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Abstract: Integrating urban climate knowledge into building design and urban planning practice have been 
proven to be the best effective approach in mitigating Urban Heat Island (UHI) and unexpected hot days. 
Climate-conscious design needs to be implemented in structural and environmental development of any city 
components to improve microclimate and human wellbeing. This paper addresses a review of recent literature 
about the impacts of urban geometry and ground surface materials on microclimate and urban heat islands. The 
method adopted for this research is a review of scientific literature on both experimental and simulation studies 
about effective heat mitigation strategies at pedestrian level and canopy layer. Strategies for mitigating UHI 
need to be integrated into a holistic approach to an urban context. This paper also reviews the housing land 
consumption, contribution and allocation of residential open space in Adelaide from 1836. This research clearly 
indicates that there is a need for more research into residential open space performance in an urban 
environment and its potential benefits work towards mitigating adverse effects of urban heat islands. It 
concludes that all these promising heat mitigation strategies can be applicable to neighbourhood areas and 
houses landscape in Adelaide by considering the current situation of residential density. 
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1. Introduction:
Nature and climate had a great influence on the design of all parts of buildings and urban settings 
(Beazley and Michael, 1982). Historically, vernacular architectures and human settlement areas have 
shown different creative ways for building construction in each climate. Therefore, the idea of creating a 
living place was based on integration of climate condition and human demands. Modern urbanization 
which captured its source from industrial revolution lost the connection of buildings to climate and 
human thermal comfort (Freestone et al., 2008). Radical changes of contemporary living area and the 
use of mechanical heater and cooler facilities caused to fade the meaning of open spaces as an effective 
part of urban structure in designing a sustainable architecture (Taleghani et al., 2014).  
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Living patterns of buildings and transforming of natural cover into built environment generate 
distinctive urban land use. Urban environmental transition typically involves the substantial replacement of 
natural cover by manufactured materials. Both urban land use and land cover modify the underlying 
atmosphere and create different climate. Urban pattern, density, urban land cover and other socio-
economic aspects of a city play a critical role in determining the effects of urbanization on temperature 
variation. Physical changes of built environment have caused heat emissions and global warming.  Climate 
change is adding a new set of global threats to sustainable development. A set of sustainable urban 
development requires weather and climate information which retrofit the climate to make cities more 
adaptive and resilient. Residential neighbourhood areas are a major component of any city. Adding climate 
information for residential neighbourhood planning to energy efficiency management has distinct impacts 
upon Climate-conscious urban design and climate change action plan.  

2. Housing at Neighbourhood level:
Built environment refers to all range of buildings, green spaces, neighbourhood and supporting 
infrastructure. An intelligent urban design seeks to consider all aspects of building design in an urban 
context to improve both residents and communities’ well-beings and livability. Housing sector is a 
fundamental component of urban context which can be more effective in controlling unexpected heat 
and enhancing public health environment (Wong et al., 2009; Ikechukwu, 2015). In fact, minimizing 
unexpected hot temperature in residential neighbourhood has effects on residential energy 
consumption and UHI. Potential heat mitigation strategies have been widely studied to provide a heat 
resilience city. According to Stewart and Oke (2012), to measure the intensity of UHI, each climate zone 
needs a guideline to compile the common heat mitigation strategies in an urban area which is called 
“local climate zone”. Local climate zone is proposed as a new framework to extract UHI intensity from 
local temperature observation in a neighbourhood being similar in surface cover, structure and 
materials. Following sections aim to review and discuss the important heat mitigation strategies that 
affects temperature variation at pedestrian level including aspect ratio, surface material and green 
canyon. 
2.1. Urban canyons and aspect ratio 
Several research on climatic design and built environment are available (Oke et al., 1989; Stewart and 
Oke, 2012). Land use and land cover are known to be the important parameters governing air 
temperature variations (Kotharkar and Surawar, 2015). One of the most important connections between 
land use and land pattern is aspect ratio which affects human thermal comfort and urban heat island. 
Urban pattern affects climatic elements such as solar radiation, wind speed and air temperature. It is often 
demonstrated as the Height/Width ratio (H/W) or aspect ratio. The ratio of mean height of buildings (H) 
and intermediate mean width of street (W) is mainly used in urban climatology. Aspect ratio also depends 
on street orientation, which comes from urban design strategies and has relation to the sky view 
factor (SVF). Aspect ratio and SVF affect the level of sun exposure, air velocity within urban canyons and 
gaining reasonable access to daylight. 

