Understanding thermal justice and systemic cooling poverty from the margins: Intersectional perspectives from Rio de Janeiro 
Abstract 
Heatwaves, characterised by escalating frequency, duration, and lethality, have prompted governments worldwide to issue vital health advisories urging individuals to stay hydrated, avoid direct sun exposure, and minimise strenuous activities. Regrettably, a significant segment of the population faces substantial challenges in accessing these crucial recommendations due to what we call ‘systemic cooling poverty’. This multifaceted phenomenon encompasses intricate layers of physical, social and intangible infrastructural deficiencies, impeding the provision of essential services necessary to ensure thermal safety during extreme heat episodes. Through an intersectional mixed-method examination, this study brings empirical evidence of the  structural factors that exacerbate inequalities in attaining thermal safety among the African-Brazilian community, LGBTQI+, and disabled favela dwellers in Rio de Janeiro. By shedding light on these barriers, we contribute to the understanding of targeted interventions and policy measures that can alleviate the impacts of systemic cooling poverty and safeguard public health in the face of rising temperatures.



Highlights 

· We examine the factors that contribute to inequalities and inequities in thermal justice. 
· We apply the new concept of Systemic Cooling Poverty we defined in the context of tropical megacity Rio de Janeiro. 
· Transport poverty is linked with Systemic Cooling Poverty 
· Intersectionality can help identify the pattern of social vulnerabilities in relation to place-based Systemic Cooling Poverty





1. Introduction

Rising temperatures (Watts et al. 2021) are yielding an increasing number of powerful and long-lasting heat spells, winter and summer heatwaves (United Nations Environment and Programme 2021). The threat of extreme heat for our health is one of the key findings of the latest IPCC assessment report. Actual health risks related to heat depend on human vulnerability, which relates to the interconnection between pre-existing social, cultural, and economic conditions. For example, in central and Latin American countries a major source of vulnerability is the high number of people living in informal settlements (IPCC 2022). Historically, research predominantly concentrated on elevated surface air temperatures, often overlooking humidity levels (Li, Yuan, and Kopp 2020). Recent studies indicate that increase in temperatures coupled with rising humidity levels has the potential to exacerbate instances of heat stress and mortality. Although there is considerable variation in dry-hot temperatures across different regions, humans, for instance, have evolved to endure temperatures as high as 38°C (Li, Yuan, and Kopp 2020). However, in conditions of elevated humidity, even a temperature of 32°C can induce severe heat stress, with 35°C potentially leading to lethal consequences. Hence, while dry heat temperatures can be harmful to the survival of human and more-than-human ecologies, humid heat stress presents a significant threat to survivability because the body cannot effectively thermoregulate.
Governments (UKHSA 2023) and international health organizations (WHO 2023) advocate three universal heat stress prevention measures: staying hydrated, avoiding direct sunlight during peak hours, and limiting physical exertion, especially during the day. However, patterns of inequality and social vulnerability emerge as many cannot attend these simple recommendations due to social exclusion and physical infrastructural deficiencies. The compounding challenges arising from rising temperatures and humidity levels are exacerbated by the inefficacy of passive physical, social, and intangible cooling infrastructures. Challenges with hydration may arise from water quality or limited access to public water and toilets, but also because of social norms and gender-based violence. In some regions of India, the lack of proper toilet facilities forces both women and men to resort to using bush or pit latrines, with severe consequences for sanitation and hygiene (Srinivasan 2015). Women feel often forced to restrict their fluid intake, including water, to avoid frequent visits to open-air toilets to avoid sexual assaults (Panchang, Joshi, and Kale 2022). Avoiding sun exposure may not be a personal choice as it depends on the appropriateness of urban planning and availability of green and shaded areas (Jamei et al. 2016).  Finally, avoiding physical exertion during the hottest hours, may not be attainable by people who, because of systemic lack of opportunities, are forced into outdoor informal occupations, which tend to lack basic work rights. Research in South East Asia shows how informal workers (such as seasonal sugarcane cutters) are more exposed to heat stress than regular workers in formal employment (Boonruksa et al. 2020). 
The aim of this paper is to lay out how inefficient cooling infrastructures hinder the realisation of basic health recommendations during heatwaves among the most fragile segment of the population. We use the concept of "systemic cooling poverty" coined by Anonymous to encapsulate the circumstance in which individuals lack protection from excessive heat across various facets of daily life, encompassing activities such as commuting to work, staying at home, or seeking shelter during extreme heatwaves, as further discussed in this paper. The study focuses on the tropical megacity of Rio de Janeiro, characterised by consistently high compound levels of heat and humidity throughout the year.  We utilise a mixed-method analysis to gain insights into the lived experiences of Black communities residing in the favelas and to explore how inadequate infrastructures pose persistent threats to their health and well-being during heatwaves. We employ an intersectionality framework as a theoretical guide to both select our participants and analyse the compounded disadvantages that shape thermal inequities. By recognising the structural and historical causes of such inequities, we respond to Sultana's call to decolonise climate (Sultana 2022).  Intersectionality also serves as ontological ground through which we justify the use of mixed-methods and answer recent invocations for integration between different disciplines in climate justice (Colucci, Vecellio, and Allen 2023; Sultana 2022; Amorim-Maia et al. 2022; Mikulewicz et al. 2023). Through our empirical research, we contribute to the understanding of thermal injustice in the Global South. 

