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Children and residential location 
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“I actually moved here about 15 years ago as a student wanting to be close to the city 
because it was handy for university and things like that. So I guess through that and living in 
share houses where I got to know the area ... well I guess I just liked the area and had
become familiar with it. So I guess it was less a direct choice about my family needs, than 
my decision as a single person to live here.” 

;�5
F
�7� 5�>?��� 4�>?�<�
��>�	� �>�� ���� >�>�>��
� �
?�4��>��� ����	��� ��
�
� 5��
�7�

�+
�>
�4
���C�+?�4
�5
�
���������>47�5>���;
?
��
�+?�>�>�	A�

“It’s the experience of sort of ‘discovering’ where I have been living for the last ten years. 
And all over again, because I suddenly had different needs.”

��*�� 4�>?�<�
��>�	� 5��� ����4>��
�� 5>��� �� �
�
C>�>�	� �C� 
�>��>�	� +?�4
�� ����
�� �����
�
��4�>�	�C����
5�+?�4
������44�������
���>�����	
��C���
�?>C
<4�4?
3�

9���5��
�� C���� ��
��*�
���
?D�*��
��*�>4>+�?>��7�	��5>�	�*+������F>�	��� �+�*�
�
	��5� *+� >�� ��
� ��
�� 5��� ��
>�� H
�� �
����� C��� 4��>4
� �C� �
�>�
��>�?� ?�4��>��3� q�
�

�+?�>�
�A�

“I come from the country; when I met my husband he lived in this area so I naturally 
assumed this was the better side of town. So I’m happy here, it has a very country feel, it 
feels like home.”
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Social connectedness 
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“I guess it’s what sort of connections you make with your community really...if it felt like an 
unfriendly neighbourhood that would be something that would make you move pretty quick.” 
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“There is one family in particular that lives two doors down from me ...They have five 
children. Lily is part of their family ... if I ever need someone to quickly look after her it’s no 
problem, she just goes down there and she loves it, you know, she’s number six child!... And 
in the houses directly across the street, one older lady, every time she cooks, she always 
cooks more and brings it over for Lily and me. So they all like helping me out. Not that I need 
any help that way, but it’s lovely that someone does that for you.” 
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“Forty of fifty years ago it used to be that you played with the kids next door but I’ve got no-
one to let the kids go and play and leave them with.” 
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“All the kids are older or have moved on, and there are just grumpy old people.”  
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“I guess that is why it’s really handy; the health centre getting mothers’ groups together, it’s a 
real support.”�
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Attitudes towards services and facilities 
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|Oh yeah we walk and we take the children and go on our bikes.”
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“He really enjoys it…Lots of things to see and people to talk to.”
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“It’s a fun thing. We have to think about it a day or two in advance, that maybe we’ll take the 
bus or train just to the park. It’s a sort of play thing. It’s not a necessity.”
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“There are always people about... if you sat down at any time, there’s people there. It’s very 
friendly. Some of the playground equipment is a bit old... but I don’t think it really matters, 
‘cos kids do other stuff really.”��
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“Everyone takes ownership for it, so you know we’re all down there, no one litters, if your 
dogs are down there everyone has a dog-poo bag and we all look after it because we all use 
it. It’s a very popular area.”��
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It’s a swing and a slide and that’s it. We’d probably use it more if it was bigger and had more 
grass and was a bit more attractive.”��
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“I won’t let Joe go in the sandpit. I don’t like the sandpit at all... there’s all sorts of stuff in it. 
The park has video-surveillance but I don’t know how maintained that is or whether it’s on.”��
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“In today’s society it’s become so protective you just don’t venture outside your front door 
without thinking twice. Everyone’s got play things in their backyards, no-one plays in the 
street like they used to.”

��
�
� C>��>�	����
��*++���
��D�� ��
�5��H��C�[
>�4��
���?� Y�''$Z�5��� �
+���
�� �����
+��
���?� 4��4
�����D�*�� ��C
���5��� ��
������ C�
]*
��?�� �
+���
�� C�4���� >�C?*
�4>�	�
5�
�
�4�>?��
��+?��
���4����������	
��C��
?D�*��
��*D*�D�3��

=��
�� C���� ��
� >��
�<4>��� ���� ��
� �++��>�
� 
�+
�>
�4
� �C� ��C
��3� �
D� C���� ��
�
>��
�<4>��� �*��
�� *+� �
�� �
>	�D�*������ �>	�?>	��>�	� ��
� ?>�H�� D
�5

�� ��4>�?�
4���
4�
��
���������C
��A�

“It’s great, it’s safe – I feel safe and I’m sure my daughter does ‘cos she knows the kids in 
the street and all around the block. They’ve all grown up together. They’re all safe because 
they all know everyone. It’s like a little community.”  
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Figure 2: Framework for Active Living in Varsity Lakes                                                     

Place 
•Lake Orr 
•Central Park 
•Sports House 

Program 

•Corporate sporting 
activities 

•Community sports and 
recreation programs

Partnership 

•Varsity Lakes community 
Limited (VLCL) 

•Delfin Lend Lease 
•Gold Coast City Council 
•Private fitness 

centres/sporting clubs 
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Abstract  

Almost 40% of Australian households own a dog. A growing body of evidence 
suggests that dog owners experience improved physical, mental and emotional 
health compared with non-owners. Dog owners improved health status may in part 
be explained by the increased walking facilitated by dog ownership. 

A number of urban factors are important for supporting owners to walk with their dog. 
Access to a local park with dog supportive features such as dog litter bags and bins, 
is associated with regularly walking with a dog. Dog owners are attracted to 
attributes of parks that are equally valued by other park users. This highlights the 
need for public open space planning to accommodate different community and user 
groups.  

Planners, developers and government may not perceive that they have an important 
role in creating supportive environments for dog walking, however, such initiatives 
are likely to result in a number of broad community benefits.  

Keywords: dog, physical activity, policy environment, public open space�
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Introduction 

This paper examines how the health status of communities can be improved through 
encouraging and supporting people to be physically active with their dog. The paper 
begins with an overview of why physical activity is an important ingredient in healthy 
communities and then summarises the research to date on the relationship between 
dog ownership and physical activity. The paper outlines dog-owner and physical and 
policy environment barriers and motivators to owners walking with their dog. The 
paper then introduces intervention research trialling different strategies for increasing 
community levels of dog walking and concludes with the importance and features of 
supportive physical and policy environments for dog walking. 

Overall, this paper aims to: 

1. Confirm the importance of physical activity as an important feature of healthy 
communities 

2. Overview the evidence of the benefits of dog ownership and dog walking to 
levels of physical activity 

3. Review the  barriers and motivators for people walking with their dog 
4. Introduce intervention research aimed at identifying strategies for increasing 

community levels of dog walking 
5. Outline the importance of supportive physical and policy environments for 

physical activity and dog walking and identify key features of these 
environments 

Physical activity is an important public health issue 

In the Western world, physical activity is on the decline and sedentary lifestyles are 
becoming more common (World Health Organization  2004). Physical inactivity is a 
major lifestyle risk factor for chronic diseases such as heart disease, stroke, type II 
diabetes, depression and some cancers (Bauman  2004, Blair et al.  1989, Brown et 
al.  2005, US Department of Health and Human Services  1996). Moreover, physical 
inactivity is second only to tobacco smoking as leading risk factor for the burden of 
disease and disability from all causes in Australia (Mathers et al.  1999). 

In Australia alone, at least 2.5 million people are classified as obese (1 in 4 male and 
1 in 5 female adults), with another 4.9 million overweight (Australian Institute of 
Health and Welfare  2011b). Importantly, over 70% (69% of males and 76% of 
females) do not get enough physical activity to incur health benefit (Australian 
Institute of Health and Welfare  2011a). The current Australian national 
recommendations for physical activity are 30 minutes per day of light-moderate 
physical activity on five or more days of the week (150mins/week) or 60 minutes of 
vigorous intensity physical activity per week (Commonwealth Department of Health 
and Aged Care  1999).  

The well established association between physical inactivity and chronic disease 
combined, with the high prevalence of physical inactivity, highlights the need for new 
and better methods to increase population levels of physical activity. One strategy 
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that has not received serious attention but which lies right at our feet is the physical 
activity facilitated by owning a dog.  

Physical activity and dog ownership 

Sixty three percent of Australian households own a pet, with 38% owning a dog (BIS 
Shrapnel Pty Limited & Australian Companion Animal Council  2006). A wealth of 
studies investigating the value of pet ownership have demonstrated the 
accompanying psychological, physical and emotional health benefits (Jennings  
1997, McNicholas et al.  2005, Virues-Ortega & Buela-Casal  2006, Wells  2007, 
Wood & Giles-Corti  2005). For example, pet ownership is associated with better 
cardiovascular health (Anderson et al.  1992, Friedmann et al.  1980, Friedmann et 
al.  2003), fewer annual visits to the doctor (Headey & Grabka  2007) and lower 
levels of loneliness, stress and depression (Garrity et al.  1989, Katcher  1982, 
Stallones et al.  1991). One of the key mechanisms that may explain pet (dog) 
owners improved health status may be the increased physical activity facilitated by 
owning and walking with a dog (Anderson et al.  1992, Bauman et al.  2001, Raina et 
al.  1999, Serpell  1991). 

Emerging evidence shows that dog ownership is associated with increased levels of 
walking, physical activity (Bauman et al.  2001, Brown & Rhodes  2006, Cutt et al.  
2008c, Dembicki & Anderson  1996, Schofield et al.  2005, Serpell  1991, Thorpe et 
al.  2006a) and increased likelihood of meeting the recommended level of physical 
activity (Cutt et al.  2008c, Moudon et al.  2007, Schofield et al.  2005, Thorpe et al.  
2006b). Recent Western Australian research has unearthed the potential of dog 
walking as a source of daily physical activity (Christian (nee Cutt) et al.  2010, Cutt et 
al.  2008a, Cutt et al.  2008c, Cutt et al.  2008e). The Dogs and Physical Activity 
(DAPA) study sought to examine the relationship between dog ownership and 
physical activity, in particular walking. It used an ecological model to examine the 
socio-demographic, intrapersonal, social environmental, physical environmental and 
policy-related factors affecting dog owners walking with their dog (Cutt et al.  2008b). 
The sample included participants (n=1813) taking part in the RESIDential 
Environments (RESIDE) study. RESIDE is a 5-year longitudinal study evaluating the 
impact of a state-government sub-division code in Perth, Western Australia.Details of 
the RESIDE study recruitment and design are described elsewhere (Giles-Corti et al. 
2008).  

The DAPA study found that dog owners did significantly more minutes of walking 
(150 vs. 111) and physical activity (322 vs. 267) per week than non-owners (Cutt et 
al.  2008c). The same study found that dog owners were 60% more likely to achieve 
the recommended level of physical activity and walking than non-owners (Cutt et al.  
2008c). Importantly, these results remained the same even after controlling for socio-
demographic, intrapersonal and physical and social environmental differences 
between dog owners and non-owners (Cutt et al.  2008c). 

However, while the literature supports the principle that dog owners are more 
physically active than non-owners, it appears that dog ownership does not in itself 
facilitate an increase in physical activity for all owners. In fact, up to 60% of dog 
owners report no dog-related physical activity (Bauman et al.  2001, Schofield et al.  
2005). Findings from the DAPA study show that while 45% of dog owners regularly 
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walk with their dog (�90mins of dog walking/week) (mean: 193; SD: 113), 32% only 
occasionally walk with their dog (mean: 48; SD: 19) and 23% undertake no walking 
at all with their dog (Christian (nee Cutt) et al.  2010, Cutt et al.  2008a). Tapping into 
the large proportion of dog owners who do not walk with their dog or do so only 
occasionally, and introducing strategies aimed at increasing their dog walking 
activities, would result in a positive increase in community levels of physical activity, 
health and well-being. For example, in 2001 it was estimated that if all dog owners in 
Australia walked their dog the direct healthcare cost savings could amount to $175 
million per year (based on 2000 costs of illness attributable to physical inactivity) 
(Bauman et al.  2001). 