Aspect ratio has adverse effect on temperature pattern. Deeper canyons increase both thermal 
inertia (taking a long time to heat up and cool down) and shading. Shashua-Bar et al. (2004) claimed that 
wider spacing between buildings could lead to an increase in daytime air temperature by 4.7˚C compared 
to baseline temperature from meteorological references. Deeper open spaced with narrow spacing 
showed 2.1˚C temperature differences. Bourbia and Boucheriba (2010) measured air and surface 
temperatures at seven different sites in Algeria with the aspect ratio from 1 to 4.8. Their research in a hot-
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arid climate showed deeper canyons presented lower values of air and surface temperature. Increase in 
SVF leads to a higher diurnal average temperature. Thus, higher aspect ratio and smaller SVF have resulted 
in a cooler built environment.  

Elnahas (2003) found out east-west street orientation is a preferable orientation in mid-latitude 
cities like Adelaide to decrease urban heat island intensity in residential areas. Deeper canyons are cooler 
(H/W=0.7 are 0.5˚C cooler than H/W=0.5) and in addition, higher density experiences warmer temperature 
during the afternoon until early morning. High-resolution microclimate modelling systems such as Envi-met 
and RanMan Pro enabled researchers and engineers to simulate thermal comfort conditions for different 
street canyon aspect ratio (Perini and Magliocco, 2014). Abreu-Harbich et al. (2014) simulated 3D street 
canyons based on meteorological data over 7-year period. Their research indicated that providing shade on 
pedestrian areas and on façade are effects on mitigating the bioclimate thermal stress especially for 
canyon with aspect ratio of less than 0.5. An aspect ratio up to 2 improves thermal comfort and shading 
area during the daytime more than other ratios. Perini and Magliocco (2014) simulated Mediterranean 
climate for three cities in Italy, namely Milan, Genoa and Rome. The study showed that tall buildings 
effectively rise thermal comfort level during the daytime owing to their shading effect at street level (1.6m 
from ground level). Therefore, the combination of tall buildings and narrow streets (deep canyon) 
decreases wind flow and air temperature. It also reduces the negative effects of summertime thermal 
comfort by shading of buildings at lower level. 

2.2. Surface materials 
Heat is re-radiated by urban corridors and pavement materials (Ikechukwu, 2015). Use of 
appropriate materials in urban fabric is one of the most effective techniques to mitigate heat islands in 
urban areas (Akbari et al., 2001; Synnefa et al., 2008).  

According to Santamouris et al. (2011), high reflective materials decrease the cooling load of 
buildings however, they may increase heating needs during winter period.  Covering streets with low 
albedo materials such as asphalt increase the sensible heat flux from the surface and results in warmer 
temperature of the canyon. The dark pavement creates urban heat island. In 2012, Santamouris evaluated 
the replacement effect of dark coloured asphalt with white painted materials which showed 7˚C reduction 
in daily surface temperature (Santamouris et al., 2012). In similar studies, Doulos et al. (2004) claimed that 
surface temperature of fresh asphalt is about 35˚C warmer than air temperature, however, light coloured 
paving tiles are only 5-7˚C warmer than air temperature in the same conditions. Urban materials have 
influence in change of temperatures with respect to absorption and reflectance properties of materials.  

Akbari et al. (2001) presented that high-albedo pavement and trees have a substantial effect on air 
temperature and help in saving national cooling demands about 20% through a large-scale 
implementation. The results from applying a high-albedo coating to a house showed that 80% seasonal 
savings of base-case use and a reduction of 25% in peak demand. It also showed that 0.25 increase in 
albedo led to 10˚C decrease in surface temperature. Less absorptive (high-albedo) materials covered with 
white coating reduce the temperature by only 10 C. Highly absorptive (low-albedo) materials, change the 
differences between surface and air temperature up to 50˚C. 