2. Paving the way for thermal justice

Qualitative research from the social sciences on heatwaves is now re-surfacing (see (Bosca 2023) (Tawsif, Alam, and Al-Maruf 2022) (Klinenberg, Araos, and Koslov 2020), especially in light of the temperature-breaking extremes that hit across the world in the summer of 2023. Sociologists, physical and human geographers have long observed the detrimental effects of climate disasters in the intensification of place-based inequalities (Klinenberg 2002)(Cutter, Boruff, and Shirley 2003). We now know that social inequality rooted in individual characteristics (gender, ethnicity, race, sexuality, migration status) and economic conditions (income disparities, low-income) tend to be entwined with spatial segregation (building cluttering, extreme land use, scarce ventilation, absence of green areas/waterbodies) in which the most vulnerable groups tend to be located (Mitchell and Chakraborty 2019) (Cutter et al. 2008). Yet, while individual vulnerabilities have been characterised in heat-related research (see (Klinenberg 2002)(Ergas, McKinney, and Bell 2021b),  the cumulative intersectional disadvantages of extreme heat events among particular groups tend to be overlooked. A recent publication by Colucci and colleagues recommends the adoption of multidisciplinary approaches to generate intersectional knowledge addressing thermal violence within the carceral system (Colucci, Vecellio, and Allen 2021). Yet, there is still scarce empirical work on intersectionality and climate extremes, and the broad literature on climate adaptation has only marginally explored marginalised communities (Turek-Hankins et al. 2021). 
In the context of the Global South, the roots of thermal inequalities and inequities can be found in historical geopolitical factors which have destabilised, dispossessed, and eradicated a people-centred local adaptive knowledge. Notably, the standardisation of building codes shaped by metrics of thermal comfort tailored to a specific group—primarily abled, Nordic white males—has exerted influence over the global construction industry and design practices (see (Fanger 1972). The inadequacy of cooling infrastructures reflect climate coloniality (Sultana 2022) (Mercer and Simpson 2023) and manifest as outcomes of colonial influences in urban building design and architecture and knowledges. Indeed, prevailing urban planning models, greenery, architecture and building materials predominantly align with a framework reflective of the environmental attributes and design principles prevalent in the Global North (Sirayi and Beauregard 2021; Blundell 2020; Loo 2017; Muzorewa, Nyawo, and Nyandoro 2018; Kake 2020) while paving the way for the ubiquity of air conditioning (Shove, Walker, and Brown 2014). This standardised approach in constructing designs has engendered indigenous placemaking and materials in the Global South, precipitating a discernible deterioration in people’s thermal comfort. As argued by Chang, climate design in the tropics has been shaped by colonial medical ideas and the interests of the US air-conditioning corporations (Chang 2016). Concurrently, the indigenous communities' traditional knowledge pertaining to strategies for maintaining optimal bodily and spatial coolness has been supplanted by colonial influences and capitalistic interests (Hobart 2023). 

We frame thermal justice as a fair treatment of people in their opportunities to achieve safe body temperature and thermal comfort. Thermal justice entails political actions across multiple levels of society which radically redistribute and reshape equal rights and opportunities to thermal safety. Thermal safety is intricately linked to both global climatic events and micro-climates, making it closely intertwined with the specific geographies and morphologies of local territories. To date, thermal justice lacks a definition, but it can be clearly seen as a distinct phenomenon at the crossroads between environmental (Walker 2020) and spatial justice (Soja 2013). While all these ‘justices’ are concerned with the environment, they all focus on different scales and actions. 

Briefly, environmental justice refers to the fair and equitable distribution of environmental hazards and access to natural resources and entails that all individuals and communities have equal protection from environmental burdens. The core idea is to address environmental inequalities and focus on empowering marginalised communities to have a voice in shaping environmental policies that affect them (Cole and Foster 2001; Schlosberg 1999; Walker 2020). Spatial justice is instead concerned on the role of geography in justice (Soja 2013) focusing on the local spatial distribution of resources and key services for human wellbeing. Spatial justice channels concerns on the distributive and procedural aspects of such inequalities at urban level and is focused on how public goods can be equitably accessed by urban populations (Soja 2013). 

Thermal justice encompasses both global and local dimensions, as it addresses the impact of anthropogenic global climate change, which leads to rising temperatures and the localised effects of prolonged and intensified heatwaves. Like environmental justice, thermal justice focuses on the uneven distribution of negative externalities, such as the heat emissions from cooling technologies affecting individuals living and working outdoors, as well as the heat retention caused by dense urban environments. Moreover, thermal justice also incorporates aspects of spatial justice concerning the unfair allocation and utilization of public goods like green cooling infrastructures, blue surfaces (e.g., fountains), and public services (e.g., public toilets and cooling centres). To comprehensively understand thermal justice, it necessitates a thorough examination of exclusionary and segregative patterns that govern thermal rights in environments experiencing escalating temperatures. 

2.1 Finding the systemic causes of thermal inequities

The core inquiry centres on identifying the systemic causes perpetuating thermal inequality in these increasingly hot environments. By addressing such underlying factors, thermal justice seeks to rectify the disparities and ensure equitable access to cooling resources and amenities for all members of society. In this sense, our interpretation of thermal justice links with Pulido and De Lara’s understanding of environmental justice as a political eradication of racial regimes (Pulido and De Lara 2018).  They imagine environmental justice as a “political project of liberation that extends the struggle for Black freedom to abolishing the same racial and capitalist relationships of power that produced the colonial project of plunder and dispossession in the Americas” (p.78). 

But how can we identify the underlying factors that perpetrate thermal inequalities and inequities? Anonymous (2023) identified some systemic aspects that reinforce thermal inequalities in the face of increasing temperatures and humidity. The authors introduce a new concept called Systemic Cooling Poverty as “the condition in which organisations, households and individuals are exposed to the detrimental effects of increasing humid heat stress as result of inadequate infrastructures. Such infrastructures can be physical, such as passive retrofit solutions, cold chains, or personal technological cooling devices; social, such as networks of support and social infrastructures; or intangible, such as knowledge to intuitively adapt to the combined effects of heat and humidity.” The authors provide a framework identifying the physical, social, and intangible infrastructures of exclusion from accessing cooling needs. 