Figure 1. Physical activity benefits of dog ownership - dog walking (Source: Petcare 
Information and Advisory Service) 

Factors affecting people walking with their dog 

Investigation of the perceived and actual barriers and motivators for walking with a 
dog is important for the development of strategies aimed at increasing the level of 
dog walking and the proportion of the community who are sufficiently active. A 
number of key dog-owner related and environment factors have been identified as 
important for whether people walk with their dog and the amount of dog walking they 
undertake. 

Dog-owner related factors 

Dogs are unique motivators and provide important social support for walking (Ball et 
al.  2001, Christian (nee Cutt) et al.  2010, Cutt et al.  2008a, Cutt et al.  2008d). 
Unlike family members or friends who may be either busy or unmotivated dogs are 
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always ready and eager to run out the door and go for a walk. Perceived social 
support and motivation provided by a dog to walk has been shown to be positively 
associated with regularly walking with a dog (Christian (nee Cutt) et al.  2010). This 
is also one of the main factors associated with not walking with a dog (Cutt et al.  
2008a). These results suggest that the perceived level of social support and 
motivation provided by a dog to walk are important factors to consider in 
encouraging the uptake, as well as the frequency or regularity of dog walking.  

Sedentary dog owners also perceive that dog-specific barriers (e.g., difficulty of 
walking two dogs – as opposed to one, unfriendly or difficult to control dog, fear of 
other people’s dogs, dog owners not picking up after their dogs, and unavailability of 
dog litter bags and bins) are more likely to discourage them walking with their dog 
(Cutt et al.  2008a). Owners who do not walk with their dog are less likely to have a 
positive subjective norm about dog walking (Cutt et al.  2008a). Subjective norm 
measures the normative beliefs of significant others (other dog owners, family and 
Veterinarians) in regards to walking with a dog daily (Cutt et al.  2008b). Strategies 
aimed at increasing social pressure from well-respected significant others including 
vets, other family members or other dog owners may aid in encouraging irregular 
dog walkers to engage in regular dog walking behaviour (Sheth & Frazier  1982). 

Supportive physical and policy environment 

The DAPA study also identified that increased access to a neighbourhood park with 
dog-supportive infrastructure (e.g., dog litter bags and bins, dog-related signage) 
was positively associated with regularly walking with a dog (Christian (nee Cutt) et al.  
2010). Moreover, focus groups with Western Australian local government employees 
identified a number of positive and negative issues related to residents walking with 
their dogs in public (Cutt et al.  2006). Group discussions and in-depth interviews 
were conducted with key personnel (n=44) from local government authorities (LGA) 
across metropolitan Perth, Western Australia. Local government employees 
perceived that an increase in the number of people walking with their dog could 
result in a decrease in dog-related problems such as barking and an increase in 
knowledge of and compliance with local laws.  

“I think if they were exercised at least once or even twice a day…It’s very rare 
that we get noise complaints from people that we know or find out that do 
regularly exercise their dogs.” (Interview 7; male; ranger)

“It is a social group for them and they talk to each other and with humour they 
will say ‘don’t let your dog do this or don’t let them do that’ and there are a 
couple of people down there who are called the ‘sheriffs’. So through humour 
and a sense of place and belonging to this community they uphold those 
informal rules that they have set.” (Interview 5; female; ranger) 

Local government employees also discussed community benefits of dog walking 
such as increased sense of community and social capital (Wood & Giles-Corti  2005) 
and, deterrence of local crime.  

“I think it (dog walking) forms one of our strategic plans, community well 
being, as well as providing the social context. The social hubs, and reserves 
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and parks play a big part in that. Our LGA currently has three dog training or 
clubs on our reserves and I think that’s integral to community development.” 
(Interview 8; female; community development)   

“I think it would be very beneficial if we had more people on the street. While 
there is a downside as far as enforcement, there are upsides in regard to 
neighbourhood watch. People being out on the streets, crime prevention, 
communities coming together and being exposed to each other, neighbours 
talking, dogs bring down barriers. It’s the same as being a mother with kids at 
school.” (Interview 5; female; ranger) 

Finally, local government-related factors perceived to be important for encouraging 
people to walk with their dog included access to well-designed and high quality parks 
with off-leash areas and dog litter bags and bins (Cutt et al.  2006).  

“A dog owner wants the same facilities as a non-dog owner. So if they are 
going to take their dog to the park they may wish to combine it as a family 
outing and take their dog.  If it is an exercise area they think ‘well that’s even 
better’ because the dog can run around and play and they can still enjoy nice 
surroundings.” (Interview 2; female; ranger) 

“It needs to be pleasant to go walking in the first place. Otherwise you put the 
dog in the car and drive somewhere else.” (Interview 13; female; town planner)

“You need the dog poop bags. You also need the proper receptacle to put 
them in and I personally need more than one of two of these scattered around 
the area.” (Interview 2; female; ranger) 

Figure 2. Community benefits of dog walking - social capital and sense of community    
(Source: Petcare Information and Advisory Service) 
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Strategies for increasing levels of dog walking 

Social support based interventions in community settings have been proven to be 
effective at increasing physical activity (Kahn et al.  2002). Along with family and 
friends, walking with a dog is considered to be an important form of social support for 
walking (Ball et al.  2001, Christian (nee Cutt) et al.  2010, Cutt et al.  2008a, Cutt et 
al.  2008d). Dogs provide not only a regular impetus for owners to exercise but also 
motivation to exercise for longer periods of time (Friedmann & Thomas  1985, Hartig 
et al.  1991, Messent  1983).  

Given the widespread attachment of owners to their dogs, programs that promote 
the love that dogs have for going ‘walkies’ might also encourage owners to begin 
walking, if only for the sake of their dog. Owners may be motivated to walk with their 
dog because they acknowledge the benefits of improved health of their dog and the 
associated decreased veterinary costs. Furthermore, owners might be encouraged 
to begin walking with their dog because it’s inexpensive, cheap and easy to do.    

Previous research has shown that owners are three times less likely to walk with 
their dog if they don’t feel pressure from family, other dog owners or their 
veterinarian to provide their dog with daily exercise (Cutt et al.  2008a). Physician 
advice to engage in physical activity has shown promise in intervention studies both 
overseas and in Australia (Armit et al.  2009, Eden et al.  2002, Elley et al.  2003, 
Morgan  2005, Petrella & Lattanzio  2002). The merit of programs such as Lifescripts 
(Department of Health and Ageing  2009) lies with the delivery of physical activity 
advice to patients by credible service providers (Armit et al.  2009). According to an 
American led Gallup poll (Gallop News Service  2006) that ranked ethical and honest 
occupations, medical doctors were considered to rank fourth highest with 
veterinarians ranking third. Thus the involvement of a legitimate and trusted authority 
such as a local veterinarian may be important for assisting dog owners to increase 
the amount of walking they do with their dog. Moreover, dog owners may be more 
willing to comply with the veterinarian’s dog walking advice if they consider it to be 
appropriate or normative behaviour. Furthermore, a greater consistency between 
beliefs, attitudes and behaviour may be obtained if dog owners make a verbal or 
written commitment to follow their veterinarian’s advice to walk their dog (Donovan & 
Henley  2003). With this in mind, intervention strategies aimed at increasing social 
pressure from well respected peers (i.e., veterinarians) might help to encourage dog 
owners to have a more positive attitude towards walking with their dog (Sheth & 
Frazier  1982).    

Using the findings from previous research a community-based health intervention 
was developed. The Pooches and Walking Study (PAWS) has been developed to 
translate prior research results into an intervention that can help increase community 
levels of dog walking which in turn, can lead to an increase in physical activity 
among dog owners.   
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Intervention research - PAWS (Pooches And Walking Study)

The PAWS study addresses a number of high priority issues including physical 
inactivity and overweight and obesity. The aim of this study is to test the efficacy of 
three minimal intervention strategies (veterinarian advice, dog and owner pedometer, 
and standard physical activity brochure) aimed at increasing community levels of dog 
walking. The study targets veterinary clinics as a setting to reach a significant 
proportion of dog owners. Dog owners who do little or no walking with their dog will 
be invited to take part in the study when Veterinary Clinics send dog owners an 
annual reminder letter to notify them that their dog due is due for a check-up. 
Overall, 675 dog owners will be recruited to take part (225 per intervention group). 
Participants will be surveyed at baseline (prior to receiving the minimal intervention) 
and then one and three months post intervention. PAWS study design is based on 
the GP-setting intervention model which has been shown to be an effective 
intervention for increasing physical activity over the short to medium term (Eden et 
al. 2002).  

Figure 3. PAWS dog pedometer intervention strategy (Source: PAWS Project Coordinator - 
Claire Lauritsen) 

Significance of study 

The current study is the first Australian based evidence to provide direction in terms 
of the best strategies that will increase community dog walking levels. The study 
seeks to provide specific evidence on a number of key fronts. Firstly, it will provide 
important information to help guide future health promotion programs by determining 
the best way to disseminate campaign messages on dog walking and physical 
activity. Secondly, it will provide information for practitioners looking to deliver 
community physical activity strategies with the best chance of success in regards to 
cost and reach.  
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Considering a large proportion of Australian households own a dog and about half of 
all dog owners do little (32%) or no (23%) walking with their dog, this intervention 
has the ability to reach a large proportion of the community and the potential to 
significantly increase the proportion of the Western Australian community who are 
sufficiently active. It is likely that the effects of this minimal intervention study will not 
be limited to study participants alone since the majority of dog owners have children 
and most children are actively involved in taking care of the family dog (e.g., feeding, 
grooming, exercising/playing). 

The study will also yield broader findings relevant to the transferability of minimal 
intervention strategies as applied to different settings and health professional groups. 
It is anticipated that this study will provide knowledge and best practice on how to 
encourage inactive dog owners to begin walking with their dog and support 
occasional dog walkers to do more walking with their dog. 

Supportive environments for physical activity and dog walking 

While there is ample opportunity for scope in terms of delivering higher levels of 
physical activity across the broader population by introducing such health 
interventions to dog walkers, unless the policy and built environment is supportive of 
such behaviour, the deliverables will not be successfully met. The social-ecological 
model of human behaviour emphasises an interaction between the individual and the 
social and physical environment and the need to focus on the ‘person-environment 
fit’ (Stokols  1996). Thus programs that incorporate strategies aimed at creating 
more supportive policy and physical environments for dog walking are likely to have 
greater reach and effect than interventions targeted at the individual level alone 
(Sallis et al.  1998). The influence of the physical and policy environment on dog 
walking and physical activity behaviour and its interaction with the social 
environment, socio-demographic and individual dog-owner related factors is shown 
in Figure 5.  

Figure 4. Features of supportive physical environments for dog walking (Source: Petcare 
Information and Advisory Service) 
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Figure 5. Model of the relationship between dog ownership and physical activity                       
(Adapted from Cutt, H., Giles-Corti, B., Knuiman, M. & Pikora, T. 2008. Physical activity behavior of 
dog owners: Development and reliability of the Dogs And Physical Activity (DAPA) tool. Journal of 
Physical Activity and Health, vol. 5, no. Supp1, pp. 73-89.) 

