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Abstract:  
During a period where global fossil fuel corporations and national governments such as Australia and the US continue to avoid or delay tackling global warming, cities and local governments have been increasingly showing leadership in both mitigation of, and adaptation to, climate change (Gleeson et al, 2016). Moreland, an inner-city municipality in Melbourne’s north, recently developed an Urban Heat Island Effect (UHIE) Action Plan. This was in response to research which revealed that Moreland suburbs suffer excessive summertime heat, with temperatures reaching over 50 degrees Celsius. Research that informed the Action Plan revealed that social housing residents in the community are particularly vulnerable to heat stress due to a combination of factors such as health conditions, housing stock and being more likely to be in a particularly ‘hot’ part of the municipality.

The Cooling Communities project aimed to mitigate the impact of the UHIE on residents in ten social housing residences. Partnering with the Moreland Energy Foundation and two local community housing providers, Aboriginal Housing Victoria and Housing Choices Australia, alterations were made to dwellings, ranging from older free-standing houses to recently built apartments. The project created a set of recommendations which outline how to lessen the Urban Heat Island Effect in social housing. 

The project explored key relationships, roles, and responsibilities in addressing heat resilience in social housing. Practical implementation processes, including risk assessment, formed a key part of the learnings and recommendations. The project also had a strong human focus, working with social housing providers and residents to address adaption to climate change impacts in the context of broader social issues and priorities. 
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Introduction
Cities are at the forefront of action to mitigate and adapt to climate change, filling in for the absence of national governments, such as the US and Australia, which have shown themselves reluctant or unwilling to take responsibility for requirements of the Paris Agreement (Gleeson et al, 2016; Stock et al, 2017)
Proposals such as the City of Melbourne’s Urban Forest Strategy have identified opportunities to create significant changes in public space (City of Melbourne, 2012) However, while these initiatives may offer respite on street footpaths and refuge in shaded public spaces, the space within homes also requires a response. As the pioneering climate engineer Wolfgang Kessling (2016) has argues, it is rare in any kind of building design to think about thermal comfort and understand what the body is sensing in creating a healthy space. The linear thinking in the business-as-usual of the built environment sector leads to buildings disconnected from nature and from socio-economic systems (Crawford et al 2016). People on low incomes are twice as likely to have heat-related health impacts when compared to people on higher incomes, particularly low-income elderly and ill people (CSIRO 2013). In Australia, 43% of social housing residents have a disability and have a low participation rate in the labour force, leading them to spend significantly more time in their homes than those in private housing (AIHW 2017)
Even without the increase in extreme weather events resulting from Climate change, the built environment in cities give rise to ‘hot spots’. In developing its Urban Heat Island Action Plan, Moreland Council noted a strong correlation between areas with high heat levels and levels of social housing (CoM 2016).

A project was designed and implemented which successfully achieved its social equity objectives by using a well-established set of skillful climate change responses. It involved the city council, an environmental organisation, community members and social housing providers. Despite the small scale of the research sample, the interventions provided valuable insight into policy approaches. The most valuable information came from the residents of the houses saying what worked for them.
Moreland, the city council involved, is a municipality in the inner north of Melbourne. The environmental organisation who acted as the project delivery partner, Moreland Energy Foundation Limited, is a not-for-profit organisation dedicated to tackling climate change. As well as leading Moreland Council’s Zero Carbon Evolution strategy to reduce carbon emissions in Moreland, MEFL have delivered many consultancy and research projects for clients such as local, state and federal governments, property developers, and community and industry organisations. MEFL have undertaken multiple projects focused on improving the comfort of public and private housing stock. 

