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Introduction

Heatwaves are Australia’s deadliest natural hazard (Coates et al., 2014). This study
was performed in the City of Ipswich, Australia which has been identified as one of
the most heatwave vulnerable Local Government Areas in Queensland (Chesnais et
al., 2019). The Urban Heat Island (UHI) effect is the meteorological impact of
urbanisation which leads to a higher temperature in urban areas compared to their
rural counterparts (Oke, 1982). The UHI formation has several causes, including
absorption of heat by urban materials and trapping of this heat between street
surface and buildings, decreased evaporation due to impermeable surfaces, as well
as anthropogenic heat and air pollution (Kleerekoper et al., 2012; Oke, 1982).

This study aimed at providing evidence-based analysis of how the existing urban
design affects street microclimates in key areas of Ipswich, including two in the city
centre (Bell Street, Brisbane and Limestone Street) and one in a recently developed
suburb on the southern part of Ipswich (Joy Chambers Circuit, Ripley Valley).

Methods

Two datasets were gathered. First, urban design features – street Aspect Ratio (AR),
Sky View Factor (SVF), existing vegetation and water bodies, materials, and
percentage of open areas – were collected through field observations, Google Maps
use and measurements. This data generated site plans and street elevations of
studied zones, as well as the percentage of vegetation and each existing material
(including roof). SVF was captured using a fisheye lens.

Second, air temperature and relative humidity were collected using sensors, from
February 2021 to July 2021. Urban microclimate analysis was undertaken in three
stages: (i) analysis of Humidex for all data of all sensors; (ii) comparison of sensor
data and Bureau of Meteorology (BoM) data (maximum and minimum temperatures)
for February and March available data (hottest months of data collection period), (iii)
initial analysis of possible strategies to improve microclimates using a psychrometric
chart.

Humidex is a better measure of comfort than either temperature or humidity alone,
since it considers the two most important factors that affect comfort (Burke et al.,
2006; Upadhyay, 2018). Air temperature and relative humidity were also plotted on a
psychrometric chart to explore the best bioclimatic design strategies available for
that specific situation. 
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Summary of Results

The urban design analysis showed that, despite few differences in aspect ratio and
proximity to waterbody, CBD’s streets show many similarities in their urban design
features. Joy Chambers Circuit, on the other hand, presents very different features
corresponding to its early urbanisation stage, in which heat mitigation strategies
were not implemented. 

This study has identified that, among the four case studies, only Bell Street meets
the minimum suggested AR (0.4) which can provide enough shelter for pedestrians
and maximum use of solar energy for buildings. Joy Chambers Circuit, with its large
open areas, presents the lowest AR (0.22 and lower) and highest SVF (0.8) amongst
the four studies. As a result, more of the longwave radiation of the canyon floor is
emitted to the atmosphere and surfaces lose the absorbed heat more rapidly after
sunset. Limestone Street with its small AR and east-west orientation represents a
lower degree of thermal comfort for pedestrians compared to Bell Street and a higher
chance of developing UHI. 

Concerning materials, the canyon floor materials in all studied areas were mostly
asphalt and concrete with high heat absorptivity. To reduce the urban system
absorptivity and longwave radiation, it is suggested to use more reflective materials
and increase the tree canopy and vegetation coverage for better bioclimatic
performance and improving the sidewalk spaces. However, to benefit from green
spaces, implementing a proper irrigation strategy such as smart systems for
harvesting water and irrigation would be essential. 

For the climate data analysis, as a rule, humidex should be <40 to avoid great
discomfort (Upadhyay, 2018). Results >40 were found in all sites on March 2nd, 2021,
and on the same day Brisbane Street showed conditions considered dangerous for
human health (Humidex >45). It is important to notice that there was no
extreme/unusual heat or heatwave during this period, meaning the conditions in
these areas can get considerably worse and more dangerous. 

Comparison to BoM data shows CBD sensor locations collecting data very similar to
the maximum temperatures recorded by BoM weather station, however the minimum
temperatures recorded overnight by these sensors are consistently higher than
BoM’s. This demonstrates the area is not cooling overnight as much as the
open/rural surroundings, indicating propensity to form UHI during heatwaves. 

The analysis of the psychrometric chart during the hottest period of data collection
shows that most days are in ‘humid zone’ meaning increasing humidity will not add
much for cooling through evaporation. The ideal approach seems to be to focus on
cool materials and increased breeze corridors. For best response during extreme hot
events and heatwaves, other strategies will need to be adopted in conjunction with
these ones already identified. 
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Conclusion

This study is aimed at providing evidence-based analysis of how the existing urban
design affects street microclimates in key areas of Ipswich. Not only do the findings
confirm that urban design has an impact on street microclimate but that some
combinations of urban design features (e.g. urban form and material choice) favour
thermal discomfort more than others. Specifically, it was evidenced that new
developments without heat mitigation strategies such as shade and reflective
materials are not providing the basics of thermal comfort already existing elsewhere.
This is important as it suggests policy changes and/or incentives are needed to
ensure a threshold quality for thermal comfort in new developments. 

At last, this research also showed that the combined analysis of urban design and
climate characteristics is essential to identify place-based mitigation strategies for
existing urban environment. This also means that this analysis could positively
inform any future changes if they were institutionalised in the design and planning
processes.
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