Consistent with studies investigating supportive physical environments for physical 
activity in general, the DAPA study found that access to a neighbourhood park with 
dog supportive infrastructure was associated with regular dog walking (Christian 
(nee Cutt) et al.  2010). Dog supportive infrastructure encourages the presence of 
dogs and their owners in parks and includes items such as litter bags and dog-
related signage. Moreover, focus groups with dog owners identified that a perceived 
lack of accessible public open space and dog specific exercise areas as major 
barriers to dog owners walking with their dog (Cutt et al.  2008d).   
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Figure 6. Attractive neighbourhood park with dog supportive infrastructure (dog litter bags and 
bins and appropriate dog-related signage) (Source: H. Cutt for the DAPA study)

Programs such as PAWS cannot stand alone in an environment that does not 
facilitate socially responsible dog walking behaviour. For example, if it is difficult to 
transport a dog to an off leash park due to pet bans in public transport, or to a cafe 
where dogs are not allowed to sit at an outside table, the capacity to get the most 
leverage from such health promotion interventions will be minimised. The local policy 
environment can directly positively influence owners walking with their dog through 
careful consideration of sensible pet permissibility regulations.   

The local policy environment directly influences owners walking with their dog, with 
regulations about where dogs are allowed in public as well as the times of day dogs 
are allowed to be present in certain public places such as dog beaches. The local 
policy environment also indirectly influences owners walking with their dog through 
its influence over the local physical environment. The needs of dog owners are often 
neglected in the allocation and design of parks. In the DAPA study, no dog owners 
had access to a sign-posted off-leash area within their neighbourhood (Christian 
(nee Cutt) et al.  2010). Furthermore, dog owners are attracted to attributes of parks 
that are equally valued by other park users and this highlights the need for park 
planning to acknowledge and accommodate multiple users.  

Planners, developers and government may not perceive that they have an important 
role in creating supportive environments for dog walking, however, such initiatives 
are likely to result in a number of broad community benefits such as a reduction in 
dog-related problems (e.g., barking and roaming), increased compliance with local 
dog-related laws, creation of social norms around appropriate behaviour for dogs 
and owners in public places, increased sense of community and social capital and 
deterrence of local crime. For example, regular dog exercise can improve the 
physical health and socialisation of dogs and prevent behavioural problems such as 
barking (Petcare Information & Advisory Service  2010, Seksel  2004, Ruolf  2010). 
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The provision of a supportive environment is likely to encourage regular dog walking 
and may also assist in reducing local government dog-related problems such as 
barking or roaming dogs. Furthermore, local dog walking groups may assist councils 
by improving awareness and compliance with local dog-related laws (Wood  2009). 
In the DAPA study, both local government employees and dog owners expressed 
the view that, through peer pressure and the creation of social norms, dog owners 
felt they needed to look after and protect their local parks and persuaded other dog 
owners to do the same. Most local governments that were interviewed appreciated 
the help of ‘responsible’ dog owners self-policing their local parks. These results 
imply that when local governments are planning for dogs in the community it will be 
important for them to acknowledge, foster and use the resource of responsible dog 
walking owners to their advantage.  

It is important that governments acknowledge the importance of planning for dogs in 
the community particularly if dog ownership and dog walking become more important 
over time. Technological advances, a faster pace of living and more sedentary 
lifestyles are negatively impacting our health, eroding our social fabric and severing 
community ties. Taking the dog for a daily walk provides opportunities to meet other 
local dog owners and park users. Dogs, like babies, are social facilitators and 
provide the opportunity for owners and non-owners to talk and get to know each 
other. Studies support the notion that taking a dog for a walk ‘leads’ to more contact 
and conversations with other people than walking alone (Messent  1985, Rogers et 
al.  1993) and this likely facilitates the creation of social capital and sense of 
community (Jackson  2005, Wood & Giles-Corti  2005).  

Conclusion 

Dog owners experience improved health status compared with non-owners. Dog 
ownership is associated with increased levels of walking, physical activity and 
increased likelihood of meeting the recommended level of physical activity for health 
benefit. The PAWS study was developed to translate findings from prior research  
into an intervention that can help increase community levels of dog walking which in 
turn, can lead to an increase in physical activity among dog owners (who represent a 
significant proportion of Australian households). Programs that incorporate strategies 
aimed at creating more supportive policy and physical environments for dog walking 
are likely to have greater reach and effect than interventions targeted at the 
individual level alone. A number of urban factors are important for supporting owners 
to walk with their dog. Dog owners’ who have access to a local park with dog 
supportive features such as dog litter bags and bins, are more likely to regularly walk 
with their dog. Moreover, dog owners are attracted to attributes of parks that are 
equally valued by other park users. This highlights the need for public open space 
planning to acknowledge and accommodate different community groups.  

While the provision of a supportive policy and physical environment for people 
walking with their dogs provides a number of important individual and community 
benefits, local governments will continue to be challenged on how to best manage 
the dog-related concerns of local residents with the individual and community 
benefits of dog ownership. Overall, a sensible policy infrastructure that accepts the 
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valuable role that dog ownership and dog walking can play in increasing physical 
activity levels is required.   

The potential importance and prevalence of dog ownership within the community 
may increase over time as the population ages, people choose not to have children 
or have them later in life, and mental health problems associated with social isolation 
and poor community ties increase. Planners, developers, local government and the 
community need to take action and plan and provide for dog owners now and into 
the future. 
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Green infrastructure thinking – a lifeline and values system for 
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ABSTRACT 
 
Governments ‘value’ personal and environmental health but debate the level and priority of their 
provision. ‘The Market’ cannot make these decisions as our economies built on trading cannot deal 
with these often intangible elements unless they can be a priced. The risks of non-provision remain 
unassessed. In this paper a landscape architect reflects on this thought against a back-drop of 
personal experience in the context of the last 20 years of planning, design and construction of new 
urban areas between Geelong and Melbourne, some of the most rapidly developed areas in Australia.  

This period of valuing liveability began with the ‘Rio Earth Summit’ and the Australian Government’s 
‘Building Better Cities’ initiative: it closes with the UN ‘Economics of Ecosystems and Biodiversity’ and 
the Australian Government’s ‘Urban Design Protocol’.  Lessons learned and opportunities lost are 
extrapolated into the future promised by the conference themes of ‘health’, ‘working together’ and 
‘liveable cities’, a future in which hitherto abstract environmental and cultural values will be translated 
into dollar values on our national balance sheets. 

There has indeed been a reawakening to the truth that the health of our communities remains firmly 
tethered to the networked environmental and cultural qualities that support them. The UN calculates 
that an annual outlay of $45bn on environmental conservation will yield $4tr to $5tr annual benefits. 
Multi-disciplinary collaborations have provided city building solutions of unquestioned and measurable 
value. 

However, our governance systems are ill-equipped to promote, measure and integrate the 
simultaneously realised values of mental and physical health, water quality, habitat, carbon, climate 
change adaptation and others.  Pioneer governments are turning to the concept of Green 
Infrastructure thinking – to what extent does it provide the 21st Century with the framework of thinking 
to redress problems and confront the complexity of measuring and managing these often obscure yet 
essential values? 
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separation, with sections of up to 5k through urban areas with no rail crossings –
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Figure 2: The Werribee North Concept Plan area (based on Melway map) 
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utilizing the�natural features, particularly water courses and wetlands’�
-� ‘Minimum requirements for open space will be 5% of unencumbered 

developable land’�
-� ‘All residential land should be within a 500 metre radius of an open space 

reserve of at least one hectare’
-� I��>��� �C� �+
�� �+�4
� +��F>�>��� –� C��� 
���+?
� 1 football / cricket oval per 

5,000�population�
-� ‘co<location….of at least 2 active recreation facilities to the one site 
-� ‘No residential area should be further than 2 kilometres from an active open 

space facility’
-� ‘Linkages between major open space areas and linear reserves’ 

 
��
�=�������I
4�
��>���
�?>4��Y=�������"��%�Z�C�??�5
�7�5>�����I
4�
��>���
?���
Y=�������"��%DZ���������*����C��+
���+�4
�+��F>�>���� >���
5���
��� Y=�������
"��%4Z3� �*�?>�
� �
F
?�+�
��� 
?���� C�??�5
�� C��� F��>�*�� �
4����3� ��
� ?����4�+
�
architect’s site analysis for the Cowie’s Hill ODP noted that a ‘degraded 
waterway/channel traverses the site’ with ‘opportunity to remodel the existing 
4����
?����� >�4��+����
� >�� >������ ?>�
����+
� space’ (Coomes 2001). Further urban 
�
�>	��4��C>��
����
��

��C�����&3'���5
�?����}��
����>�	���
�������
�?�5
���+�>����C�
the area, within an overall 8.7ha of ‘encumbered land’ (subject to inundation) (Tract 
et al��'')Z3�
�
�*44
��>F
� ?
F
?�� �C� +?���>�	� +���*4
�� �� ���*	��C*?� *�D��� ?���*�� D��
�� ��� ��
�
�D�F
�����>��5�>4�������5��
������	
�
���5���>��
	���
��5>���*�D����+
���+�4
7�
+��F>�>�	���?>�
����+�4
�>�4��+����>�	����?
��>�	�������
����*4�*�
���+
���+�4
������
��

�����

��3�
�
����*�>��� ���� 
�F>����
���?� �
�?��� 5��� >�+?>
�� D*�� �
>��
�� �
��>��
�� ����
�
��*�
�� >�� ��
����4
+��
?��3� ���
�+����
�
���*�
�� ����
C>�
�����]*���>C���+
��
�+�4
������
4�
��>�����
��>�>?����������
�*�
���??��F
���
?D�*��
��*�>�	���
�?�����'�
�
���3� � z�����
��� ����� D
	��� 5>��� �	
�����"� ���� �*>?�>�	� �
��
���>�>
�� ��
�
� 5���

52



>��

��F
���?>��?
�C����?�
����4
�
����C��>�+?>��>4��
��*�
��������
�
��>�
��*�D���
�
�?��A� ���>��� �C� �F�?�� ��� +�+*lation or of ‘unencumbered’ open space as a 
+
�4
���	
��C� ����?���
�3�

���+�� ��
�D>		
��� >�C?*
�4
�5����
5�O�D��>��7�5�>4��
�
F>F
����
����
�4��+?
�����>����C�D*>?�>�	�communities�����
�������housing estates�
Y\����"��!Z7���
�
D��C�4*�>�	�����*����5
??D
>�	3�
�
�
DO WE VALUE A HEALTHY ENVIRONMENT? 
�
=>�������D?
�
�4
+�>����Y;��
���'"'Z�Y=�>�
��'""Z7�>��5�������*��>?���
��
4������?C�
�C���
��5
��>
���4
��*��������5��?��4��4
���C����*����*�D���5
??D
>�	����*�
��>����
4��+?
�
������*��
������>�	��C�
�F>����
���?�5
?C��
3�
�
Rachel Carson’s ‘Silent Spring’ (Carson 1962) is an often cited milestone. 
�����4�+
� ��4�>�
4�� z��� �4;��	� ��
5� 4?��
� ��� �
��>�	� �� �
5� F�?*
� ����
�7� ��
�
based on the ‘natural systems’ of his ‘Design with Nature’ Y�4;��	�"�$%Z3�=>���	�
���
+�
�4>
�4
��
� 5���
�� ����� ‘we must abandon the value system of our inheritance 
which has so grossly misled us.  We�must see nature as process within which man 
exists’� YSmithsonian Institution 1968). The oil shocked 1970’s generated 
environmental facts and figures. ‘The� Limits to Growth’ (Meadows et al� "�%�Z�

�
�+?>C>
����4��4
��� ���]*���>C�7� ����
�� �����F�?*
7� C>�>�
� �
��*�4
������+�??*�>��3�
The study of ‘ecosystem services,’ the renewable ‘free’ goods and services provided 
D�����*�
7�D
	������+��F>�
���D����
�>�	�4���
�������?��	*�	
�C�����
�F�?*��>����C�
��
�
�F>����
��3�
 
