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Introduction

Since 1900, extreme heat events and heatwaves have been the leading cause of
natural hazard-related deaths in Australia (Coates et al., 2014). Extreme heat events
can impact upon an entire population, however, those most vulnerable are at a
greater risk of experiencing severe health impacts and mortality (Loughnan et al.,
2015, Campbell et al., 2018). The 2021 Lancet Countdown report showed that
Australians remain some of the most vulnerable to heat in the world (Beggs et al.,
2021), with a major influencer of this being the more than 86% of us who live in
urban areas (United Nations Population Division, 2020). Severe weather events,
including extreme heat and heatwaves, are expected to increase in frequency and
intensity over the coming years. These events will be felt more severely in urban
centres (IPCC, 2021).

Planning and Urban Design Responses to Heat

Urban design can reduce heat in the urban environment; however, the
implementation of these solutions is limited (Tavares, 2020). In the case of
South-East Queensland, this is likely due to a lack of awareness of extreme heat and
heat-mitigation among the planning profession; in addition to a range of climatic and
regulatory challenges the broader built environment professions experience in
seeking to implement these methods (McNeilly Smith, 2020).

Discretionary guidelines – such as QDesign (State of Queensland, 2018) and
Sunshine Coast Design Book (Sunshine Coast Council, 2020) – exist to support the
place-based implementation of such solutions, however, this type of guidance is not
mandatory and often ‘aspirational’ in nature (Punter, 2007).

In the Queensland context, a reliance on discretionary guidelines to encourage the
uptake of passive and climate responsive design is not sufficient in light of the
current climate emergency (Bhoge et al., 2019). A shift towards compulsory,
regulatory measures of heat-mitigation and passive urban design techniques
embedded within planning policies and regulation in Queensland would be a better
approach; however, such changes would be a significant shift in the current
status-quo (Bhoge et al., 2019). 

At present in Queensland, there is no clear framework, toolkit, or guidance for
planners on how to implement heat-mitigation design into planning and urban design
outcomes in a localised manner.

Bioclimatic design is one such design approach which can support the
implementation of heat-mitigation planning and urban design techniques. The
application of bioclimatic design principles to improve indoor thermal comfort is
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generally well understood. Bioclimatic design principles are used widely within the
architecture and building professions to provide passive climatic control within
buildings (Daemei et al., 2019). However, this is not the case in for planners and
urban designers designing public spaces. Planning and designing for urban heat and
urban climates, in contrast to climatic design within buildings, is a complex task (De
Schiller and Evans, 1996).

The complexity of urban heat mitigation, heatwaves and urban planning and design
– combined – must be acknowledged. Each of these facets are complex and feature
many inter-dependent variables to begin with, before consideration is given to their
interconnections. By not acknowledging and working within this complexity,
designers and planners may run the risk of potentially making heat worse, by using
interventions which are not appropriate for the climate and context they are working
in. 

Methods: Unpicking the Complexity

The emerging use of systems theory and application of human factors and
ergonomics (HFE) methods to unpick the complexities of cities can provide
practitioners with deeper understandings of the interdependent factors, inputs and
outputs which make up cities and the elements within them. 

While still emergent in urban planning and design, these has traditionally been used
to investigate matters which are inherently complex or safety-critical, such as
aviation (Salmon et al., 2016) and disaster management (Jenkins et al., 2010).
Within the context of urban planning and design, it has been used to investigate
matters relating to active transport infrastructure (Stevens et al., 2018), main streets
(Patorniti et al., 2018) and public spaces during the coronavirus pandemic (Stevens
and Tavares, 2020), among others.

A key tool used is Cognitive Work Analysis (CWA). The CWA approach consists of
five distinct phases: Work Domain Analysis (WDA); Control Task Analysis; Strategies
Analysis; Social Organisation and Cooperation Analysis; and Worker Competencies
Analysis (Jenkins, 2009). These methods provide a systemic approach to
understand a complex system or environment, such as in the case of this work, the
application of bioclimatic design principles in public spaces. 

The WDA method is used within this work. It describes an archetype, or ideal, model
of the system under investigation. The construction of an abstraction hierarchy of the
system provides a description of the system, independent of contextual issues like
seasonality or weather. Means-ends links show the interactions between system
components across each layer. They provide a what, why and how understanding of
the operations and interdependences across layers of the abstraction hierarchy.
Levels of the hierarchy and means-ends relationships are shown in an example
WDA in Figure 1.
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Figure 1: An example WDA - levels of abstraction and means-ends relationships
(Source: Author, adapted from Stevens and Tavares, 2020)

Opportunities for Bioclimatic Urban Design as a System

Applying a systems theory lens and HFE methods to bioclimatic urban design
provides several benefits. Broadly, it provides clarification on the principles and
components of bioclimatic design when applied in public space settings. It
showcases key nodes within the system, demonstrating elements which are critical
to the operation of the system (bioclimatic urban design). This can also allow for a
prioritisation process, where by objects which support many outcomes, for instance,
are prioritised in policy development or design processes. 

The role and work of planning and urban design professionals has grown
increasingly complex over recent times. This complexity isn’t likely to go away
anytime soon. One example is the increasing frequency and intensity of heatwaves
cities experience. Appropriate and adequate planning and urban design responses
to this emergent risk have lacked in many jurisdictions, due to issues of complexity
and climatic and contextual challenges. The application of systems methods to
bioclimatic urban design provides greater clarity on the role of these principles and
elements in public space design, supporting future policy development and
engagement. 
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