The proposed definition diverges significantly from conventional notions of energy (Reddy et al. 2000) and fuel poverty (Boardman 1991), as SCP emphasises the vital contributions of available natural and passive cooling infrastructures, as well as heat-adaptation knowledge, in effectively mitigating outdoor and indoor heat challenges. By doing so, we complement previous studies linking spatial justice with energy poverty (Yenneti, Day, and Golubchikov 2016)(Bouzarovski and Simcock 2017) by focusing on passive thermal infrastructures which can potentially mitigate the need for energy consumption for thermal comfort and safety. In their spatialization of energy poverty, Bouzarovski and Simcock  (2017) attempt to go beyond identifying geographical distribution of the energy poor and delve deeper in how domestic energy deprivations are intricately linked to the entire energy system (production and consumption), local economy and infrastructures (Bouzarovski and Simcock 2017). While Bouzarovski and Simcock (2017) provide a comprehensive understanding of the interlinkages between energy poverty and spatial injustices, there are important gaps in their analysis. For instance, the authors have not considered the infrastructural implications of deficient urban planning and the geometric layout of urban areas on outdoor and indoor thermal comfort. As per the case of urban heat island, inadequate urban infrastructures trap the heat in during the day and release it during the night. Excess heat can be caused by absorptive surfaces in buildings, concrete, asphalt and other artificial surfaces which retain the heat (Santamouris 2014) (Salata et al. 2017; He et al. 2021). Improper urban geometry and building orientation reduce shading and ventilation opportunities (Triyuly, Triyadi, and Wonorahardjo 2021). Local micro-climates can be further deteriorated by the intensity of transport and urban pollution which act as a magnifier for the entrapment of heat (Kammuang-Lue et al. 2015). The heat dumped by commercial activities, air conditioning in buildings and transport can also increment outdoor temperatures (Wen and Lian 2009). In addition, studies focused on space and energy poverty literature often overlook the significance of passive cooling solutions such as urban greenery, water bodies, green roofs, reflective surfaces, and shading (Samuel, Nagendra, and Maiya 2013). Nonetheless, research in urban planning highlights their crucial role as micro-climatic factors capable of enhancing both indoor and outdoor thermal comfort (Ghosh and Das 2018). Furthermore, thermal comfort depends on other socio-material factors and practices such as clothing, diets, hydration, food intake, human metabolism, and habits (Khosla et al. 2022). As such, people who lack access to appropriate clothing, food, hydration, and nutrition for their thermal comfort should be included in the quest for thermal justice. 

Thermal justice places individuals as agents of their thermal comfort and safety. Starosielski calls  “thermal autonomy” “a politics that is attentive to people’s ability to regulate and mediate their own position within the thermal world” (p.23)(Starosielski 2021). Such autonomy we argue should be achieved if passive sustainable infrastructures and environmental resources are in place and available for all to benefit. For example, in extremely hot days, access to cold drinking water becomes a “thermal right” (Starosielski 2021) p.22).  Thermal rights in certain regions of the world are constantly denied or hindered by governmental neglect, which results in withholding of safe water, available natural shading (Langenheim et al. 2020), or the withholding of food. For example, research in the US found that the high price of fresh water-rich food (vegetables and fruit) discourages low-income people, especially in urban racialised neighbourhoods (Larson, Story, and Nelson 2009). The withholding of proper sanitation and drinking water is also another crucial important denial of a fundamental thermal right. 

To grasp how spatial injustices frequently perpetuate patterns of inequality and inequity, it is crucial to examine how individuals can escape from insufficient infrastructural heat traps. Mobility poverty is a term used to indicate the systemic lack of transportation options and limited mobility choices for individuals or communities (Lowans et al. 2021). Unlike transport poverty, which tends to be framed predominantly around the financial difficulties encountered by low-income people, mobility poverty encompasses geographical and physical impediment to access essential services, opportunities, and resources due to inadequate transportation infrastructure (Kuttler and Moraglio 2021). The consequences of mobility poverty can result in social exclusion, limited job prospects, reduced access to healthcare and education, and overall diminished quality of life (Furszyfer Del Rio and Sovacool 2023). Such framing of mobility poverty is entwined with SCP as they share the focus on infrastructural deficiencies and place-vulnerability. An inaccessible, unsafe, or excessively costly transportation system limits people's mobility and, subsequently, their capacity to find cooler places to regulate their internal temperatures. Thus, the inadequacies in the transportation sector intertwine with thermal rights, which encompass the right to seek refuge in nearby cooling centres (such as blue/green spaces, libraries, hospitals, and other conditioned environments) during extreme heat events.

Thermal justice should encompass an analysis of how governmental authorities may manipulate or suppress such matters, as well as an investigating the distribution of thermal inequities within a particular context. This approach enables the development of a distinct concept of thermal justice that goes beyond duplicating climate justice, environmental justice, and energy justice, thus providing a more holistic perspective on addressing thermal disparities. Furthermore, thermal justice involves actively working towards dismantling racial regimes, aligning with the perspectives of Pulido and De Lara(see (Pulido and De Lara 2018)), as well as challenging economic systems that perpetuate human and more-than-human inequities. 

