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Introduction

Climate change has emerged as one of the most significant global challenges of the 21st century, with profound
local manifestations. Urban areas, particularly in the Global South, are at the forefrontyof experiencing their
impacts, chiefly through the intensification of urban heat islands (UHIs). This phenomenon, where urban regions
experience significantly higher temperatures than their rural surroundings, is exacerbated,by rapid urbanisation,
densification, and the loss of green cover. Informal settlements, charaeterised by physical &gw, inadequate
infrastructure, substandard building materials, and a lack of green spaces, are_dispropertionately” affected. This
creates a nexus of environmental and social vulnerability, raising criticaldquestions of climate justice—the fair
distribution of both the causes and consequences of climate change. a\

Mashhad, Iran's second-largest metropolis and a major pilgrimage, destination, exemplifies this crisis.
Approximately 30-32% of its population, over one million people, reside in inwal settlements covering nearly
10% of the city's area. These neighbourhoods face severe climatic pressures, with studies indicating a 2.1°C
increase in the city's annual mean temperature over the past five decades, coupled with a decline in vegetation
cover. This research addresses a significant gap ingthe literature by employing an integrated, interdisciplinary
approach to investigate the multifaceted nature of elimate injustice Within four prominent informal settlements of
Mashhad: Khaje Rabi'e, Ghale Sakhteman, Siyidi, and Old Ghoehan Road:, The study posits that structural climate
injustice exists in these areas, manifested through distributive proeedural inequities, and that current urban
heat management policies have beén ineffective in providing a just response.

Materials and Methods

This study adopts a mixed-methods research designyycombining quantitative, spatial, and qualitative data to
triangulate findings and,provide a holistic undesstanding of climate justice. The research is descriptive-analytical
in nature and applied in purpose.

Study Areas: Fouriinformaljsettlements were selected based on geographic, physical, and socio-economic
diversity: Khaje yRabi'ey (northy, near Kashaf) River), Ghale Sakhteman (east/southeast, hottest), Siyidi
(south/southeast,"compactfabric), and Old Ghochan Road (northwest, rapidly developing).

Quantitativel& SpatialiDatat

Questionnaire Survey: A sample of 306 households (approx. 80 per zone) was selected via multi-stage cluster
sampling. A stru€tured questionnaire assessed demographic variables, perception of heat intensity, discomfort
from high Physiological Equivalent Temperature (PET), and perceptions of distributive, procedural, and cognitive
justice. Reliability was confirmed (Cronbach's Alpha > 0.75).

Spatial Analysizxendsat satellite imagery (TM 1979, ETM+ 2009, OLI/TIRS 2023) was processed using ENVI
and ArcGIS»software to derive long-term changes in Land Surface Temperature (LST) and the Normalised
Difference Vegetation Index (NDVI). Summer PET was estimated as a more comprehensive thermal comfort
indicator.

Qualitative Data:

Semi-structured Interviews: 20 interviews were conducted (14 residents, 6 municipal officials/experts).

Focus Group Discussions (FGDs): Four FGD sessions were held with residents.

Qualitative data were analysed using thematic analysis in MAXQDA software.

Data Integration & Analysis: Quantitative data were analysed using SPSS (descriptive stats, Pearson correlation,
ANOVA, independent t-test, multivariate regression). A triangulation approach was used to synthesise findings
from all data levels, leading to the development of a final conceptual model of climate justice in Mashhad's
informal settlements.

Results and Discussion
The findings paint a clear picture of entrenched and multi-dimensional climate injustice, revealing strong
convergence between objective environmental data and subjective resident experiences.
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Spatial & Environmental Injustice: Satellite data analysis confirmed significant inter-zonal disparities. Ghale
Sakhteman and Siyidi had the highest LST (41.0°C and 40.2°C, respectively) and the lowest NDVI (0.11 and 0.14,
respectively) in 2023, indicating severe heat islands and minimal vegetation. In contrast, Khaje Rabi'e, benefiting
from proximity to the Kashaf River, had a lower LST (36.8°C) and higher NDVI (0.20). This objective distributive
injustice in environmental risk was stark.