The not-for-profit community housing organisations (or ‘social housing providers’) involved were Housing Choices Australia and Aboriginal Housing Victoria. Social Housing is provided through both the state government (public housing) and not-for -profit community housing organisations (CHOs).
Urban Heat Island Effect
Much of the policy level discussion in relation to the impact of increasing temperatures has related to the reduction in emissions required under the Paris Agreement, but, without doubt, we need to accept that climate change is already having an impact on our quality of life. In 2016 the Victorian government released its Victoria’s Climate Change Adaptation Plan issued its climate change plan and within it,  a commitment to “consider matters of equity and environmental justice in decision-making and seek to ameliorate disadvantage through adaptation action” (Victoria, 2016). In addition to the increasing prevalence of extreme weather events, another inevitable impact identified by various people, including climate change expert John Thwaites from ClimateWorks Australia, is the cost of energy and its impact on low income residents (Thwaites, J, 2016). Climate change adaptation is not just adaptation to the changing climate but it is adaptation to factors such as the increasing cost of particular types of energy.
According to the 2011 census, approximately 780,000 people living in Victoria live in a house with an energy rating less than 1 (Alam et al, 2016). Extreme heat can lead to heat-related illness and death from heat stroke and dehydration. Heat stress can also worsen many chronic conditions, especially cardiovascular, respiratory, kidney and cerebrovascular diseases as well as metabolic disorders (D’Ippoliti et al., 2010). In 2009 in Victoria 179 people died as a result of the Black Saturday fires however more than 370 Victorians died from extreme heat that same week. Despite its temperate climate, Melbourne currently experiences more heat related deaths than other Australian cities and it is predicted that by 2050 an extreme heat event in Melbourne could kill more than a thousand people in a few days. (PWC 2011).

The UHIE is a key adaption issue for Moreland. A UHIE vulnerability map for Melbourne produced by Monash University (2014) identified Moreland suburbs Glenroy and Coburg as the Melbourne suburbs (including Sunshine, St Albans, Preston, Reservoir, Clayton and Dandenong) most at risk due to a combination of extreme heat and social vulnerability.  Further mapping work undertaken for Moreland in 2015 found there were very few cool places in the municipality and a significant number of extremely hot places, where surface temperatures commonly exceed 50 degrees Celsius (CoM, 2016). Moreland’s population is set to increase almost 35% in the next 20 years, which will further increase developed areas and human activity (ID Atlas, 2017).
Social housing in Victoria
Disability, chronic illness and multiple disadvantages and oppressions are commonly experienced by those living in social housing. Social Housing is however an umbrella term for homes provided through both the state government (public housing) and not-for -profit community housing organisations (CHOs). CHOs are in a period of major change and growth, driven by a new common Housing Register, significant funding for new buildings, and public housing stock transfer initiatives under the state government's Homes for Victorians strategy (Victoria, 2017). 97% of social housing tenants in Victoria were in bottom 40 per cent of income in 2016 (Productivity Commission, 2017). Not every person is equally at risk from heat stress: targeting social housing is a good investment because it targets a population group at high risk, and so ensures the biggest impact.
Social housing tenants are highly vulnerable to the effects of extreme weather and other climate change impacts. They often spend more time in their properties than private tenants or owner occupiers and face a range of barriers to improving their homes. These include the requirement for approval from their landlords to undertake works, limited access to money, poor physical and/or mental health, limited knowledge of effective measures to prevent heat stress and limited or no English proficiency. 