In the 1980’s Australians, more than others, were alerted to both the health and 

4����>4�4�����C��*����>��*4
��
�F>����
���?�4���	
�–�the so called ‘hole’ in the 
��*��
����
�>�+�
�
�����
� ?��
�3���
��*D�
]*
���[>
�������F
��>��� Y"�(&Z�����
�����
�?�
����4�?�Y"�(%Z�?
������
���*���4
������?��	��
����
�?�������
�F>����
���?�
+��D?
��� 4��� D
� ����
��
�� D�� 4�<���>���
�� �4�>��� D�� >��
����>���?� ���� ?�4�?�
4���*�>�>
�3�
�
�5
���� �
���� �	�7� ��
� 5��?�� C����?>�
�� >��� 4���>��
��� ��� ���� *��
������>�	� �C�
>��
�<?>�H
�� 
�F>����
���?7� 
4����>4� ���� ��4>�?� �*���>��D>?>��3� ��
� "���� O�>�
��
Nations Rio ‘Earth Summit’ Declaration on Environment and Development, led to the 
‘Agenda 21’ action plan for environmental development into ��
��"���4
��*��3������
year the Australian Commonwealth Government launched its ‘Building Better Cities’, 
��
�C>�������>���?7�4�<���>���
��?��H������
�4���
�+������F�?*
��5
��*����++?������*��
�
��?
�
���3��
�
��7� �
�7� �5
���� �
���� �	�� ��
�
� 5��� �� �
>	��
�
�� D*�� >�4��+?
�
� �++�
4>��>��� �C�
5���� ��
� 
�F>����
��� >�� 5����� ��� *�� ���� >��
����>���?� ���� ?�4�?� 4���>��
��� ���
safeguard this worth for future generations. Melbourne’s local environmental 
?>�
���*�
��C� ����� �>�
��++
�����*�+�>�>�	?�� ��+>4�?� ������ Y

����"���Z����� >�4?*�
��

53



������?���>�4*��>����C�	�

���*�
�
�>��>���7�D*���?����C���4>�?�>��*
�����	>�	�C����
�
4?�>�>�	����

���C���+
�+?
�����CC����D?
���*�>�	3�=������F
�5
�?
���
���>�4
��
�
�
ENVIRONMENTAL HEALTH - WATER 
�
z��4������������*�����
�?���>��*
�7���
�����������
�+
4���>����+?�4
�������
�������
water drainage infrastructure in Melbourne’s urban areas have changed radically and 
rapidly during the last 20 years.  In setting a framework for enforcement of ‘Best 

��4�>ce’ Melbourne Water introduced ‘offset contributions’, to be made if targets 
were not met, and used the language of the market place by stating that ‘Nitrogen 
has been selected as the common currency’ for the contribution (Melbourne Water 
�''$Z3��
�
;
�
7� ?��	�D
C��
� ��
��
D��
������
����D������7� �5
���F
���
��C� ��
�
��?>
�������
�����?>�
��?������?��>�����C�
�F>����
���?�]*�?>���>�������
�����F�?*
�–�a ‘charge’, if 
��*�?>H
7�����>���	
��������>��>4������C�+�??*�>��3��?���>���''$���
�[>4���>��
?���>�	�

��F>�>���� 5
�
� �
F>�
�� Y�?�*�
� &$� –� I
�>�
��>�?� �*D�>F>�>���Z� ��� ���
�	��
�� ��
�
�
]*>�
�
��� C��� D
��� +��4�>4
� >��
	���
�� 5��
�� ����	
�
��� ��� +���� �C� D*>?�>�	�
�*���>��D?
�4���*�>�>
�3�
�

�
�

Figure 3: Werribee North – WSUD and multi-functional open spaces, Reflections Estate, 
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Similarly, Parks Victoria (Parks Victoria 2011) has recently commented that ‘In 
relation to new growth areas, integration of the principles of Healthy Parks Healthy 
People into current planning and development is limited and could be improved, in 
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AN URBAN VALUES SYSTEM – ECOSYSTEM SERVICES  
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Ecosystem services are the ‘free goods’ provided by the environment, reductions in 
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‘Services’ are extensive and can be summarised as; ‘Supporting’ (nutrient recycling, 
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‘What you buy and sell is stuff that is able to be identified, privately owned and 
marketed. A market does not sell a public good. Pigs will fly before markets trade 
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Figure 5. Green Infrastructure mapping on a scale equivalent to the Werribee North Concept 
Plan area – an example (after Davies et al 2006) 
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Review of public health and productivity benefits from different 
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Abstract  �

The relationship between public health, urban forms and transportation options in 
Australia is examined through a review aimed at determining possible health 
indicators to be used in assessing future land use and transportation scenarios. The 
health benefits, and subsequent economic benefits of walkable, transit orientated 
urban forms are well established and are measurable. Important health indicators 
include vehicle miles travelled, access to public transport, access to green areas, 
transportation related air pollution levels, transportation related noise levels, density 
and mixed land use.�A comparison between a high walkability urban environment 
and a low walkability urban environment identifies various infrastructure, 
transportation greenhouse gas emissions and health costs. From this it is 
determined that infrastructure and transport costs dominate, health costs are 
relatively small and that health-related productivity gains associated with highly 
walkable urban areas are substantial. This review provides heath and economic 
rationale for developing urban forms geared towards active travel.  
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Traffic intensity, air pollution, noise pollution and human health 
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Traffic accidents and human health 
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Perception of an area and human health 
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Economic value improved through healthy environments and active transport  
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Comparison between a high walkability urban environment and a low 
walkability urban environment  
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*Includes social costs and direct and indirect costs and obesity costs. 

 
�

�

Per person per year 

High Walkability Urban 
Environment (HWUE) 

Low Walkability Urban 
Environment (LWUE) Difference  

Transport and Land use Characteristics  
            NOTE: Typical characteristics for an Australian City.   

VKT per person per day 3-13 km 20-35 km 

Car trips per person per day 2.32 3.39 

Transit trips per person per day 0.56 0.165 

Transit accessibility more than 80% w >15min 
service less than 15% w >15min service  

Walk/Cycle trips per person per day 2.115 0.945 

Distance to CBD less than 10 km more than 40 km 

GhG per capita daily (CO2 -e) 0 to 4 Kg 8 up to 10 Kg 

Activity density > 35 < 20 

Infrastructure Costs 

Roads $5,086.56 $30,378.88 $25,292.32 

Water and Sewerage $14,747.62 $22,377.46 $7,629.84 

Telecommunications $2,576.11 $3,711.85 $1,135.74 

Electricity $4,082.12 $9,696.51 $5,614.39 

Gas $3,690.84 $3,690.84 

Fire and Ambulance $302.51 $302.51 

Police $388.42 $388.42 

Education $3,895.46 $33,147.27 $29,251.81 

Health (Hospitals, etc.) $20,114.87 $32,347.33 $12,232.46 

Total Infrastructure $50,502.74 $136,041.07 $85,538.33 

Transport Costs 

Transport and Travel Time $206,542.06 $342,598.10 $136,056.04 

Roads and Parking $46,937.54 $154,826.10 $107,888.56 

Externalities $2,219.88 $9,705.38 $7,485.50 

Total Transport $255,699.48 $507,129.58 $251,430.10 

Greenhouse Gas Emissions Cost 

Offset Cost ($25/t)  $2,500.00 $5,400.00 $2,900.00 

Social Cost ($215/t) $21,500.00 $46,440.00 $24,940.00 

(NB. not  included in total) 

Total Greenhouse $2,500.00 $5,400.00 $2,900.00 

Physical Activity Costs 
Inactivity costs* $4,229.95 $4,229.95 

Productivity Loss $34,454.90 $34,454.90 

Total Activity Costs $38,684.85 $38,684.85 

Total (excluding social cost) $308,702.22 $687,255.50 $378,553.28 

Chart 1 – Comparison between a high walkability urban environment and a low walkability urban 
environment in Australia (costs in $AUS). Source: Authors building on Trubka et al., 2010. 
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Functions and sources used in establishing the costs. 

Transport and Land use Characteristics  
VKT per person Extrapolated from Chandra (2005) using ‘Total Car Energy Use’, ‘Total GHG’, 

‘Per Capita GHG’, and ‘Population’ to determine a Daily Total VKT and then 
a ‘Daily Per Capita VKT’. 

Car trips per person per day Based on Melbourne. Source: Kenworthy and Newman (2000). 
Transit trips per person per day Based on Melbourne. Source: Kenworthy and Newman (2000).  

US Active Living Research Program (2009) 29% of people who use public 
transport were physically active for 30 + minutes per day, due primarily to 
walking to and from transit stops and transit users compared to car users 
walked 30 % more steps per day and spent 8.3 more minutes walking per 
day.  

Transit accessibility Transit accessibility relates to the proportion of land within an urbanised 
area that is within 400m of a full-service bus or tram, or within 800m of a 
train station. ‘Full-service’ is defined as a route operating seven days a  
week with at least four services per hour on weekdays and Saturdays 
during the day and two services per hour on Sundays and holidays. 

Walk/Cycle trips per person per 
day 

Based on Melbourne. Source: Kenworthy and Newman (2000). 

Density Walkable areas had + 30 mins exercise per week. 
Distance to CBD  
GHG per capita daily (CO2 -e) Y = [0.073 (Distance to CBD) - 0.25 (Transit accessibility) + 4.35] 
Activity density Jobs plus residences.  

Frank et al. (2004) conclude that each quartile increase in mixed land use 
results in a 12.2% reduction in the likelihood of obesity across different 
genders and ethnicities. 

Intersection density Permeable=250 intersections within one square mile  
Infrastructure Costs 
Roads ABS (2008) and WAPC (2001)- weighted inflation rate from the Consumer, 

Producer and Labour Price Indices. WAPC (2001) comparative costs. Water and Sewerage 
Telecommunications 
Electricity 
Gas 
Fire and Ambulance 
Police 
Education 
Health (Hospitals, etc.) 
Transport Costs 
Transport and Travel Time Newman and Kenworthy, 1999- weighted inflation rate from the 

Consumer, Producer and Labour Price Indices, where possible.  Roads and Parking 
Externalities 
Greenhouse Gas Emissions Cost 
Offset Cost ($25/t)  2007. GHG= (365 days/yr)(price/kg CO2-e) (No. of 

dwellings)(Inhabitants/dwelling) (0.073x - 0.25z + 4.35) 

Social Cost ($215/t) UK Government Economic Service  $175 in 2000, = $217 in 2007 
Physical Activity Costs 
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Healthcare Costs Obesity 
(inactivity) 

Direct: $1.5 billion (Econtech, 2007) = cost of inactivity. 54.2 % of 
Australia’s over 18 population is inactive. Therefore $2.8 billion is the cost 
associated with an inactive population.  

 Indirect: Health Canada’s Economic Burden of Illness (1993) appropriates 
54.3 % of the total cost of illness to indirect health = Estimate Australia’s 
indirect cost of inactivity at $1.78 billion, the total cost of inactivity at $3.28 
billion.  

Productivity Loss 2.1 day reduction in workdays lost due to illness, stress, or waning 
workplace satisfaction (absenteeism) and 6.2% increased ability for 
employees to focus on tasks and maintain focus for longer periods of time 
(presenteeism or on-the-job productivity) based on averages from 
Shephard (1992) and Lechner and de Vries (1997). Using Australian weekly 
earnings average of $AU1165.40 as the baseline level of productivity, and 
an average development of 1000 dwelling with an average of 1.83 adults of 
over 18.  