3. Methodology 
a. Location
Rio de Janeiro is perhaps one of the most famous and stereotyped cities in the world. Infamously known for its numerous marginal settlements called favelas, Rio hosts over 763 favelas with 1.7 million people, almost one sixth of Rio’s total population of 6 million (IBGE 2022). The Institute of Geography and Statistics (IBGE) responsible for the national census calculates that 20% of the total residences in Rio de Janeiro can be categorised as informal and irregular (in Portuguese: aglomerados subnormais, (IBGE 2010). Annual Wet-Bulb temperatures in Rio de Janeiro State for the period 1991-2020 reached 22 oC, with annual peak of 25 oC, and an annual relative humidity of 79% for the same period (Metereologia 2023). Record breaking heat has become a recurrent event, rather than occasional occurrence. On 15th Jan 2023, Rio de Janeiro reached 40 oC, one of the highest temperatures ever registered in the city, with the neighbourhood of Irajá registering thermic sensation of 53 oC. A month later, on the 5th February 2023, Rio hit a second record breaking temperature of 41 oC in the neighbourhood of Santa Cruz and a thermic sensation of 58 oC. Record breaking events also occur during winter, on the 5th August 2022 Rio registered an unusual 38.5 oC for this time of the year (Metereologia 2023). Such temperatures, however, do not take into account different hotspots. For example, there are spaces which lack meteorological sensors, such as informal settlements, or areas of the city which usually see a concentration of heat because of agglomerations of people, public transportation, and traffic to mention a few. 
b. Theoretical framework
The key theoretical approach guiding this research is intersectionality. Intersectionality is a theory firstly introduced by Kimberlé Crenshaw (Crenshaw 1989) within critical theory and black feminist studies, showing the multidimensionality and concurrent cumulative social disadvantages of different social identities. An intersectionality framework takes into account the interconnected nature of multiple systems of oppression. These systems include, but are not limited to, categories such as race, gender, class, sexuality, ethnicity, nationality, indigeneity, ability, religion, species, scale (referring to different levels of analysis), and distinctions between rural and urban contexts as well as global divisions between the Global South and Global North (Ergas, McKinney, and Bell 2021a). Intersectionality links with climate justice in the shared focus on marginalised people as per (Mikulewicz et al. 2023): “intersectionality helps understand vulnerability as a process mediated by structural forces that are both local and global such as patriarchy, racism, colonialism and capitalism” (Mikulewicz et al. 2023)p4). The cumulative effect of the intersection of oppressed social identities such as being a woman and LBGTQI+[footnoteRef:1], and black, for example, shifts away essentialist categorisation of being ‘women’ or ‘indigenous’ and instead provides a more nuanced contextualisation of the places, spaces and temporalities which can disproportionately disadvantage some people over others. We are in line with Anthias (Anthias 2012) in that “intersectionality does not refer to a unitary framework but a range of positions, and that essentially it is a heuristic device for understanding boundaries and hierarchies of social life” (p.13). We use intersectionality to identify concurrent and cumulative inequalities in relation to excessive heat and use statistical analysis to characterise the association between individuals’ characteristics, including socio-economic, demographic, and family conditions, and individual cooling strategies in an urban context. In thermal comfort research, this approach can shed light on how certain groups are more thermally vulnerable than others. Moreover, intersectionality as an approach helps decolonise research by including non-Western perspectives, knowledges, lived experiences and, for the purpose of this research, thermal sensations.  [1:  The acronym LGBTQI+ stands for Lesbian, Gay, Bisexual, Transgender, Queer/Questioning, and Intersex, with the "+" representing additional diverse sexual orientations, gender identities, and expressions that may not be explicitly included in the initial acronym. The "+" symbolizes inclusivity and recognises the evolving nature of identities within the LGBTQI+ community.] 


Such theoretical contribution can help not only decolonising research, but also encourage the uses of cross-disciplinary and interdisciplinary methodologies (Mikulewicz et al. 2023). In the context of climate extremes, intersectionality emerges as a lens to understand the co-production of injustices. For Bhambra and Newell, the events occurring as a result of climate change (more frequent and destructive heatwaves, flooding) are entangled with capitalistic colonialism which strives on racial inequality, enslavement and resource exploitation of the Global South (Bhambra and Newell 2022). For this reason, we believe intersectionality provides an indispensable ontological ground for our research which mixes qualitative and quantitative methods.  

c. Research design
This research utilises a concurrent mixed method design, combining quantitative and qualitative data. By employing both methods, this research strengthens its rigor and comprehensiveness (Teddy and Yu 2007), providing multiple angles on cooling practices in the study area. Additionally, this approach triangulates multiple findings to avoid unreliable conclusions. Mixed methods also encourage researchers to think beyond the confines of a single method (Brannen 2005).  However, there are critiques regarding the epistemological domain due to the contrasting philosophies of knowledge between qualitative and quantitative methods. Realist ontology assumes a single, observable, and measurable reality, with the researcher in a positivist role. On the other hand, social constructionists believe in multiple realities constructed by participants, emphasising interpretivist epistemology (Creswell and Creswell 2005). In specific research contexts, these philosophies can be less incompatible. Qualitative approaches can be used to trace general theories and trends, while the quantitative approach is not always limited to positivism (Brannen 2005). There is a continuum in research rather than absolute ontological positions, which is what mixed methods propose. In our research, we integrate elements of both qualitative and quantitative approaches, adapting the most suitable method for the specific problem at hand. 