It is critical that our homes can provide a safe and healthy environment during times of extreme heat.  Social housing in Victoria tends to be old, inefficiently designed or built or poorly maintained, but there are proven measures that can be taken to improve the protection they offer residents from extreme weather. Research has identified significant opportunities to reduce severe heat-related health risk within Australia’s social housing portfolio through building upgrades and urban greening (CSIRO 2013).
Existing research
Research undertaken by the South-East Councils Climate Change Alliance (SECCCA), Low Income Energy Saver Direct Care and Motivators Project, worked with 320 residents who receive home support services from local councils. While focussed more on benefits in winter, the program resulted in significant savings from a combination of physical interventions like draft insulation along with advice (SECCCA 2016).  Participants reported improved wellbeing, and a key success factor was working through existing trusted services and personnel (Hunt, G and Buragohain 2016). Sustainability Victoria (2015) undertook a study based in 60 Victorian households where investments in improving the energy efficiency of existing houses generate the largest return on the investment. The most efficient retrofit options applied were wall insulation, followed by draught sealing and double-glazing. Ceiling insulation top-ups, wall insulation, drapes and pelmets and external shading are the measures, which have the least impact.
Selection and negotiation
All social housing properties identified within the priority areas were then analysed to determine priorities for retrofits within the Cooling Communities program. An initial review of the 2015 thermal mapping data shortlisted those with land surface temperatures (LST) over 44 degrees. This excluded a number of properties that benefited from localised cooling, due to factors such as irrigated ovals, the Merri Creek or large tree canopies. Whilst it is noted that temperatures up to 44 degrees are still considered excessive, in the context of the Moreland UHIE, many properties well exceeded 44 degrees at the LST. 

From the shortlist, we identified two different Social Housing Providers to work with – Aboriginal Housing Victoria and Housing Choices Australia. Having two delivery partners enabled us to explore different approaches to property maintenance and management, as well as a greater diversity of stakeholders and residents.
A particularly important aspect of this project was the use of a multidisciplinary team for both the physical assessment of the properties and the engagement with residents and organisational representatives. This is an example of the need for science and social science to meet in response to the practical challenges of climate change adaptation. For example, the questionnaires at the beginning and the end of the process were designed for both their sensitivity to, and respect for, the residents as well as the need to gather specific information that would fit into the technical assessment.
Pre-intervention narratives

Social housing providers told us that they were often not very familiar with the local conditions within which their houses and apartments are sited, therefore risks from the Urban Heat Island Effect would not be included in their regular assessments of their housing assets, or their strategic plans for redevelopment of assets. A key differentiating factor in the development of this program and of the implementation this program was the care taken to involve residents throughout the process. It was of concern to the project team that the number of visits that would need to be made to people’s homes by project team members and tradespeople might be disruptive for residents, rather than providing only benefits for the residents, which was the intention. Many visits did need to take place throughout the program, but the trust and connections built during the pre-intervention consultations resulted in residents expressing happiness with the project despite experiencing some inconvenience. The initial survey captured the particular conditions of the home, and the particular conditions of the residents in the home at different times during the day and at different times of year, and, most importantly, the particular health issues raised were all recorded. Another factor that seemed to be significant in the operation of social housing was set assumptions in relation to how property should be managed and what facilities should be available in properties. For instance, often yards and garden areas would be paved over for practical reasons, however these create a dangerous situation for residents in terms of increasing the Urban Heat Island Effect.
What was done

Types of dwellings were:

•
4 apartments (within 1 apartment building)

•
4 attached single storey houses

•
2 attached single storey houses 
Although each property presented a different challenge the hierarchy in the decision making was to: 
Improve building fabric through commercially available technologies proven to influence thermal performance including external shading, draught-proofing and insulation. These measures are predominantly ‘set and forget’ meaning that the resident does not have to take action for them to be effective. This can be important when new residents take over the property. Many of these measures also improve comfort during both summer and winter, thereby reducing energy costs and carbon emissions required to heat and cool homes.

Provide natural cooling through green and blue infrastructure. Green infrastructure (trees and vegetation) has been proven to improve thermal comfort within and around buildings and reduce energy demands for summer cooling through shading and evapotranspirative cooling ( Del Barrio 1998; Sailor 2008; Sailor et al 2008 VCCAR) Evapotranspiration, alone or in combination with shading, can help reduce peak summer air temperatures by 1–5°C. Surfaces shaded by trees can commonly be 11–25°C cooler than the peak temperatures of unshaded materials. As Figure 3 shows however, on days of extreme heat the temperature difference under a tree canopy can be more than 30°C lower than unshaded areas. Vegetation can also reduce solar radiation reflected from ground and building surfaces. Studies have also found an increased area of urban green space near the home to be an important factor in reducing health impacts of heatwaves (Tan, J et al ,2007). Blue infrastructure (water) is critical in ensuring that the vegetation can provide these cooling benefits.
Mechanical upgrades including fans and split system air-conditioners. While air-conditioning has been shown to reduce heat related morbidity (Ostro et al, 2010) these interventions were the least desirable option for retrofits. As these measures do not change the underlying thermal performance of the dwellings, they are ineffective during blackouts, which are more likely to occur during heatwaves. In addition, they may increase the UHIE through waste heat, along with increasing carbon emissions and resident’s energy bills.
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Figure 1 Retrofit Hierarchy adopted
Key Project Findings
Given the small sample size, the length of the study (6 months) and the fact that no external heatwaves were recorded during the study period we utilised two key data sources to measures impact: resident surveys and data loggers.