�

�

Chart 2 – Functions and sources used in establishing the costs in the comparison between a high 
walkability urban environment and a low walkability urban environment in Australia. Source: 

Compiled by the Authors. 
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Urban Ecology and the Future of Cities 
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1 A country’s ecological footprint is a standardized measure of the human demand placed on the Earth's 
ecosystems. It represents the region of biological productivity necessary to supply the resources a human 
population consumes, and to assimilate the associated waste. It calculates the contrast between demand for 
natural capital and the planet's ecological capacity to regenerate.  
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Figure 1: Global urban population growth 1960 – 2010; 
compiled from World Bank Data 
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Figure 2: Per-person resource demand (Ecological Footprint) and resource 
supply (Biocapacity) in Australia since 1961 
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What is urban ecology and why is it important? 
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Figure 3: Urban-to-rural continuum (Forman and Godron, 1986); Adapted from Niemelä, 1999a, p.120-1 

Figure 4: Four distinctions of ecology; Adapted from Niemelä, 1999a 
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Figure 5: An encompassing definition of urban ecology as used in this paper 
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Importance of urban biodiversity 
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What gaps are there in the ecological knowledge of urban planners 
and why do these gaps exist? 
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What gaps exist in the ecological knowledge of planners and policy makers?  
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2 Planning policy and urban growth strategies reviewed from Australia – Victoria (regional planning), Geelong 
(local planning); UK – Liverpool, Southampton; USA – Baltimore (MD), Bellingham (Washington), Washington 
(DC); Canada – Kingston (Ontario); Malaysia - Kuching (Sarawak); and South Africa – Port Elizabeth, Cape Town. 
Links to the original documents are provided in the bibliography section. Chosen using the criteria – proximity 
to a waterfront and major urban area, university presence, and where possible having similar demographics. 

Figure 6: Distribution of species listed as threatened under the 
Environment Protection and Biodiversity Conservation Act 1999.  
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Figure 7: The triangle of goals and conflicts for planning; Campbell, 1996 
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How can we begin to bridge these gaps? 

;�F>�	�����
��
����
�C>�����5����
�
���
���*�������
��������C���>��+�+
��5
���5�
��4H?
���
���>���K�?��H>�	����5����>��5�>4��	�+��4���D
�D�>�	
�3��

An interdisciplinary approach  
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Using up to date information and tools  
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Use of available software 
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Information dissemination 
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Education and ongoing training  

��
�
�*4��>�������
�7�������>��
����>���?��4�?
7�+��F>�
����
�+
�C
4��F
�>4?
�C���

��*�>�	������4*��
�������C*�*�
�	
�
���>������
��5��
��C���
>��
4�?�	>4�?�
�
�+���>D>?>������7�+���>4*?��?��>��4�*��
���
?��>�	�������>�>�	�C*�*�
�+?���
��7�
��*�>�	�
������
F
?�+�
���5>���*���
	����C������*�
���
������4���>�*
3���
���������
����
�
>�+�����4
��C�>��
	���>�	�D>��>F
��>���>����
F
������?>F
����������>��D
4��
��

F
����
L��D*�>�
���K���>��>������++���*�>���C����??�
�*4��>���+��F>�
������D
	>����
�
+��4
���D��>�+?
�
��>�	�H��5?
�	
����
4�?�	��>����	
�
��?�?
���>�	�Y������?�������
�>	�
��
�*4��>���?
F
?Z3�Q�5�����Y�'""Z��?������
������������
����*?��	���*��
�
5>���*����F>�	������4��?��?��
�+��*�
����
�4���C�
4�?�	>4�?��4>
�4
j��>���������
��4>�?�	�����+*D?>4�+�?>4�j���������
��������>4�L3���>��>��>�+�������C��������
�
�����7�����?
����D
4�*�
����>��>F>�*�?��5
��??���F
���
��
�+���>D>?>���C����
?+>�	����
�??
F>��
����
��������
�
4�<����
�������
�*4
��*��+
�����?�
4�?�	>4�?�C���+�>��j�D*��
�?���D
4�*�
�5>����??���+
4����C�C*�*�
���4>
���D
>�	�?>�H
��5>���D>�4�+�4>���>��>��

��
��>�?�������*��C*�*�
�+�?>4����H
��7�>��*�����?
��
�������+�+*?��>���������5��?
�
��F
�����5��
�
�������*��
������>�	��C�D��>4�
4�?�	�3��

���4
��Y�'')Z�
�+���������
�	
L��Y"��'Z��5������
���C���?
���>�	�5�>4�7�5�>?
�����
�>�
4�?��?>�H
�����
4�?�	�7�+��F>�
�����>��
��>�4>+?>������++���4�����+?���>�	�C�����
�
C*�*�
�5�>4��5�*?��D
�>��
�
��>�	����
�+?��
�C*���
��<���
�4��4
+���C��>�	?
�����
��*D?
�?��+�?
���>�	3���
�
�+��4
��
����
�?>�H
�������	��>���>���?��4�>
F
�
���K�
D*��5����>C�5
������?��
���
��>����+?���>�	�C����*���>��D?
�C*�*�
�4>�>
�����
�D��>4�
4��4
+���C���
�?
���>�	����
?��>���������
���??�5���	��>���>�������?
���������
F
?�+�
�����>���>�������D?
�
�F>����
���YD*��5>���?>��?
�������>���F��>������?
���>�	Z3��>�	?
�
?��+�?
���>�	7�����

��>��9>	*�
�(7�>����
�+��4
���D��5�>4����	��>���>����Y���>����>��
4��
�+?���
�������+�?>4����H
��Z��
F>
5�����?
����C������
��4�>������
����F
���H
�j�
��>��>��>��
?C��*���>���	��*+�?
���>�	�����
��D?
����
�������F
���5�������
�
�
�?>���>����C�������
��	��?����F>�>��3���>��>�����>�+?
�¦�4�L�����¦�
�4�L�4*?�*�
7�5�>4��
���>4�����et al�Y�''%Z�C�*����>��
�
����	��>���>���?�	��5�������H��5?
�	
�
�
F
?�+�
��3���*D?
<?��+�?
���>�	��?���+?�4
��>�+�����4
����?
���>�	�C�����4�>���7�
D*����>��4�>�4>�
��5>�����+��4
����C�]*
��>��>�	����*�+�>���j�C���>�	����
F�?*�>������
�����
���D>?>�>�	�+��4
���5�
�
D����	��>���>���?�?
���>�	�����>���F��>�����
�
�*++���
�3���>��4�*?��D
���F
���*�
C*?����?�>��+?���>�	7�5�
�
�������?����
�
���*�+�>�����
F>
5
�������4�
����7�D*����
����
��?���4��??
�	
������]*
��>��
�3��

100



�

�*��
���+?���>�	������
�>	��+��4�>4
��

������C>���>�	?
�?��+�?
���>�	7�D*��>��
�
F
?�+>�	����
5����
?�C����*���>��D?
�+?���>�	������
�>	��>��5�*?��D
�>��
�
��>�	�
����

�>C��?�����*�+�>����4�*?��D
��
��
��K�C���
���+?
�
�+?��>�	���
�+��
��>�?�C���
�
F
?�+>�	�¦*+L�����
�������¦�*�L3�=�>?
���>�����������?5����D
�+��4�>4�?�>����
��
]*
��>�����
����*�+�>��������>�4�
��
��*�D��>���>����
]*>�
������*�5�����+�
��3�
�����
��
���+?
�4�*?��D
����
��C���
�*�
��C�*�D����	�>4*?�*�
7�5�
�
���>��et al�
Y�''"Z����
��������
�
�>��4���>�
��D?
�+��
��>�?����
�+����*�D����	�>4*?�*�
����*���
����5>��>����
��
��
?��D*>?�<*+�4��
��C�*�D�����
��j����
���+?
��C���>��>���

��>��
Q*��+
7�5�
�
�z��?��?
������
���<4�??
��¦�?�5�C���L���F
�
��7���+��>�>F
��
�4�>���
�	�>����¦C����C���L3� �̈�>����F
�
���+�����
����¦	��5�>�7�4��H�>�7�
���>���?�5?�L�
�++���4��©�C�����
�	�����C���
�C��>?�7�4���*�>��7�����	?�D
” (>D>�Z3���>���	�>��
]*
��>�������*�+�>���A��	�>4*?�*�
��

������D
��
+����
��C����*�D���?>F>�	3�

Summary 

��>���>�>�	�*�D���D>��>F
��>�������*	����
�>��
	���>����C�
4�?�	>4�?�H��5?
�	
�����
*�D���+?���>�	�>��
��
��>�?�C�����
��
F
?�+�
����C�
4�?�	>4�??����*����*���>��D?
�
4>�>
�3�z��>��>�+����������>��
	���
�
4�?�	>4�?�����D>��>F
��>���H��5?
�	
�>������
�
+?���>�	�+��4
��3�O�D��>���>�������C*�*�
��
F
?�+�
�������
��
�����
�4���4��
C*���
������C*���
��>������
�	�

��D
?��������
������*�D���D>��>F
��>���>����
��

�����
��H
����
��+�4
�C���
F
�<
�+���>�	�*�D���	��5��3�

=
���F
���
�4�+�4>��������
�+���>D>?>���C���
�+?��>�	�5����>��5�>4���*�����4���?>F
�
>��
�F>����
����5>���*���
�����>�	���
�������
��>F
��>���5�>4���
+
���������
�3�
��4>
����+
���
��5>��>����4��+?
���C��>�
��F>
5������F�?*
��K�>��>�������?5����
����
����?>	����
�F�?*
��+?�4
�����*�D���D>��>F
��>���������
�
�F>����
��������5��?
�>����
��4>
���������
�����
���������
	*?��
�>�3

9���+?���>�	����D
4��
�?>�H
�����
4�?�	���������*���>��D?
�C*�*�
�4>���>���

������
�?�
����
��?��5�����C�F>
5>�	����*�
�����4�
��
��
5�5�����C���>�H>�	3���>��4�*?��D
�
���
�D��*�>�	���*D?
�?��+�?
���>�	�K�]*
��>��>�	��?�����*�+�>���������??�5>�	�C���
���>�
���>F
�+��4
����C�?
���>�	3�\��5?
�	
��C�
4�?�	��YD����*�D����+
4>C>4�����>��

Figure 8: Single and double-loop learning, Senge 1990, as cited in Stacey 2003 
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Effects of exposure to traffic noise on health 
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Source: Adapted from Parliament of Australia (2010) - data provided by an Australian Hearing submission. 

Figure 1: Approximate sound levels for common types of noise exposure (dB(A)) 
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Table 1: Relationship between night noise and health effects in the population�
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5. A preliminary case study 
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Figure 2. Study area: Section 3 of Geelong’s Ring Road 
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5.2 . Traffic and noise  
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Figure 3. Traffic noise along Geelong Ring Road, average and maximum (dB(A)) 
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5.3 . Potential health impacts 
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%SD vs. Lnight, equation, adapted from WHO, 2009. 