The cooling potential of white materials demonstrated a few degree warmer ambient air 
temperature during the day and cooler during the night. In parallel, white coatings indicated different 
thermal performance compared to natural materials like white marble and white mosaic. Doulos et al. 
(2004) asserted that mean daily surface temperature ranged between 29.7˚C (for white marble tile) and 
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46.7˚C (for asphalt tile). In their research, experimental time period conducted on 31.2˚C ambient air 
temperature. Therefore, white marble can be cooler about 2.4˚C than white coating in the same 
conditions. Surface temperature differences range from 4.2˚C for common yellow to 11.4˚C for common 
green. Pavement materials such as asphalt, concrete, ordinary soil and vegetation increase UHI by 4˚C, 3˚C, 
2˚C and 1˚C in air temperature respectively (Ikechukwu, 2015). At the second phase of this type of 
research, cool coloured materials have been developed by using infrared reflective pigments mixed during 
manufacturing process. Cool paving materials reduced peak ambient temperature by up to 1.9˚C.  

Raghavan et al. (2015) monitored temperature variation in different land cover around the 
buildings on 24th march 2014 and 21st April 2010 in India. He stated that temperature distribution over 
water body showed a circular pattern ranging 34–38˚C from inner region to outer region. The areas near to 
the lake showed a temperature range of 37–38˚C. A small patch covered by vegetation has temperature 
range of 36–37˚C while temperature in surrounding areas increases from 37–39˚C. Moreover, Concrete, 
tile and brick absorbed heat during day time and released the heat slowly to the atmosphere at night time. 
In addition, wind direction affected the urban heat islands forms and there was a slight cooling effect over 
the urban areas nearby open fields or barren lands. Temperature range in open field and grounds was 
mainly increased from 40 to 41˚C. 

To sum up, the effect of pavement materials has been well-documented in urban conditions and 
computer modelling. Therefore, the parameters of urban cover and surface materials play a vital role in 
climate change and ecological imbalance and as the results, an appropriate design leads to decrease in 
adverse effects of urban areas.  

2.3. Green space 
Green space affects thermal comfort condition and human health as well as energy consumption and air 
quality (Akbari et al., 2001; Norton et al., 2015; Verbeek et al., 2010). There is numerous research on 
temperature changes due to use of green space. Oke (1989) argued that urban parks are 1- 3˚C cooler 
than their surrounding urban areas. A study in Athens showed that the average night time cool island 
intensity varies between -0.7 and 3.6˚C, although the cooling daytime intensity varies between -0.2 and 
2.6˚C (Skoulika et al., 2014). Air temperature monitoring in an urban park in Melbourne demonstrated 
2.6˚C cooler than the Melbourne CBD during nocturnal UHI (Torok et al., 2001). Similarly, Adelaide 
Parklands are found to be cooler by 0.64˚C in day times and 1.32˚C at night time than the CBD (Ewenz et 
al., 2012).  

The cooling effects of green areas also depend on irrigation, the direction of prevailing wind, 
presence of trees, traffic volume in the surrounding areas and density of urbanised areas (Svensson and 
Eliasson, 2002). Zhou et al. (2015) claimed that park cooling effects in London extended to 200m - 400 m 
distance. Svensson determined that air temperature variation beyond the park boundary in Gothenburg 
and Sweden was 0.33˚C per 100 m2 (Svensson and Eliasson, 2002). Chen (2013) simulated thermal effect 
of city parks and showed that the range of cooling effect of green areas is more than 100 m and less 
than 400 m when the green areas reached 400m2. In similar studies, Ca et al. (1998) measured air 
temperature at the height of 1.2 m and showed that a size of 0.6 Km2 Park at the windward side of a 
busy commercial arears reduce the air temperature by 1.5˚C. Table 1 lists the studies on the effects of 
green landscape on air temperature.  
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Table 1: Studies on green space on temperature variation 
Research Location Climate Methodology Significant findings 

Skoulika et al, 
2014 

Athens, 
Greece 

subtropical 
Mediterranean 

Measurement 
setup by 15 
stations in 
medium size 
urban parks 

• Mobile traverses along urban parks
showed temperature gradient between
3.3 to 3.8˚C in 5 m/s wind speed and 
outside urban parks varied between
0.16˚C and 1.4˚C /100 m. 

• Parks decrease average temperature by
0.8–1.2˚C in comparison with their 
immediate surroundings (less than 300
m distance). 