Informed by intersectionality theory, two co-authors of this paper, each possessing more than 20 years of experience advocating for the rights of Arfican-Brazilian communities and the homeless population in Rio de Janeiro, have actively undertaken fieldwork. Their objective was to interact with and purposefully recruit volunteers within two favelas, namely Morro de São Carlos and Morro do Fallet. Through snowballing interview technique, participants residing outside favelas have also been recruited to participate in the research. From a climatic point of view, research suggests that favelas can be a hotspot during heatwaves as a result of building clustering, lack of green spaces and geomorphological location (Peres et al. 2018).  Interviews have been conducted between December 2021 and March 2022. For privacy purposes, we used pseudonyms. Semi-Structured Interview (SSI from now on) is a qualitative method that starts with a guided protocol and, by the end of the interview, answers from participants may become less structured, providing important details about their personalised experience about a certain topic. From a methodological point of view, the choice of SSI can be justified as “SSI accommodates a multiplicity of philosophical assumptions that may reflect feminist, critical, phenomenological, and neo-positivist aims. The purpose of SSIs is to ascertain participants’ perspectives regarding an experience pertaining to the research topic”(McIntosh and Morse 2015). SSI can also be suitable for quantitative research, as the structured part of the questionnaire can be used for statistical analysis. In this research we used statistical tools to characterise and visualise the differences in cooling behaviours among participants in a descriptive manner. We acknowledged the small size of the sample, which includes 32 individuals, and therefore its limited statistic accuracy and the lack of external validity. Quantitative results are not used to develop general statements about the relationship between cooling solutions and selected characteristics of the population examined. Rather, they are triangulated with the qualitative insights coming from the non-structured part of the questionnaire.  	Comment by Antonella Mazzone: Enrica, can you add a sentence for reviewer 2: “32 participants in semi-structured interview might be insufficient statistics as you aldready mentioned in the step making the regressions. A clearer description of how the participants are selected would be helpful for the low amount of participants. In addition, it would be important to state that this number of participants leads to limited statistic accuracy.”

Following the three infrastructures highlighted in the SCP, we asked questions covering access and willingness to visit green areas and what the main impediments were. We asked about the ownership and use of air conditioning, refrigerators and fans and the frequency of such use. We asked about participant’s housing location, materials, and whether sanitation and access to potable water was in place. Such questions were crucial in understanding the multidimensional characteristics of cooling poverty. 

4. Results 

a. Descriptive statistics of respondents’ characteristics and behaviours

Table 1 shows the challenges and vulnerabilities of people living in informal settlement, especially during hot weather. Informal settlements, characterised by overcrowding, limited infrastructure, and inadequate housing, present specific challenges that exacerbate the urban heat island effect. The lack of access to blue spaces, inadequate housing conditions, water, and sanitation issues, coping strategies for heat, household appliances, and the differential impacts of heat on marginalised populations are evident.  Favelas’ dwellers are negatively impacted by the spatial distribution of green and blue spaces, highlighting the limited access to such areas for most participants (60% green spaces and 93% blue spaces). 
With regards to water infrastructure and housing conditions, Table 2 reveals alarming statistics within the informal settlements. The lack of access to potable water (97%) and sanitation facilities (60%) poses significant health risks and underscores the urgent need for improved infrastructure and services. About half of the participants live in homes with inadequate materials such as metal roofs (53%) and unfinished buildings (50%) further contributing to their vulnerability to heat and other environmental stressors.

In terms of coping strategies to mitigate the effects of heat, individuals tend to wear lighter garments during hot spells, particularly garments made of cotton textiles. Surprisingly, walking barefoot, which is a common strategy in tropical hot climates (see(Mazzone and Khosla 2021) as a cooling strategy was not reported by any participants. Participants refrain from walking barefoot within their dwellings due to concerns regarding the potential transmission of diseases. Favelas’ dwellers also have limited ownership and use of air conditioning units. In fact, only five families living in favelas admitted the ownership of AC, while the prevalence of fans (average ownership of 1.8 fans per individual) highlight the reliance on household appliances for cooling purposes, albeit to a limited extent. A significant portion of participants (89%) admitted to illegal consumption of electricity, indicating the challenges faced by residents in accessing and affording electricity through legal means. Regarding the social and the thermal justice dimension, most of the favela’s dwellers interviewed in this study has black (44%) and mixed-race (47%) background with 22% of migrants, especially from Northeast Brazil. Most of the respondents consider themselves female (22%) and 78% call themselves heterosexual.  

Table 1 shows how sub-dimensions of characterising the infrastructure and asset aspect of the systemic cooling poverty intersects with socio-economic and dwelling characteristics. All respondents consider their home to be too hot, but not all of them have the same access to cooling opportunities. For example, access to blue areas is more common among high-income respondents or those who do not live in a favela, and so is for the quality of water and sanitation. Income-poor respondents or favela-dwellers are more likely to have an unfinished house, or a place with poor insulation (metal roof) and have illegal access to electricity through gato. Most appliances are equally diffused among rich and poor respondents, with the exception of air-conditioning, which shows bigger differences.

In terms of cooling strategies (Figure 1), participants not living in a favela show a greater accessibility to behaviours such as going to the beach, visiting green spaces, and going to shopping centres. Living in a favela  limits the options available for cooling. Drinking water, but especially juice or alcohol often remains one of the few cooling strategies available. The lack of transportation means contributes to reducing accessibility to urban green areas, shopping centres, and the beach. Figure 1 also reveals some differences in cooling strategies between black and mixed people and other ethnicities, especially when living in favelas, though the sample does not equally represent the different ethnicities and sexual orientations.