Figure 4. Exposure-effect relationship for sleep disturbance with traffic noise in Europe, 
Thresholds in Europe and Victoria/Australia 
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Figure 5. % of people disturbed or highly disturbed during sleep for difference noise levels; 

comparison of standards in Europe and Victoria/Australia  
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Source: VicRoads, 2006 

Figure 7. Estimated noise mapping in Geelong Ring Road - Section 3, 2011 
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Source: Adapted from VicRoads Report 2011 

Figure 8. Average and maximum traffic noise levels in Wandana Heights, Location C 
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Figure 9. Average and maximum traffic noise levels in Highton, Location D�
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Cultivation, Consumption and connection: How to make the most of local food.�

��
�	��5>�	��>�4���
4�>���D
�5

��*�D����
�>�
����������
�C������
��D*������
4���*�
�����D

�����5�������F
���F
��
�
CC
4������?�4�?�
4����>
�7�+
�����?�����
4���*�>����
�?��7���
�
�F>����
��7�������4>�?�4���
4�
��
��3��O�D������4>F>4�
�	�>4*?�*�
����7�>��+���>4*?��7�?�4�?�C������F
�
���7���F
�D

��4���+>��
�����5����
�C�D�>�	>�	���>���>�4���
4��5�>?
��>�*?���
�*�?��4����>D*�>�	����>�4�
��
��C����
�
4*�>��3����
�+?��
���>��+��
��>�?7���>��+�+
��>�
��>C>
����
�H
��4��+��
�����C�?�4�?�
C����+��4�>4
��Y+���*4�>��������
��>?��*�?
��Z�>����
��*����?>�����+>��?��
��>�����Y���Z�
���7�����*	����
�*�
��C�
����	��+�>4������	���
�
��C����4���*�>���	���
�
�������
����
�5���+*�4���
�C�������C���
��N����H
�������C���
��N��
��>?��*�?
��7�>���>�4*��
��
��
�H
��5����>��5�>4����
�
�+���>4>+�����*��
���������
>��+�>�����C�4���
4�>��������
�
C��������
�3��*��C>��>�	��>��>4��
�������>�
4���
?��>����>+��
�>���D
�5

����5�C����>��
+��F>�>��
������+
�+?
N���5��
�
�������4���>��
������>�+��F>�	�C�����
4*�>��7�
�
�*4>�	�C����5���
�������D����
��4���>��
�������
�?���7��*���>��D?
�*�D���?>F>�	�
+��4�>4
�3��

146



 
 

Keywords: local food, food security and urban agriculture 

Introduction 

9
������>�
���D�*��C*�*�
�C�����
4*�>���>���
?��>������+
�H��>?�����4?>���
�4���	
�
��F
�>�4�
��>�	?��+�?>�>4>�
����
�C��������
�7�>�4?*�>�	�5����5
�
��7���5�>��>��	��5�7�
������
��
�������C��>���>D*�>���������?
�Y�

���

?
7��''�j���>DD7��'"'j�����*�7�
"��)j���>F�7��'''Z3��=�>?
���
���F
����C�>��*���>�?��	�>4*?�*�
�����+�����
���*?�>+?
�
+�>�����C��>�4���
4�>���D
�5

��+
�+?
�Y+���>4*?��?��>��4>�>
�Z�������
�C��������
�7�
�F
����
�?�����
4��
���
�
�����D

�����>	�>C>4����>�4�
��
�>��C���<D��
����4>�?�
��F
�
��������	����<������>�>�>��>F
��>�+?��>�	�+
�+?
�����
��>�H���
>���
?��>����>+����
��
�C��������
����������
�5���
�?>F
?>��������
��>
�����>�3���
�
�>�>�>��>F
����
�
+�>���>?����D>?>�
������*	���>�4�*��
���C��
�?��7�
�F>����
���?>��7�
4���*�>��}?�4�?>����������><>��*���>�?��	�>4*?�*�
�������
������
F>�
���>����
��>�
��C�
C������C�
��>4�?�4���*�+�>��7�C������
�+*�4���>�	��C���	��>4�����C�>�<����
�C��������
���++>�	����C���
��N����H
��3����
�����
����	��+�>4��
�
��4��>������
�F�?*
�7�
D
?>
C������+��4�>4
���
?��
�����C����+���*4�>�������4���*�+�>����C�4���*�>���
	���
�
��7���������
�5���>�
��>C��������++
������C���
��N����H
�������C���
��N�
�
��>?��*�?
���>���*����?>�����+>��?��
��>�����Y���Z7���>��+�+
��
�+?��
����5���
�
�
+��4�>4
��4���
�4�*��	
��*?�>+?
�+�>�����C��
4���
4�>���5>�����
�C��������
�7���
�

�F>����
��7��*��?����4�+
7�?�4�?�
4����>
�������*��4���*�>�>
�3��

�

Points of Disconnection: Distance, health, environment and food waste  

�>�4
��''(��F
����?C��C���
�5��?�N��+�+*?��>�������?>F
��>��*�D���
�F>����
����YO�7�
�'"'Z3�O�D����+��5?7�����
CC��������4�*��
��4����>������*	����+?���>�	�C�4*�����
>��
�<4>����
��>C>4��>��}>�<C>??7������>	�>C>4���?���
�*4
����
�?�����F�>?�D?
�C���C����
+���*4�>���>��*�D�������+
�><*�D�����
���Y��
����>�H�	
��C���
�����
��C����D��>��>��
��
�
���+?
��C���>�A�
��H
�7��''%Z3���>����>C��>��5�
�
���
�5��?�N��+�+*?��>����
�>�
��
������
����*�
��C�4>�>
���*		
���������C
5
��+
�+?
���
��>�
4�?��>�F�?F
��>���
�>*��
����?��	
��4�?
�C����+���*4�>��������
F
��D
C��
3������

?
�Y�''�Z���4*�
����>��
Hungry City: How Food Shapes Our Lives7���
�4����4�
������4*?�*�
��C�4>�>
������
D

�7�>��+����+���*4
��D��C�

>�	�+
�+?
�C������
�4������>�����C�C����+���*4�>��3���
�
4���>�*
��	��5����C�4>�>
��������
��
F
?�+�
����C����
�>��	
�	��+�>4�??���
���
�
?�4��>����5>���?>�>�
��?�4�?�5��
�������
]*>�
���>	�>C>4�������*�����C�
CC���7�
�
�	��
�������
�����D
�
�+
��
�����+��F>�>�	���
��
�>�
����5>���C���3���

?
����
���������
|��
�C

�>�	��C�4>�>
������D

����	*�D?����
�	�
��
���C��4
����+>�	�4>F>?>���>����	�>�	�
���������
�|����>����>??�>��Y�''�A��Z3�;�5
F
�7���
���?
��C�C����>����
�+?���>�	��C�4>�>
��
�����
��
�������H
���|D�4H��
���������
��*�D�������
���?>H
���*�>�	7������+�����>��7�

�+?���
��7�������
�
�F>����
����Y
���*H*4�>�����\�*C���7�"���A��")Z3���
�?�4H�
�C����
��>��������>����4>�	�C����C��������C*
??
����	��5>�	��>�4���
4�>���D
�5

��

147



 
 

*�D����5
??
���������
�C��������
�3�z�4�
��>�	?�7��
�
��4��>��>��>4��>�	��������>��
�>�4���
4�>���>����F>�	���F
��
�
CC
4��������
�
�F>����
��7�?�4�?�
4����>
������
+
�����?�����4���*�>����
�?���Y
���*H*4�>�����\�*C���7�"���j������7��''!j�
��

?
7��''�Z3���
�
z���*����?>��>��>��
��>���
����������>�>�*���C�&���C��*����?>�����*CC
��C����C����
>��
4*�>��7�5>���E*���*��
����?C��C���
�
�Y!'�Z�
�+
�>
�4>�	��
F
�
�>��
4*�>���YI��>
�7�
�'""A��Z39�����
4*�>���>�����
�*+��C����

�H
��4��+��
���A�C�����44
��7�C����
�F�>?�D>?>�������C����*�
�YI��>
�7��'""A��Z3���
�?����4��
	����>���
C>�
�����|��
�
�++��+�>��
�*�
��C�C����D��
�����H��5?
�	
��C�D��>4��*��>�>�������4��
��YI��>
�7�
�'""A��Z3���
�+��4
��
���C��>�4���
4�>�������?�4H��C����
��>���+�>�����C������
��
C*
??>�	���?�4H��C�H��5?
�	
��D�*����5����+��F>�>�������4��H��*��>�>���??����*���
�
�?�3���?�4H��C���4>�?�>�4?*�>�������4���
4�
��
���>���?���?>�>�>�	�+
�+?
���D>?>�>
��
���?
�����D�*���*��>�>�������4��H>�	�C����C��>?>�?�����C�>
����>+��
�5��H��?
��>�	����
�>	�>C>4����>�+�4������+
�����?�����4���*�>����
�?���YI��>
�7��'""Z3�

��
�>�4�
��>�	�+���>4�?��>�4���
4�>���C����C���������?���?
�������|?�4H��C�H��5?
�	
�
�C©5�
�
7���5�����D��5����C�������
�+���*4
���Y�4�>�>�7��''%Z3���?�4H��C�
�5��
�
������}���>��
�
���>����
�	��5
�����+���*4
��>��*�*�??��4�*+?
��5>�����C�>?*�
�
���*��
���������
�
CC���������>�
��
]*>�
�����+���*4
�C���3���
�4�
��>����C���	?�D�?�
C����
4�������
���������?��	
<�4�?
�C����+���*4�>�������?��	
?��D

��?
C�����
�*?�>���>���?��	�>D*�>�
���+��F>�
��3���
��
�*?�>�	�C�4*�����
4����>4�
CC>4>
�4>
��
?�5
����F
��??�4����7��

�>�	?�������
�D
�
C>���C�4���*�
��3�;�5
F
�7���>���
�F
�����
C*���
���
>�C��4
���
�>�
�������C����>�7��������*?��D
�4�
�+�����+?
��>C*?3���>��������
�
+��
��>�?����4�*�
�
4����>4�������>+�C���C���
��7����
�+�
��
��D���*�F
	7���
F
	
��D?
�	��5
���D���7���
��*����?>�����

���������
����>���?�9���
��N�
9
�
���>���>����
��
4
���+*���C���?�5
��+�>4
�����C�
���C�*>������F
	
��D?
�������>?H�
>���*����?>�N���5��H
���*+
����H
��+?��
��7���?
������=��?5������Y=>??>�	��������
;�5�
�7�"�9
D�*�����'"�Z3���>���>�*��
������>�	��D�*����
�>�+*�������F�?*
���C�
C����>��C*
??
��D�������
���*�4��
��C��>�4���
4�>���5�
�
D��+
�+?
���
����*�
�����
C����D
>�	��F�>?�D?
��??��
�����*����������
�
�>��?>��?
�*��
������>�	��C��
�����?>��3�
z��

�7�����>�>����*�F
��4���>
���*��>���''&�C�*��������!'���C�"$K)!��
����?���
���*	���C�*>������F
	
��D?
��5
�
�|>���
������5�
����*�4�*?��D*����
��>����
����+��
����
�������5�
����
��5
�
����F
��
�����+?���
��Y��>�����7��''$Z3��9�������7�C����
����>�4�
��>�	?��D
4��
�?>H
��������
��4�����>��7����>�
�D��>
��+���*4��
�>�4���
4�
��C����>���?>C
��>������������
��*�����������<�*����>�+*����
]*>�
�����
+���*4
�>�3�

��
�	��5>�	�4��4
���5>���C����5���
�>���
�������
���*�4��
��C���>���>�4���
4�>���
5�>4���>	�?>	����4��4
����C����
�F>����
���?7��
�?���������4>�?�E*��>4
���	?
�3�
�++���>���
?��!'���C�C����>����
��
F
?�+>�	�5��?��	�
��*�4���*�
��������
�*?���C�
>���
]*��
������	
7������+�����>�������+
��<>�C?>4�
������	
�Y�*���F�����
���?37�
�'""Z3�z���*����?>�7���*�
��?����>�4����D
�5

���&�<%3(�D>??>���5������C�C����
�4��
�
���Y��H
��
���?37��''�j�������
��>�	7��'"�Z3���>��������4���>�
��D?
�

148



 
 


�F>����
���?�>�+�4�7����	>�	�C������
�5���>�	��C�5��
������+���+����*�������5
���
>������
�C���N��+���*4�>��������
��
�*?�>�	�4��D���
�>��>����	
�
���
�����>��������5���
>���*DD>����>+�3����4��4
�����
?��
�����4?>���
�4���	
7�+
�H��>?�����C�����
4*�>���
>�4�
��>�	?��C�4*�����
��>������>�+��F>�	��*���>��D?
�*�D���?>F>�	�+��4�>4
�7���
�
+��D?
���C�C����5���
�>�������>�	�����
4
>F
�	�
��
�����
��>��3�S
��5
�H��5�?>��?
�
�D�*��5���+
�+?
�5���
�C���3���+�?>4��D�>
C�+���*4
��D����
��*����?>��z���>�*�
�>��
�''��>�
��>C>
�������(!���C��*����?>���4���*�
���
�+�
������
��
��C�	*>?�����
�>�4���>�	�C���7�D*����>����
������+���+����
������?�
����
>��D
��F>�*��Y��H
��
���?3A�
"'Z3�z���
�+���
������>��	��5>�	�>��*
�5
���F
��

����
�>�����*4�>����C�
4���*�>4��>�������
�*4��>���4��+�>	����
�>	�
�����
�4�*��	
���*�
��?������
�
�*4
���
>��C����5���
3�z��+���>4*?��7���
�����C���+��C>����	��>���>���������
��>�	�>��
�*��>�	���
����>���?�FoodWise�4��+�>	��5�>?
���
���=���F
���
����������+�
��
��
�Love Food Hate Waste�4��+�>	��C������
�O\3�;�5
F
�7���
�
�>�����>	�>C>4����
H��5?
�	
�	�+�>��*��
������>�	���
����>F��>��������D
��F>�*��������?
������C����
5���
3��

��
��
�
��4��>�C���>�	���>��+�+
��
�+?��
����
�5����>��5�>4����
����D
�����
+���>4>+�����>���*���
�
��4��*��
�����������
�	�	
�5>�����
�
��*?�>+?
�+��4
��
���C�
�>�4���
4�>�������*	����
>��?�4�?�C�������++>�	�D
��F>�*��7�	���
�>�	�+��4�>4
������
����	
�
����C���
>���5��C����5���
3�=
���F
�C�*���������??�+���>4>+�����>���*��
��*�����
��

H>�	����
�C�����C�Y�
Z4���
4�>���5>���F��>�*����+
4����C���
�C����
����
�3��

Local food: Urban agriculture and Ethical Consumption in the ACT 
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Ethical/Local Food purchasing opportunities in the ACT: Farmers’ markets, Farmers’ retail outlets and 
Community Supported Agriculture 
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Diagram 1 – Local Food Practices in the ACT 
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Diagram 2 – ACT Community Gardens Map 
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Diagram 3 – ACT Community Gardens Map- bus routes 
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Diagram 4 – Points of (re)connection in the ACT 
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Ecological Awareness: Care for soil and pursuit of organic methods 
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Food Security and Independence 
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Food Waste Perspective 
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Cities built on steeply sloped areas in Japan 
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Abstract �

In this paper, we created an urban condition evaluation method to express 
steepness according to differences in height and the average slope in each 
100m×100m mesh area. “Slope degree” is introduced as the standard of measure. 
The “slope degree” of two typical cities in Japan (Yokohama & Nagasaki), which are 
well known for their steep slopes, are calculated and compared. Furthermore, the 
“slope degrees” of houses in those cities are also investigated. The landform 
character of each city is certified by a quantitative analysis. 

One of the biggest problems in Japan is its aging society. Over the past few years, 
the population ratio of people over 65 years old has been increasing. Furthermore,
the living conditions in sloped residential areas are not convenient for people of 
advanced age to go about their daily activities. Therefore, this study aims to 
establish a method for analysing sloped residences using GIS. 
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Chart 1 – Definition of “Slope degree” in each mesh�
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Chart 2 – Image of layer overlapping�
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Chart 3 – Explanation of building slope degree 
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Chart 4 – Condition analyses by slope degree�
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3.1 Broader area analyses 
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Chart 5 – Mesh slope degree in Yokohama�
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Chart 6 – Mesh slope degree in Nagasaki�
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Chart 8 –Amounts of building slope degrees in Yokohama and Nagasaki�
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3.2 Analyses of city centres 
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Chart 9 – Building slope degree in the centre of Yokohama�
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Chart 10 – Building slope degree in the centre of Nagasaki�
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Chart 11 – Ratios of mesh and building slope degrees in central areas of Yokohama and Nagasaki�
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Abstract 

Recently, there has been a rush to exploit biomimicry – translating biological 
principles to solve human technological problems. Architectural biomimicry has 
tended to focus on form, rather than function. This leads to some exceptional 
biomorphic designs, however the real potential of biomimicry remains untapped. 
Widespread performance breakthroughs in energy, indoor environment quality, 
materials and construction have not emerged. Several reasons exist: long lead times 
for innovative research, and much biomimetic research is in materials science at the 
microscopic scale. Further, building practitioners often do not have time, resources 
or expertise to fully develop a biophysical knowledgebase.  

So can biomimicry become a catalyst for a step change in building performance? 
There is some encouraging evidence it can – exemplified by Cornwall’s Eden Project 
and London’s Waterloo International Terminal. Still, to reap performance benefits, 
holistic and systematic approaches are essential. Additionally, advances in materials 
are necessary to re-imagine construction as a whole-of-life process.  
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innovative materials, building design methods.

Introduction and driving forces 

The current pressures on our world – climate change, population growth, limited 
natural resources, habitat destruction – necessitate a change in mindset for today’s 
urban planners and building designers. The concept of sustainable development has 
gained prominence within the built environment in the past twenty years due to the 
increasing scientific evidence indicating humanity’s detrimental effects on the natural 
world, especially in relation to increasing energy and materials consumption.  

Sustainable development includes social and economic sustainability, as well as 
environmental sustainability. Sustainable development should aim to improve the 
health and enrich the lives of the people, as well as conserve and advance natural 
ecosystems. Further, sustainable development needs to maintain an economic 
viability to remain justifiable in a capitalist society. 

There is a consistent link between energy and sustainable development – the critical 
reason for this is the energy source. The majority of the world’s energy is created 
from unsustainable sources. In Australia, as in many countries, the major source of 
energy is from fossil fuels. Coal- and gas-fuelled combustion turbines dominate 
electricity generation. Not only are the fuels limited, their combustion releases 
massive quantities of carbon dioxide into the atmosphere, contributing to global 
warming. 

The global climate has already trended upwards. The three hottest years on record 
have occurred since 1998 and the year 2006 was recorded as the 6th warmest on 
record, since 1850 (Jones 2008). These temperature changes cannot be explained 
by natural causes. As stated by the Intergovernmental Panel on Climate Change:
“Greenhouse gas forcing has very likely caused most of the observed global 
warming over the last 50 years” (Hegerl 2007, p. 665).  In 2005, the United States 
National Climatic Data Centre concluded that the combined 1901-2004 trend was an 
increase by 0.6°C in global average temperature. This increase has accelerated in 
the past 25 years to 0.17°C per decade (Observed Trends and Variability in Land 
and Ocean Surface Temperatures 2008). The increase in global temperatures can 
be observed below. 
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Figure 1 Global temperature observations and trends; from Figure TS.6, p37 (Solomon et al. 
2007) 

 

The IPCC projects that, if unchecked, carbon dioxide – equivalent concentrations in 
the atmosphere will rise to between 600 and 1550ppm by 2100. As a result, global 
temperatures would warm by 1.1-6.4°C, leading up to a 0.59m rise in sea levels 
(Solomon et al. 2007).

The consequences of global warming are predicted to be severe. If only a 2-3°C 
temperature increase occurs, Australia could face 97% reduction in the Great Barrier 
Reef, 80% loss of wetlands in Kakadu, 40% reduction in capacity for natural pasture 
to sustain livestock, significant decreases in water supply to Melbourne and flows in 
the Murray-Darling system, health-related effects such as the southward flow of 
tropical diseases, such as malaria and dengue fever, increased spending on road 
maintenance and an increasing demand for energy (Preston & Jones 2005).

In recent decades, there has been increasing evidence that environmental 
sustainability has a beneficial impact on social sustainability and positive effects on 
the health of the population. Reducing atmospheric and water-borne pollutants, as 
well as restricting or prohibiting toxic substances such as lead, asbestos and 
chlorofluorocarbons (CFCs) have a direct, positive effect on human health and 
advance the health of natural systems. Furthermore, the conservation of natural 
environments can have a health benefit in itself. As described by Huelat (2008): 
“Nature has the added benefit of reminding people that humankind evolved in 
concert with nature, and environmentalism is a necessity, not a luxury” (p 23).
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Biomorphism, Biomimicry and Design in the Built Environment 

A ‘business-as-usual’ attitude towards material and energy consumption can no 
longer be tolerated. To counter the existing trend, new design methods such as 
biomimicry are purported to offer opportunities for improvements in sustainability. 

Historically, biomorphism has influenced buildings and architecture throughout the 
ages. Earliest civilizations mimicked the natural form of animals, such as the Sphinx 
of ancient Egypt. At a more fundamental level, Aldersey-Williams writes, “…we find 
that it is not entirely by chance that animals and buildings share some of their most 
basic characteristics” (Aldersey-Williams 2003, p. 12). The left-right bilateral 
symmetry found in many buildings is analogous to that observed in many animals –
especially humans – and may serve as an inspiration (Aldersey-Williams 2003, p. 
13). Further, George Hersey (1999) finds architectural inspiration in all natural forms, 
from individual cells, to beehives, to bird’s nests to body parts. Hersey elaborates 
upon different architectural styles and examples mimicking or borrowing natural 
form. Hersey points to phyllotaxis, Fibonacci and the Golden Ratio as characteristics 
of nature that have been followed up in architecture. The use of the Golden Ratio 
has been a feature of ancient times since Pythagoras realised its significance in 
defining the proportions of the human body (Britton 2010).

In a more modern context, Aldersey-Williams (2003) presents a guide of animalistic 
and biomorphic architecture throughout the 20th Century, from Art Nouveau and the 
associated vegetal adornments, through to ‘organic’ architecture and, significantly, 
the use of steel framing. Aldersey-Williams identifies a synergy between periods of 
organic or biomorphic architecture with revolutionary engineering practices: Art 
Nouveau with the use of steel and glass, organic architecture in the 1950s with 
developments in concrete construction during World War II.  

The concept of steel framing altered the approach to architecture mimicking nature 
(even if it was not intentional). It was no longer natural form being mimicked, but the 
essence of animal structure – an internal skeleton. The idea that characteristics from 
biological systems can be successfully translated to buildings is defined here as 
functional biomimicry, and is critical to developing technologies that improve building 
performance. A distinction is made between functional biomimicry and biomorphism
or biomorphic architecture, where biological inspiration defines or enhances building 
form.

Michael Pawlyn (2011) acknowledges that architecture has explored biomimicry only 
to a limited extent. He focuses on functional biomimicry and shies away from 
biomorphic architecture. He notes that biomimicry has historical links back to 
Leonardo da Vinci and paper production from wood pulp rather than cotton fibres. 
Despite historical links, application of biomimicry to the built environment have been 
limited, Pawlyn recognises that spider webs and termite mounds are the two specific 
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ideas that have, so far, been the most commonly applied to the built environment 
(2011, p. 5). 

The modern philosophy of biomimicry (in a functional and technological sense) is 
pioneered by Janine Benyus in her book “Biomimicy – Innovation Inspired by Nature” 
(1997). The basis of Benyus philosophy involves three axioms “Nature as model”, 
“Nature as measure” and “Nature as mentor” (1997, preface). Benyus offers building 
designers – indeed, innovators in all fields – “a canon of nature’s laws, strategies 
and principles” (1997, preface): 

� Nature runs on sunlight. 

� Nature uses only the energy it needs. 

� Nature fits form to function. 

� Nature recycles everything. 

� Nature rewards cooperation. 

� Nature banks on diversity. 

� Nature demands local expertise. 

� Nature curbs excesses from within. 

� Nature taps the power of limits. 