Torok et al., 
2001 

Melbourne Oceanic climate Mobile traverse 
measurement 
setup in four 
small towns 

• An urban park in Melbourne showed 
2.6˚C reduction in temperature of the 
Melbourne CBD area at night. 

• UHI effect had decreased to 2.2°C over
concrete and 1.7°C over grass. 

Ewenz et al, 
2013 

Adelaide Mediterranean Mobile traverse 
measurement 
setup 

• Adelaide Parklands are found to be
cooler by 0.64˚C in day times and 1.32˚C 
in night time than Adelaide CBD 

Oke et al., 1989 Vancouver, 
Canada 

Moderate 
oceanic climate 

Simulation • urban parks are 1-3˚C cooler than their 
surrounding urban areas 

Meanwhile, many of UHI mitigation strategies are still emerging in city level of open spaces. Local 
climate action plan, as well as planning policy can affect both building codes and energy efficient 
standards to alter climate conditions. Climate resilience in smart growth projects is an essential step 
toward urban consolidation. Percentage of green space is declining due to urban consolidation. Hence, 
focus on greening need be considered in individual potential green assets (terrace, private open space 
and frontage). There are various studies on public open spaces. However, green open spaces have been 
more effective by focusing on both public and individual open space which established significant 
portion of a city.  

The literature demonstrated that the mitigation strategies mentioned above can be applied in 
any residential neighbourhood areas irrespective of local climate action plan. To find out effectiveness 
level of the mentioned heat mitigation strategies, residential development of a case study is needed to 
integrate into urban climate- conscious plan. 

 Adelaide is a nature sensitive city and has developed to a medium density housing (DPTI, 2010a). 
In a medium density city, residents still have direct connection to nature and this is a potential 
opportunity to study more on open spaces in different type and size. Next section presents historical 
evolution of open spaces and land consumption in residential area of Adelaide to evaluate how these 
strategies could be applicable in housing sector to mitigate heat island intensity.  

3. Historical evolution of housing in Adelaide
A climate assessment modelling carried out by CSIRO, in 2002 and 2006 shows that South Australia’s 
maximum average temperature has increased by 1.2˚C, the minimum by 1.01˚C and the average 
temperature by 1.1˚C Compared to national trends. Maximum temperatures of South Australia indicate a 
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faster rate of increase while minimum temperature shows a slower rate (Ridley and Boland, 2012). The city 
of Adelaide usually experiences long, hot and dry summers in which heat waves are common. It is the only 
major city in South Australia and is home to over two-thirds of state’s population. The geography of 
Adelaide which bordered by sea to the west and hills to the east has caused development to stretch north-
south over time. It turns Adelaide to a great metropolitan fringe from the CBD compared to other 
Australian cities. The more intensive use of land for residential development in Adelaide has contributed to 
housing choice over the few decades. Infill development and medium density housing have been 
suggested in inner and middle rings located up to 20 km from the CBD. Moreover, government put 
emphasis to deliver substantial growth in the number of energy efficient houses from 2010 which leads to 
reduction in energy consumption. Apart from putting emphasis on constructing more energy-efficient to 
improve the interior condition and energy consumption of buildings, further immediate attempts in 
controlling climate change in medium density housing need to be addressed. Contribution of open spaces 
and land consumption rates in residential areas need to be studied to consider the effective urban heat 
islands mitigation strategies and control temperature variations. 

In pre-industrial era, ‘open space’ covered wider areas from an agricultural production area to a 
semi-urbanized consumption area where people reside, work and recreate. In Adelaide, the provision of 
open space has been formed based on the concept of Colonel William Light’s 1836 plan. Parklands around 
the CBD created the important part of initial urban landscape of Adelaide. These unique public parks 
affected later urban land cover planning in Adelaide. Despite this, there was no legal mechanism for the 
provision of urban park at the time of land division until 1929. In Town Planning 1929-1957, government 
allocated some land to open space and town planners held approval if the plan did not provide adequate 
reserve. Under this Act, approximately 5% of a subdivision created by 20 or more allotments required to be 
allocated as public reserve (Government of South Australia, 1962). All these attentions to the urban parks 
affected by the first concept of urban planning made Adelaide as nature sensitive city. From Planning and 
Development Act 1967, government introduced the provision of up to 12.5 percent open space at the time 
of land division (DPTI, 2010b). Since Planning and Development Act 1993, local government of South 
Australia has kept this legislation in Adelaide’s Metropolitan Open Space System (MOSS) to ensure that 
each resident has access to open space at a regional scale (DPTI, 2010a). 