Perceptual & Social Injustice: Questionnaire results strongly correlated with spatial data. Residents of Ghale
Sakhteman and Siyidi reported the highest levels of perceived discomfort from heat (mean 4.40 and 4.35 on a 5-
point scale) and the strongest sense of climate injustice. Statistical analysis revealed significant negative
correlations between perceived heat intensity and all three justice dimensions (distributive, procedural, and
cognitive), and a positive correlation with the sense of injustice.

Justice Dimensions: Exploratory Factor Analysis validated a three-factor structure fogclimate justice, explaining
64% of the variance:

Distributive Justice (30.5% variance): Access to green space, shade, and cooling facilities.

Procedural Justice (18.2% variance): Participation in meetings, awareness of plans, and transparency.

Cognitive Justice (15.3% variance): Awareness of local methods, recognition of indigenous kdewledge.

Key Predictors of Injustice: A multivariate regression model (R? = 0.4%) identified the momiﬁcant factors
reducing the sense of injustice: Access to Green Space (f = -0.41), Procedural’Justice (B = -0.36), and Cognitive
Justice (p = -0.28). An independent t-test underscored the powerful impact of green sp%xshowing a large effect
size (Cohen's d = 0.76) in lowering perceived injustice for those with aceess within 5 minutes.

Qualitative Themes — The Lived Experience: Resident interviews |andnEGDs crystallised the experiential
dimension of injustice into core themes: "Unjust Urban Heat and Suffocati:r&nequity in Cooling Services,"
and "Perception of Institutional Neglect." Residents expressedy frustration” over a lack of shade, unreliable
electricity, and feeling unheard by authorities. FGDs highlighted community redefinitions of justice as "unequal
access to shade and wind" and raised concerns ovemintergeneratiofal justice.
The Institutional-Experiential Gap: A critical finding was e&( contrast between resident and official
perspectives. While residents emphasised service inequality and exclusion, officials' narratives focused on
"Resource Limitations and Prioritisation of Formal Populations," "Lagk of Precise Local Climatic Data," and the
"Challenges in Social Participatiomy! This reflects a“fundamental conceptual gap: a technical-managerial
perspective on climate justice versus.a lived-experiential and rights-based perspective.

Integrated Conceptual Model: Syathesising,all findings,«the study proposes a conceptual model where climate
injustice is the outcome of three reinforcing, processes: 1 Exposure to UHI effects, 2) Social and physical
Vulnerability, and 3) Institutional Procedural Injustice. This leads to perceived climatic inequality and ultimately
impacts residents'physical ahd mental health.

The discussion contextualises these findings|within global literature, confirming that informal settlements are
epicentres of UHIS and thatulnerability is sogcially stratified. The study aligns with international research on the
necessity\of procedural justice but adds a crucial local insight: in Mashhad, feelings of injustice are compounded
by a symbolic inequality—&ception of being unseen and unheard in the city's political and planning processes.

Conclusion \

This research_conclusively confirms the hypothesis of structural climate injustice within Mashhad's informal
settlements and the inadequacy of current policy responses. Injustice is not incidental but is woven into the physical
fabric, social composition, and governance structures of these neighbourhoods. Achieving climate justice in
Mashhad requites a fundamental paradigm shift from a technical-physical management of heat to a socio-
institutional management of climate.

This necessitates integrated action on three fronts:

Distributive Actions: Prioritising investment in green infrastructure (micro-parks, street trees), cool materials, and
ventilation corridors specifically within informal settlements.

Procedural Reforms: Establishing transparent, participatory mechanisms to include residents in planning and
decision-making processes related to climate adaptation, thereby rebuilding institutional trust.

Recognitive Measures: Validating and integrating local knowledge and experiences into formal adaptation
strategies.

Keywords: Climate Justice, Informal Settlements, Urban Heat Islands, Land Surface Temperature (LST),
Normalised Difference Vegetation Index (NDVI)
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Table 7. Pearson Correlation Matrix Between Key Variables
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