Extensive data was gathered about the dwellings and their occupants through face-to-face surveys. These were conducted at three points in the study: prior to works, during summer and post-works. These sought to understand the resident’s subjective views on the comfort of the property and whether this changed after the works were completed along with their use of appliances, strategies for coping with extreme heat and health impacts of extreme heat events.

Thermal performance indicators – resident perception
Many properties experienced severe heat prior to the upgrades, putting the health and wellbeing of the occupants at risk. At the start of the project all residents were surveyed to assess their perception of the thermal comfort of dwellings. For the purpose of the survey thermal comfort was defined as ‘the residents’ satisfaction with the temperature’. 60% of those surveyed reported that their homes were hotter inside than outside, 60% reported feeling very uncomfortable or uncomfortable during heatwaves and summer in general. 
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Figure 2: Resident perception of thermal comfort pre-works

Whilst 40% of residents stated that they could cool their homes in summer 90% of those surveyed reported that they experienced problems sleeping in summer, all attributing this to the heat inside their homes. It was common for the residents to change their sleeping areas to cooler places within their home, even if this meant the whole family sleeping on the floor. One of the residents often moved to stay with their son and his family in their home during periods of extreme heat to avoid exacerbating their health issues. Whilst the resident was able to avoid the worst impact of the heat they reported that their preference would be to remain in their own home during summer if possible. 60% of residents also reported they had experienced health issues related to heatwaves. These included heat stress, headaches, cardiovascular issues, anxiety, respiratory issues and dizziness.

Thermal performance indicators - Temperature loggers

As resident perception of thermal comfort is subjective data loggers were installed in each property to capture information on the internal temperature and humidity.  The data loggers found that prior to upgrades the internal temperatures in many of the properties often exceeded levels deemed safe for occupant health and wellbeing. 

One of the measures used to measure thermal comfort is the indoor Discomfort Index (DI). This measure has been in use for over 40 years and is regularly utilised due to its ease of use and physiological significance (CSIRO, 2013). It provides a measure of air temperature and humidity, two factors contributing to heat stress, but excludes other potential physiological effects due to air movement or radiation.  

The threshold DI measures in this study are:

 <  22
No heat stress is encountered

22-24 
Most people find a mild sensation of heat

24- 28 
Heat load is moderately heavy, people feel very hot

  >  28 
Heat load is severe, people at increased risk of heat illness
The data showed all properties reached levels where people feel very hot and many reached levels that put residents at increased risk of heat illness.

Given the resident responses on experiencing problems sleeping due to overnight heat we also analysed the temperature fluctuations in properties over the 24-hour period on hot days. This is significant because another study in Melbourne has found that the average daily mortality for people aged 65 years or over increases sharply to between 19 and 21% once overnight temperatures exceed 24°C ( Nicholls, N, 2008).

As figure 3 illustrates the temperature inside properties CC4, CC7, CC8 and CC9 failed to drop below 24 degrees Celsius at any point (day or night) during the hot weather event from 6 to 11 of January. 
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Figure 3  Number of hours internal temperatures in specified ranges during hot spell in January 2017.