In The 30-Year Plan for Greater Adelaide, the impact of the climate change on urban development is 
considered. It claims that urban structures, surface materials and other contributing factors such as open 
spaces affect urban climate by trapping heat which leads to increasing hot days. The 30-Year Plan 
proposed several strategies to achieve greater liveability in a hotter climate, such as improving the thermal 
efficiency of buildings and creating a network of the open spaces to have a cooling effect on new and 
existing areas. The plan provides Metropolitan Open Space System (MOSS) to create enough open spaces 
across the region on the large scale (DPTI, 2014). Moreover, emphasis on green open spaces (as city assets) 
will improve resilience of the city towards climate change and promote mental and physical human 
wellbeing (Burgess et al., 1988; Buyadi et al., 2013; Vailshery et al., 2013). The plan outlines specific policies 
and components for long-term adaptation and region’s climate change resilience. Based on the Plan, urban 
planning assumptions will make a contribution to different type of open spaces in reducing both UHI 
intensity and growth of greenhouse gas emissions.  

Urban development policy initiated in early 1980s and it emerged urban consolidation in Australia. 
The urban consolidation and planning code were laid at commonwealth level, formally established in 1983. 
This policy meant using less land when constructing new housing. Since the 1990s, reduction in the size of 
the Australian backyards has been a clear-cut and widespread phenomenon.  Under the Town Planning Act 
1297-1957 regulations in South Australia, the minimum dimensions of detached dwellings (15×24 m) for a 
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regular shape allotment were 585 m2 with sewerage access and, the minimum dimensions (15×30 m) were 
increased to 696 m2 without sewerage facilities (Sivam et al., 2012). Before 1950, land division consisted of 
large residential allotments by approximately 700 m2 and little public open space.  Until Development Act 
1993, control planners tried to prevent the creation of small housing lots. However, marketing demands 
changed and the size of allotments decreased up to 422 and 450m2 for the year to December 2008.  

Now, Adelaide experiences significant infill development pressure in many older inner and middle 
ring suburbs. Overall size reduction of residential houses has the results in the supply of open space on 
individual housing allotments. Relatively, new housing subdivisions have small allotments with tiny 
backyards (20%) and subsequently, open spaces will available at neighbourhood and local level as 
compensation. In housing level, planning regulations aim to control the size and shape of courtyards. 
Besides these regulations, some approximate standards for appropriate design, materials selection and 
dimension would be required. Minimization of private open space affects aesthetics, biodiversity, carbon 
sequestration and pollutant removers. Residents also suffer from poor microclimate due to lack of natural 
ventilation, shading and excess electricity consumption in hot weather. According to Hall (2010), 
Australians have commonly attributed the move to smaller allotments which directly reduce the size of 
backyards. Backyards rarely exceed 100 m2 and are often less than half of this (Hall, 2010). Site coverage in 
dwellings is at least 40% and can be exceeded by the 50-70% range. Open space around the dwellings in 
both infill and new subdivision development is declining.  Urban infill development is occurring not in the 
CBD or inner-city areas but in the outer suburbs. The increase in residential density is resulted from 
property investment strategies, however it appears to have only a small effect in affordability  

4. Findings and discussion
This paper reviews recent research on the effect of urban pattern and pavement materials to 
mitigate heat island effects in urban environments and how these strategies could be applied to 
Adelaide. The effective heat mitigation strategies were reviewed in both urban pattern and urban land 
cover. These strategies in mitigating unexpected high temperatures in summertime were evaluated in an 
urban context like Adelaide. 