We introduce a multivariate regression (see Table 3) to characterise associations between socio-demographic conditions (income, age, presence of children), dwelling type (favela or non-favela), and the probability of adopting four different cooling strategies[footnoteRef:2]. Utilisation of AC was primarily associated with the age of the respondents (older individuals exhibit a higher probability of resorting to this cooling strategy), the presence of children, and income level. Residents of favelas seem to be more limited in their accessibility to green or blue areas, although the presence of children had a positive effect on the attractiveness of those cooling options. A statistically significant and positive correlation is observed between the consumption of alcoholic beverages and favela dwellers, while individuals residing in these settlements exhibited a reduced likelihood of visiting the beach as a strategy for temperature regulation, which is line with the patterns shown in Figure 1. [2:  We interpret the coefficients in Table 4 as associations and remain agnostic about their magnitude and statistical significance. The small sample size limits the statistical power of the regressions and constrains the analysis to consider few explanatory variables. We only looked at those strategies demonstrating sufficient heterogeneity among participants, namely ownership of air conditioning (AC), visiting green or blue areas, consumption of alcoholic beverages, and going to the beach.] 


b.  Intersectionality analysis 

Disabilities can heavily limit the adaptation opportunities of people. Mauro is a 52-year-old man with mobility impairment. His lived experience of heatwaves and increasingly hot summers in Rio de Janeiro shows how people with disabilities are particularly neglected during extreme climatic events (Chakraborty, Grineski, and Collins 2019). A recent study on heatwaves mortality in Australia shows how of the 543 fatalities due to heatwaves between 2010 and 2018, most victims were affected by one or multiple physical (heart conditions, diabetes, respiratory and kidney diseases) and mental (schizophrenia) disabilities (about 89%)(Coates et al. 2022).  However, to our best knowledge there is still no research aiming at capturing the lived experiences of people with mobility impairment during heatwaves. Mauro can help us shed some light on this neglected issue. In his words: “I would love to take four cold showers a day to seek comfort during heat. But I have some ‘logistic’ (emphasis added) issues related to my condition which impede taking showers, so I only wash myself while laying down in bed once a day”.

Unlike abled participants, who take an average of three cold showers per day during summer, the use of water as a cooling strategy for Mauro is not an option, which makes him dependent on mechanical cooling with enormous impacts on his finances. His electricity bill, he says, triplicates during the summer as they have an air conditioning. He believes that in the summer the electricity bill is higher also because of more frequent use of the refrigerator and washing machine. Changes in sleeping habits have also been reported by Mauro, as they own only one AC unit, the entire family sleep in the same room. Mauro was further limited in his choices of cooling because of access issues. In his words: “I would love to go to the beach and waterfalls in Rio, but I can’t because of accessibility issues.” 

As we have seen in the literature review, access to green spaces is a major challenge for mobility impaired people. Rio does not lack green spaces. There are at least nine major urban parks (Quinta da Boa Vista, Flamengo Park, Parque Lage to name a few) and smaller parks such as (Praça Paris). Despite the abundance of green areas in Rio de Janeiro, accessibility remains a major issue across intersecting social identities. For example, for 95% of the participants who live in the favela, accessing green or blue spaces is not an option (See also Table 3) not only because of the cost of transportation, but also because of their geographical isolation as per the words of Fernanda (46, mixed race, single mother of 3):

We stay at home to keep cool. With the children we use hose showers, buckets, and a small plastic swimming pool, which is already broken! Sometimes, I sunbathe with our neighbours who also stay in the community rather than going to the beach. In fact, it’s a hassle to get there, especially with the children and transport is expensive.  So, we find ways to stay here and cope with the heat. I also find that you get a fake sensation of cooling at the beach. During the time to get there, getting downhill, get transport which does not have AC, it’s too hot. And when you get there, the sand is hot, and crowded! It’s a nightmare. So, my body gets too hot on the beach, then we go back home, go uphill, and that feeling of heat stays with me even at night. No, I do not think leaving home during the summer is actually good for us. To cool the body, it’s best to go to the waterfalls in Tijuca park, but it’s too much hassle again. (Fernanda, 46)

Such cooling spaces, when available, may be inaccessible also for transgender people because of discrimination issues. As Genevieve (45, transwoman and migrant) describes: 

I never used public toilets in Rio, this because not only they’re difficult to find, but I always encounter some problems. There aren’t designed toilets for us, so it always ends up in a fight […] I avoid going to shopping malls and waterfalls as we suffer from discrimination, everywhere people stare at us. The only place I find accessible is the beach.  (Genevieve, 45)

Perceptions of social acceptability vary according to different places. Some places may be more democratic than others. Feelings of being unwelcomed can have an impact on how people negotiate their thermal comfort in the city. One example of this is Vicky, a 33-year-old transwoman affected by HIV disability, who has relocated from Minas Gerais to Rio de Janeiro to access gender-affirming hormonal therapy. Unfortunately, her experience in the city has been marred by constant harassment from men and disapproving looks from women. This unwelcoming environment can create challenges for Vicky in navigating her thermal comfort within the city. For instance, she is hesitant to wear light wear clothing to avoid unwanted attention or harassment, although light wear clothing is a recommended cooling strategy during hot and humid days. She also reported to refrain from drinking too much water when she is outdoors to avoid using public toilets. In her words:

It never stops, from the moment I get out of my home to the moment I come back. There is always someone saying some horrible remarks about me, how I look. Men in particular are the worse as they wolf whistle or make degrading sexual comments. The discrimination is heavy here. They think all transgender women are prostitutes or easy, so we get looked down by women and harassed by men. Even when I go to the hospital to get my hormones, doctors say something wrong or call me by my former name and lack education on our matters. Everywhere says, you are unwelcomed. (Vicky, mixed-race, favela dweller and disabled, 33)

Vicky is a clear example of how concomitant intersecting disadvantages can severely impact her access to thermal comfort.  She faces inherent disadvantages stemming from her residence in a favela, primarily due to the limited physical infrastructures and the resulting geographic isolation of these communities. This isolation is exacerbated by the scarcity of affordable transportation options and inadequate connections to green and blue areas within the city. Moreover, her LGBTQI+ identity exposes her to social discrimination, impeding her access to heat adaptation strategies, such as adjusting clothing for better thermal comfort. Additionally, as someone with a disability resulting from HIV, she experiences social exclusion, further exacerbating the challenges she faces. Because of these concurrent disadvantages, Vicky lived in shelters and has been homeless for years. This issue is of considerable concern due to the fact that heatwaves disproportionately impact homeless individuals, with specific vulnerabilities observed among LGBTQI+ populations, who may experience additional discrimination and marginalization within cooling shelters (Rodriguez 2021). 