Poorly designed apartments provide limited retrofit options  

Split system air-conditioners contribute to the UHIE because they release hot air outside te building, thus making the surrounding area warmer. They also have the potential to increase energy bills and carbon emissions as a result of their use. 

Despite this, we found however that the four apartments in the apartment building offered minimal options for either building fabric or natural cooling upgrades. Their location in a five-storey apartment block with 100% site coverage and no open space meant that passive cooling measures such as external green infrastructure (vines or canopy) and external blinds were too difficult to retrofit. For example, retrofitting a green wall onto a façade of the building far exceeded the budget of the Cooling Communities project. In addition, given the recent construction of the apartment building there was less need for additional draught-proofing or insulation. Consideration was given to installing external louvered screens to protect glazing from the sun, however on investigation the cooling benefits these would provide were limited due to the metal façade of the building also being extremely warm.

Before taking the decision to install air-conditioning an additional ceiling fan was installed in each property and reviewed the resident perception and temperature and humidity data. 

In the summer survey, all four residents reported that there had been ‘not a significant difference’ in the comfort of their home during hot days. Three reported that they were had been ‘not very comfortable’ during the hot periods in December and January and one reported feeling ‘not comfortable at all.’ 

Residents noted:

‘the bedroom was still pretty hot after installing the ceiling fan.’

‘It’s not enough with only the ceiling fan in the bedroom.’

The temperature data from CC9 confirms that the fans installed on 23 December had limited impact on their own. 

At the end of the hot period in early January the average daily temperature inside the apartment had risen to 33 degrees Celsius. Even when the temperature outside dropped it took several days for the temperature within the apartment to fall below 25 Celsius, due largely to the lack of natural ventilation. On both 1st and 9th January the internal temperature exceeded the external one by 6 degrees Celsius. 

Whilst CC9 recorded the highest temperatures due to its location on the 4th floor and western orientation with exposed window glazing and the metal façade which also reflected onto this glazing, the data showed that all four apartments in the apartment building experienced similar patterns of heat accumulation during and following hot periods. 

A key issue with the design of these apartments is the lack of natural ventilation and absence of any cross ventilation between windows and rooms. All apartments have sealed bedroom windows. a single external sliding door to the balcony and a front door which opens on to a hall with limited ventilation. The lack of openable windows is due to the immediately adjacent railway station and efforts to reduce railway sound in the apartments. The building also has no external shading devices for exposed windows, whilst a metal cladding as an architectural design feature radiates heat and then reflects the heat back into the apartments. 
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Figure 4 Thermal image shows temperature inside the hall at apartment block (CC7-CC10). External temperature was 22.6 degrees Celsius
Given the lack of other cooling options available the decision was made to install energy efficient split system air-conditioning units into all four properties.

Responses from Residents

Frank is in his 60s and has lived in his Hadfield home with his brother for 33 years. He lives with a cardiovascular medical condition after suffering a heart attack 20 years ago. 

He had been looking for ways to cool his property down, reporting that “it’s been a hotbox since 1983. It’s unbearable here.”  

Upgrades to Frank’s property included draught-proofing and insulation, twelve trees and 30 shrubs, a 2,000lt rainwater tank to offset the costs of additional watering, a ceiling fan, a split system air-conditioner and a 2.08kW solar array to help offset the cost of the additional cooling.

Frank is now a happy man. “Now I can sleep at night. Before I was tossing and turning all night.”
Whilst he finds the air conditioning has made the biggest difference to his health he is “amazed how much difference simple things [like draught-proofing] make.” He’s also looking forward to when the trees grow and he can sit out in the garden during summer again.
Julia is in her 60s and has lived in her Pascoe Vale home for two years. While she loves her home she has struggled with the heat over summer. The apartment does not have any opportunities for natural ventilation as the windows do not open, and the concrete and metal construction retains the heat long after external temperatures drop. 

The hot nights exacerbate her existing cardiovascular and renal health issues. Prior to the retrofit she slept in the lounge or moved out to live with her son and his family during hot periods. She had purchased a portable evaporative cooling unit but found this to be ineffective to reduce humidity.