It may raise a question why anthropogenic heat and green roofs are not mentioned in literature 
review which impacting on energy consumption. In summary, according to relevant literature, 
anthropogenic heat has impact on energy balance equation which is mainly related to energy consumption 
for indoor air-conditioning and motorized transportation (Hu et al., 2004).  Rosenfeld et al. (1995) claimed 
that contrasting estimations of the anthropogenic heat impact on air temperature is small and negligible in 
residential areas. It more depends on regular human activities and affects regional and global climate 
conditions. Furthermore, impacts of green roofs are well-documented on decreasing indoor environment 
energy consumption and buildings in high-density development (Chen et al., 2009; Wilkinson and Reed, 
2009). The studies on for Hong Kong and Tokyo as examples showed that low and medium densities still 
keep the connection to horizontal and natural green areas and this type of land cover is more effective on 
microclimate and outdoor environment in comparison to green roofs. Green areas on ground have more 
impact compared to green roofs in reducing summer potential temperatures and mean radiant 
temperatures in low and medium density. In low densely urban environment, the ratio of building height 
and street width (aspect ratio) can be a more sensitive strategy in controlling microclimate. Huang et al. 
(2005) did a numerical study in Tokyo and implied that application of green roofs on medium and high-rise 
buildings is ineffective in lower ambient temperature at pedestrian level and near ground level. Thus, the 
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impact of these two strategies was thoroughly effective in high-residential built-environment and inside 
energy balance of a house which not directly affect microclimate. 

Based on the literature review, aspect ratio was identified as one of the key governing strategies in 
controlling microclimate. In this regard, the intensity of UHI varies with climate conditions. Adelaide 
generally has warm and dry summers. The literature showed that higher aspect ratio (deeper canyon) 
caused lower daytime air temperature in hot seasons. Elnahas (2003) argues, east-west oriented street 
presents better thermal comfort in mid-latitude cities like Adelaide. Shading from trees or building façade 
at pedestrian level, simply intercept solar radiation and thus preventing the heating of ground surfaces 
temperature as well as air temperature. Therefore, the design of forms and patterns in residential 
neighbourhood directly depends on climatic conditions and geographical positions of a city. The effective 
design strategy to mitigate UHI in residential areas of Adelaide is to keep open spaces between buildings 
for air velocity and providing narrow streets or shadings at pedestrian level to decrease the effect of solar 
exposure.  

 Effects of vegetation on climate through the process of shading, evapotranspiration and changing 
the wind pattern have impact in reducing UHI effect. The data on the historical trends of urban 
development in Adelaide shows proportion of backyards in houses now become at least 20-26% of their 
total allotments. Since residential areas are main component of a city, this percentage of private open 
space is still substantial. Therefore, if the size of small allotment in Adelaide is approximately 400 m2 and 
the portion of backyards is minimum 80 m2, at least 7-10 houses are enough to have cooling effects on 
neighbourhood microclimate and more important, on air temperature around each block. 

By keeping urban materials cooler, the intensity of long wave radiation was reduced and air 
temperature on summertime can be lowered by as much as 4˚C. In a mid-latitude city like Adelaide, by 
modifying surface albedo from 0.25 to 0.50 air temperature simply reduces by 4˚C and surface 
temperature decreases at least 10˚C. White marble and mosaic reduce peak ambient temperature more 
than other light-coloured pavement materials by up to 2.4˚C. Warmest light-coloured material is made of 
pebble with white and green surface colour which increase surface temperature up to 7˚C. In addition, 
applying a high-albedo coating to residential buildings in Mediterranean climate achieves cooling energy 
savings of 20-40% and it affects outdoor air temperature as well (Rosenfeld et al., 1995; Bretz and Akbari, 
1997). In an urban layout, sidewalks occupy roughly 16 percent of the ground surface and this percentage 
can be reached at minimum 23% in a typical communal housing complex. Percentage of street is as high as 
private open space at residential level but it is still not considered in the study of UHI in Adelaide.  

5. Conclusion
This review paper addressed the importance of aspect ratio, ground surface materials and greenery at 
urban context by considering both temperature distribution and heat balance. It also found that the 
considerable amount of land in different range of housing types is not taken into account in the Energy 
Efficient provision of Adelaide, while it will be effective in climate change action plan and enhancing health 
and liveability in a sustainable neighbourhood. The design of neighbourhood areas and contribution of 
open space provision which can improve communities and residents’ well-being and health. Therefore, 
modified residential open spaces affect the formation of urban heat island and microclimate. However, 
detail study will be conducted at private open space to measure and validate the impact of mentioned 
variables on microclimate. 
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