Access to water and hydration is one of the most fundamental health recommendations during heat events to prevent heat stress. In the informal settlements of Favela Sao Carlos and Morro Fallet, lack of public transportation and financial resources hinder access to green and blue spaces, forcing residents to rely on water to cool down during the summer and extreme heat events. To do so, they improvise "cold showers" outdoors, also known as "banho de borracha" or "rubber bath" (Picture 1).

Recently, the residents of Rio de Janeiro have been facing an unprecedented water contamination issue that has made consuming water, food, and iced products unsafe for human health. The region's water supply is managed by the state-run water utility company, CEDAE (Companhia Estadual de Águas e Esgotos), which supplies 70% of the region. The quality of the Guandu spring which supplies Rio de Janeiro "is variable, it has a high source of bacteria of faecal origin and bacteria that degrade aromatic compounds, which lead to sewage contamination".[footnoteRef:3] The water crisis in Rio de Janeiro led to many hospitalisations as water entered in contact with mucous membranes, such as eyes, mouth and nose, for example, because bacteria and viruses can penetrate through them[footnoteRef:4].  [3:  https://g1.globo.com/rj/rio-de-janeiro/noticia/2020/06/04/cheiro-e-gosto-ruins-na-agua-do-rj-nao-foram-causados-pela-geosmina-segundo-analises-da-ufrj.ghtml Accessed on the 10/06/2021]  [4:  https://g1.globo.com/rj/rio-de-janeiro/noticia/2020/01/07/infectologista-pede-que-moradores-evitem-o-consumo-e-contato-com-agua-turva-da-cedae-no-rio.ghtml Accessed on the 15/07/2021] 


Fernanda, (46 mixed race, mother of 3) states: 

The quality of water in Rio is very bad. Last year there was a huge deal with the authorities in Rio because tap water tasted like s…t [..] the water stank, and it was brown. So that’s when I got the filter in my tap completely ruined. And I had to buy bottled water. The problem is that I live with three children, we consume 2 gallons of water (20 liter) per week. Each gallon of water costs 20R$, so it means 80R$ per month. But sometimes I can’t afford this amount. So, I either boil some water or I find some ways to get it […] Water is the most fundamental good, but water is not cheap- here we don’t drink tap water as it’s really bad. Fernanda, (46 mixed race, mother of 3)

The residents of San Carlos favelas in Rio de Janeiro, including participants like Fernanda from low-income households, are compelled to negotiate their own hydration strategies in response to the compounding effects of heat, inadequate water infrastructure, and limited purchasing power. Nevertheless, these strategies are frequently burdensome, requiring significant amounts of time and effort to obtain potable, chilled water from various locations across the city, and are largely inaccessible to those who are physically challenged by disabilities. Fernanda herself attested to having to walk for over half an hour in hot conditions and walk uphill in order to reach a source of free drinking water. This case shows the challenges faced by residents of San Carlos favelas and highlights the complex mesh of factors such as socio-economic status, physical ability, and infrastructural conditions in shaping the experiences of marginalised communities in urban settings. 

In light of these findings, it is evident that the socio-economic and environmental contexts of Sao Carlos and Fallet have significant implications for the movement patterns and well-being of its residents. As such, a deeper understanding of the interplay between mobility poverty and cooling poverty can contribute to the understanding of place-based vulnerability and help effective strategies to address the concerns and needs of marginalised communities in urban settings.

5. Discussion

Recommendations like seeking refuge in green spaces, shopping centres, or libraries to avoid direct sunlight seem feasible in various contexts. However, our research shows that residents of informal settlements (favelas)  in Rio de Janeiro face significant barriers in accessing these options due to proximity and transportation costs. Despite the city's abundance of green and blue spaces, this predicament is intersectional and hinders their ability to follow such advice. This finding corroborates what Del Rio frames in terms of mobility poverty among the slum-dwellers of Mexico City (Furszyfer Del Rio and Sovacool 2023). We found evidence that mobility poverty is interlocked with systemic cooling poverty because it magnifies the obstacles to access cooling services such as reaching green/blue areas or the nearest cooling centre or hospital in case of heat stroke. A more nuanced and insidious effect of the lack of mobility infrastructure in general is that people, especially elderly and people with disabilities might find themselves ‘trapped’ in their spaces, and if these spaces are too hot, crowded and not ventilated, they are overexposed to heat stress. This situation metaphorically recall the ‘sweatbox’ -  a torture device used predominantly on racialised people during slavery and racial segregation to manipulate the body’s ability to mediate internal temperatures, as analysed by Starosielski (Starosielski 2021). We are acutely aware that individuals inhabiting the favelas endure living conditions akin to being trapped in a figurative sweatbox, given their limited resources and options to regulate internal temperatures. This unfortunate circumstance arises from historical segregation policies (Pino 1997) that have led to inefficient infrastructures, disproportionately affecting communities of African descent, Indigenous peoples, and migrants from impoverished regions like the Northeast. Consequently, these marginalised and racialised groups bear the brunt of what can be described as a form of invisible 'heat torture', perpetuating the cycle of socio-economic disparities.