Upgrade options for Julia’s property were limited due to the apartment design and included a ceiling fan and split system air-conditioning. 

She had been unsuccessfully looking for an affordable private rental with air-conditioning because the heat was so unbearable for her. Now she can stay in the apartment and “the rest of her life is happy.”
Julia reports that since the upgrades she is “happy for everything, but first of all my health. Thank you, thank you.”
Implications for policy and practice 
From the project and discussions with project stakeholders the following issues were identified:
Existing building and planning requirements need to do more to promote passive design

While the apartment building reviewed as part of this project would be unlikely to be granted a planning permit today this is due to local policies Namely, the Moreland Apartment Design Code, Amendment C142 and Clause 22.08 of the Moreland Planning Scheme, which contains the Environmentally Sustainable Design policy reviewing passive design, reduced reliance on mechanical cooling and emphasis on natural ventilation and natural cooling. State building and planning policies do not have adequate requirements for cooling through passive design.

There is a lack of funding for social housing providers to improve existing properties

While state government recently announced funding packages to retrofit thousands of public housing properties with measures that will improve residents thermal comfort there is are no similar funding options available to Social Housing Providers. Several stated that they rely on small grant funded projects, such as this one, to deliver significant energy efficiency upgrades.

All the social housing providers we met with were keen to provide residents with housing that is safe and healthy however funding for all upgrades outside of essential repairs is limited. Priority is usually given to upgrading kitchens, bathrooms, floor coverings, painting and structural repairs, however a few social housing providers are beginning to incorporate draught-proofing and insulation works into maintenance upgrades. One of the social housing providers also fitted several properties with window film following concerns raised by the study.
Some social housing providers noted that they would be unlikely to retrofit external shading (notably retractable awnings and shade cloth) due to restricted maintenance budgets.

Whilst some older residents may be able to access funds to upgrade their properties and maintain their gardens through the Commonwealth Home Support Program this is not commonly understood by residents or social housing providers.

Existing policies within Social Housing Providers may restrict effective retrofit options

Several social housing providers have a policy not to install air-conditioning (whether funded by themselves or residents) unless the resident has a specific medical condition requiring cooling. This is traditionally due to concerns over maintenance requirements. Some social housing providers are however starting to replace faulty gas heaters with split system air-conditioning.
Some social housing providers prefer to concrete over outside areas of their older residents’ properties to make them easier for residents to maintain. 


Lack of knowledge about the impacts of UHIE on residents’ health

Whilst social housing providers must provide accommodation that is ‘safe, secure and affordable’
 they do not traditionally assess the thermal performance of their dwellings as part of their property conditions reports 
Social housing providers are usually unaware if their properties are located in areas with high vulnerability to UHIE. 

Social housing providers do not generally consider thermal comfort or resident vulnerability to heat stress when allocating residents to properties.

Many social housing providers lack technical skills on the potential for trees and other vegetation to improve thermal comfort and reduce resident’s energy costs. Others view the garden as the resident’s responsibility.

Many social housing providers do not understand additional UHIE impact of concreting over gardens and the role green infrastructure can play in reducing heat. 

Engage residents in the retrofit process

Residents know how the different rooms in their homes perform in heat and how they use each room. Residents are therefore a key source of information when deciding which measures would be most effective for each property. We therefore suggest that social housing providers include residents in the decision-making process for retrofitting properties.

This is especially the case with the green infrastructure upgrades. Given that the trees and vegetation will require ongoing maintenance it is important to allow the residents to choose from a range of suitable options. Providing the residents with trees and vegetation of their choice engaged them in the process and helps to ensure that they will continue to provide care as needed. 

Conclusion 
The Urban Heat Island Effect is a reality and the need for social housing to safely house vulnerable citizens is also a reality. This research points to the need to have a better understanding of how people use their spaces (including abandoning them at times) during times of extreme heat and how interventions can be life enhancing and lifesaving.
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