variations in urban functional zones 
using dynamic population data and a PSO-based weighting approach. Int. J. Disaster Risk Reduct. 2025, 116, 105154. 
https://doi.org/10.1016/j.ijdrr.2024.105154. 

70. Xiang, Z.X.; Qin, H.Q.; He, B.J.; et al. Heat vulnerability caused by physical and social conditions in a mountainous 
megacity of Chongqing, China. Sustain. Cities Soc. 2022, 80, 103792. https://doi.org/10.1016/j.scs.2022.103792. 

 