Based on interviews with favela dwellers, the primary heat adaptation strategy to avoid direct sunlight involves staying indoors. However, the infrastructural characteristics of their dwelling, such as metal roofs and unfinished materials, worsen indoor temperatures, subjecting individuals to oppressive heat even indoors. As a result, they often resort to hydropractices to cope with the high temperatures. Unfortunately, the water crisis in 2021 made even hydropractices potentially harmful due to the use of unsafe water. The data collected, using both quantitative and qualitative methods, revealed a significant lack of access to potable drinking water, with 96% of participants reporting no access. This alarming finding highlights the widespread use of contaminated water during the research period, exposing individuals to potential health risks and hazardous consequences. Furthermore, the pervasive absence of accessible public restroom facilities, coupled with social discrimination experienced by LGBTQI+ further diminishes the likelihood of adherence to this health recommendation. This finding links with current literature on gender, water and sanitation insecurity (see (Srinivasan 2015)), and points to the additional research that is needed in these areas. 

Most of active cooling technologies are limited to fans and refrigerators, with only five favelas’ residents owning and using an AC unit. Participants admitted that they could only use AC because of electricity thefts, otherwise they would not be able to afford it. While the use of AC can be seen as a maladaptation practice (Farbotko and Waitt 2011), for people with chronic health conditions, disabilities and mobility poverty it can be a lifesaving solution. This indicates the importance of energy affordability in the attainment of thermal safety as already highlighted in the growing literature on energy poverty (Mastrucci et al. 2022). 

This paper also elucidates the importance of immaterial infrastructures of knowledge and heat maladaptation. For individuals residing in favelas, ensuring proper hydration poses significant challenges due to not only the unavailability of potable water, but also the lack of awareness that some practices might be dehydrating instead. For example, we have seen how there is a prevalence of drinking alcohol and highly sugared soft drinks during hot weather among racialised favela residents. Such practices do not help the body to keep hydrated. We also found that eating habits reflect what found in previous studies on urban food security. Low-income racialised people tend to eat less fruit and vegetables (Freedman and Bell 2009), further exacerbating the risks to heat stress. The preferences for highly processed drinks and food among low-income racialised communities has been seen as a form of oppression ‘through poor nutrition’(Freeman 2007). We find this is a useful framing in terms of appropriate hydration to fight heat stress, as food is often a neglected coping strategy in heat adaptation discourses.

Favelas’ dwellers with childcare and reproductive responsibility such as provision of nutrition and hydration (as in the case of Fernanda) are particularly challenged in avoiding physical stain during the hottest hours of the day. This finding is in line with current literature on gender and climate shocks for example - see (Lee et al. 2021). In their study in Tanzania, Lee et al (Lee et al. 2021) found that heat stress significantly increases female family labour supply in female-only households, while it reduces male family labour in dual-adult households without affecting female family labour. This means that women perform their gendered tasks despite hot temperatures. Our study evidence that the lack of basic water and transportation infrastructure can act as a multiplier of disadvantages posing serious heat stress risks on people living in favelas. This because favelas’ dwellers tend to live uphill and lack financial means to use public and informal local transportation (such as motorbikes or minivans).  

6. Conclusion

Given the rising temperatures, widespread health advisories endorsed by governments and international health organizations often assume universal access to essential cooling infrastructures across all regions of the world. This study highlights how marginalised groups have limited access to options that reduce the risks posed by heat stress. The behaviours adopted by the participants in the study reveal that racialised transgender people lack access to green and blue spaces, as well as to options that entail social mingling, such as going to shopping malls. This feature tends to cumulate when these groups live in favelas, which tend to be characterised by lack of basic water, green spaces, and transportation infrastructure. 

The intersectionality analysis shows how racialised women with children often cannot avoid physical exertion during the hottest hours of the day because of their reproductive gendered role. Similarly, racialised transgender people with HIV-related disabilities suffer from constant harassment, which impede their quest for thermal comfort in public spaces. Racialised transgender people face constant microaggressions and acts of violence in public spaces due to societal norms and prejudices and increases the likelihood of homelessness (Goldsmith, Raditz, and Méndez 2022). This has further implications for their thermal comfort. These experiences can lead to a sense of exclusion and vulnerability, impacting the way transgender individuals interact with and navigate through urban spaces. It is crucial to recognise how the power dynamics that shape these experiences of marginalisation and harassment can also build thermal injustices.  

Additionally, the research emphasised the cumulative negative impacts of heat on individuals with mobility disabilities, both in terms of physical limitations to use cooling strategies (e.g., hydropractices) and the social and infrastructural barriers they encounter. People with physical disabilities may have distinct thermal needs due to various factors, including differences in mobility, posture, body size and shape, and effects on the body's thermoregulatory responses caused by the disability itself or medications used to manage it. Assistive devices such as wheelchairs may also impact thermal requirements due to the materials used in their construction. 

We believe the integration of SCP and mobility poverty can provide a key support into the identification of intersectional thermal rights inequalities. We underscore the importance of considering intersectional vulnerabilities and implementing inclusive policies as thermal justice to address the unique challenges faced by marginalised populations. For example, alongside enduring policies aiming to actively diminish racial, gender, and class disparities, we envision the implementation of immediate solutions, such as zero-emission "cooling rescue vehicles." These vehicles are designed to transport individuals at risk of heat stress, particularly those trapped in their homes due to transportation challenges, potentially offering life-saving assistance to specific vulnerable populations. Another valuable initiative might be the creation a platform for public engagement to foster inclusive discussions and incorporate diverse perspectives and ideas regarding access to passive cooling solutions. An additional initiative could concentrate on rescuing and safeguarding lost traditional knowledge on passive cooling among communities, thereby restoring and achieving thermal autonomy. 

It is imperative for forthcoming research to further the efforts of decolonisation of thermal comfort and scrutinise how patriarchal capitalist colonial paradigms permeate individuals' endeavours to seek passive and available cooling solutions. Creating more inclusive and safe public spaces for ostracised communities, not only is beneficial to create a sense of welcoming community in the city, but also ensures an equitable access to thermal comfort. 
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