The inspiration provided by Benyus has spawned two organisations. The Biomimicry 
Guild is a consultancy that “helps innovators learn from and emulate natural models” 
(About the Biomimicry Guild 2010). The Biomimicry Institute is a non-profit group 
that maintains an online database of biomimicry ideas at asknature.org and 
advocates nature-inspired design via a “Challenge to Biology Design Spiral” 
(Biomimicry: A Tool for Innovation <http://www.biomimicryinstitute.org/about-
us/biomimicry-a-tool-for-innovation.html>). This methodology includes phases of 
“identify”, “interpret”, “discover”, “abstract”, “emulate” and “evaluate” (see figure 
below). Researchers and architectural innovators have, to some degree, followed 
similar principle steps when exploring biomorphic and biomimetic designs. However, 
this present paper recognises a deficiency in the “abstraction”, “emulation” and 
particularly the “evaluation” phases of the methodology, leaving the potential 
performance gains unfulfilled. 
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Figure 2 Challenge to Biology Design Spiral; from Biomimicry - A Tool for Innovation;
<http://www.biomimicryinstitute.org/about-us/biomimicry-a-tool-for-innovation.html>; viewed 

06 Apr 2012 

The potential for biomimicry has been recognised. Maibritt Pedersen Zari has 
created a classification of biological inspiration with respect to the built environment 
(Pedersen Zari 2007).  Pedersen Zari contends that biomimetic approaches may 
provide an approach beyond sustainability whereby buildings can become 
environmentally “restorative” (p. 1). Petra Gruber (2008) explores “The signs of life in 
architecture” (p. 1) by illustrating various biological analogies between life and 
architectural case studies. According to Gruber, “The superposition of the life 
sciences vocabulary onto the built environment delivers new insight, questions and 
solutions” (p. 9), and “It will enhance innovation in architecture highlighting future 
fields of design” (p. 9).  However, we do not yet see embodiment of these ideas, as 
researchers and designers have yet to exploit the potential of biomimicry. 

Independent of the built environment, a more general, technically-oriented, approach 
has been proposed by Julian Vincent (Vincent, Julian F. V. & Mann 2002). Vincent’s 
thesis is to combine biomimicry with TRIZ, Teoriya Resheniya Izobretatelskikh 
Zadatch, loosely interpreted as a “Theory of Inventive Problem Solving”. By 
investigating patent databases (quoted as 3,000,000) in a sophisticated manner, 
researchers have been able to elucidate a predictable set of engineering problem-
solving tools (Vincent, Julian F. V. & Mann 2002). TRIZ converts a specific problem 
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into a general problem, which, using TRIZ, leads to a general solution (Domb 1997).
The conversion to a general problem involves inherent “contradictions” (i.e. trade 
offs) within the design problem, which can be resolved via “40 Principles of 
Invention” (Domb 1997, p. 3).

In later research, Vincent (2006) proposes that the technological contradiction matrix 
espoused by TRIZ can be recreated, researching biological rather than technological 
phenomena. Accordingly, “We have analysed some 500 biological phenomena, 
covering over 270 functions, at least three times each at different levels of hierarchy. 
In total, we have analysed about 2500 conflicts and their resolutions in biology,
sorted by levels of complexity” (Vincent, Julian F. V. et al. 2006, p. 476). The result –
termed “BioTRIZ” – is a 6x6 matrix summarising how biology “solves” contradictory 
objectives, and offers biological “inventive principles” for designers to try to resolve 
these contradictions (Vincent, Julian F. V. et al. 2006, p. 477). Despite these 
additional analyses “comparisons between the technology trends uncovered by TRIZ 
and nature are still sparse. The likelihood is that nature has much to teach in terms 
of both examples of the trends in action and existence of additional trends thus far 
not uncovered in a technical sense” (Vincent, Julian F. V. & Mann 2002, p. 164). 
Vincent’s thesis is that, despite emerging recognition, biomimicry remains an 
underutilised source of new ideas for technical problems solving.  

Beyond attempts to directly apply and categorise biomimicry, several researchers 
have recognised potential health benefits when nature can be incorporated into 
design. This furthers the idea that design integrated with nature leads to healthly 
building and healthy cities. Huelat (2008) states that the word “disease” derives from 
“dis-“, or “apart from”, and “ease” or “balance” (p 23). She suggests that “nature is 
our guide to balance and harmony”, is important for human health, and can assist 
the body to heal itself (Huelat 2008, p23). Following on from Edward O. Wilson's 
‘Biophilia’ – ‘love of life’ – hypothesis, researchers have begun to recognise and
quantify the health benefits of nature beyond humanity’s innate desire for a 
connection with the natural world (Frumkin 2001). As Frumkin (2001, p. 239) states, 
“we need to act on emerging evidence of environmental health benefits.”

As noted above, several researchers have developed frameworks to formalise the 
process of introducing biomimicry into engineering innovation. Yet there are gaps in 
the Biomimetic Design Spiral and Vincent (2006) notes the lack of biomimetic 
exploration. The difficulty, it seems, is not a lack of understanding of biological 
systems, their potential in technology, or the availability of biomimetic methodologies 
– it is in the application of knowledge and method. The successful application of 
functional biomimicry in the built environment faces a number of challenges. This 
paper explores several of the key challenges and seeks to understand the future 
prospects for functional biomimicry.  
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Current practice can be improved – Case Studies and examples in the built 
environment 

Emphasis of form over function 

Architecture focuses on what Forbes classifies as organicism, which is more how 
buildings are shaped rather than any functional aspects from nature. The 2003 
Zoomorphic exhibition, also a heavy focus of Aldersey-Williams (2003), is held up as 
an example of architects following bio-inspiration. Indeed, many designs showcased 
at this event did evoke natural forms and biological ideas, but few exemplified a 
functional reason for incorporating the natural elements. Forbes indicates that the 
current architectural fascination with organicism and bio-inspiration is an “attractive 
option”, after the “turbulent history of architectural styles since the early 20th-century 
modernist revolution” (p 27). However, “it uses the same materials as hi-tech 
architecture, and both organic and hi-tech architecture seems an attractive option”.
Forbes also notes that prominent biomimicry researcher Julian Vincent has been 
severely critical at what he perceives to be an insubstantial appropriation of 
biological ideas applied to architecture. Forbes (2005, p 198) characterises  
Vincent’s opinion as “the architect’s approach comes down to: ‘I’ll say I got the 
structure from an animal. Everyone will buy one because of the romance of it.’”

In his book, Hugh Aldersey-Williams (2003) examines and expands upon the 
biomorphic architecture represented at the 2003 Zoomorphic exhibition. As noted 
above, Aldersey-Williams (2003) presents a guide of animalistic and biomorphic 
architecture throughout the 20th Century. However, biomorphic architecture, as 
explored by Aldersey-Williams, is mostly about shaping buildings to a particular form. 
The idea of biomorphism as a scientific metaphor is raised on multiple occasions. It 
is true that Aldersey-Williams expands upon biomorphism as a functional inspiration.
He also limits his treatise to animal-inspired architecture, excluding inspiration from 
plants, humans and ‘animal architecture’ (the constructions of animals themselves). 
Still, in the designs examined we do not discover a design revolution.  For even as 
sustainability (p20) and performance are mentioned, in the case studies these 
prerogatives are not borne out: “The visual analogy is frequently only expressed at 
the largest scale, and the focus so far has been on the superficial appearance of an 
organism evoked by the integument of an individual building, with little attention 
given to the biological lessons that might apply to the building’s physical and 
environmental performance” (p 28).

The work of Santiago Calatrava (Calatrava Valls) evokes clear animal symbolism –
the public “instantly comprehend his buildings” (Aldersey-Williams, 2003). His work 
on the Quadracci Pavilion the Milwaukee Art Museum is a striking biomorphic design 
(Santiago Calatrava - The Milwaukee Art Museum 2012). The great birdlike ‘wings’ 
of the Burke Brise Soleil tower above the main atrium, seemingly ready to lift off 
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across Lake Michigan. The 72 beams of the brise-soleil are between 8 and 32 
metres long (Aldersey-Williams, 2003, p 51), and can be actively opened and closed 
to optimise thermal comfort and daylight in the reception hall below. While this active 
adaptability may improve performance, it plays a secondary role in comparison to the 
structure’s primary function – as a giant animalistic symbol. Further, the functional 
performance derived from the brise-soleil has little, if any, relation to the 
biomorphism on display. There is a disconnect between the bird structure and any 
biologically beneficial function that has been transferred to the building. Indeed, while 
the expansive monument provides an instantaneously recognisable symbol (so 
much so it was featured in the movie Transformers 3), it provides a functional benefit 
disproportionate to the resources required to construct it – counter to Benyus’ thesis 
on nature fitting “form to function” and using “only the energy it needs” (Benyus, 
1997, p7). Indeed, Pawlyn (2011, p 20)  acknowledges that, while “his exuberance is 
to be enjoyed, there is a sense in which the biomorphic extravagance occasionally 
occludes a rational structural basis for the schemes”. Seemingly following on from 
Benyus, Pawlyn notes that “the beauty found in nature is often derived from its 
economy”.

Figure 3 Milwaukee Art Museum Quadracci Pavilion; Milwaukee Art Museum; <http:// 
en.wikipedia.org/wiki/Quadracci_Pavilion>; viewed 01 Jun 2012 

Another Calatrava project, the Lyon Airport Station, also appears to contradict 
several tenets of functional biomimicry. This is a “richly allusive building” (Aldersey-
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Williams, 2003, p54), evoking images of birds, dragonflies and anteaters. Some of 
the structural elements are reminiscent of animal ribcages, and the structural 
efficiencies garnered are noteworthy. However, the structural similarities stem more 
from the needs of both buildings and skeletons to balance similar forces rather than 
a biomimetic approach. The majority of remaining biomorphism remains symbolic, 
not driven by biomimetic principles but by a sculptural and metaphoric style. 

Other designers have experimented with biomorphism, including Renzo Piano and 
Gregory Burgess. Piano’s Auditorium Parco della Musica (in Rome, Italy) expresses 
organic forms evocative of an armour-plated turtle or black rhino beetle (Renzo 
Piano Building Workshop 2012 <http://www.rpbw.com/>). Meanwhile, Burgess’ 
Uluru-Kata Tjuta Cultural Centre (Uluru Kata-Tjuta Cultural Centre
<http://www.gregoryburgessarchitects.com.au/projects/1995/uluru-kata-tjuta-cultural-
centre/>) symbolises the snakes important in local Aboriginal culture. The
biomorphism is readily observed in both projects, and such metaphors can be 
important in social and cultural contexts. But again there is a lack of functionality and 
a focus on formal biomorphism.   

Researchers and practitioners recognise the challenges facing functional biomimicry 
in the built environment. Chris Garvin (senior associate at Cook+Fox Architects and 
a partner in New York-based consulting firm Terrapin Bright Green) identifies 
nature’s ability to use a single structure to perform multiple functions - “…rarely do 
we see a form that manages to use one function to achieve myriad results, as we 
often find in nature” (Jana 2011)  Green expands on this point: “Rarely do we see a 
product made with a material that is non-toxic, recyclable, and manufactured at room 
temperature, under low pressure.” Finally, like Aldersey-Williams, Green notes a 
tendency towards the superficial or trivial when designers explore biology, as “… the 
tendency has been to oversimplify how nature works”.  

Other researchers and architects have seemingly forgotten the original goals of 
biomimicry in the built environment – to improve environmental performance and 
reduce humanity’s impact on that environment. Belgian architect Vincent Callebaut 
clearly has a broad vision of eco-design. His project concepts, such as the Lilypad 
(Lilypad, a Floating Ecopolis for Climate Refugees
<http://vincent.callebaut.org/page1-img-lilypad.html>) and Hydrogenase 
(Hydrogenase, Algae Farm to Recycle CO2 for Biohydrogen Airship
<http://vincent.callebaut.org/page1-img-hydrogenase.html>) offer a hopeful vision of 
technological and biological fusion. These organic-form buildings would act in 
harmony with the environment to generate energy, save water and improve air 
quality. However, by offering such enormous concepts, Callebaut has misplaced the 
real potential of biomimicry. His concepts are impractical – without radical changes 
to materials and construction practices, these developments would be difficult to 
construct and costly to maintain. The concepts of Benyus, such as curbing excesses 
and tapping the power of limits, are seemingly forgotten. 
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Figure 3 Vincent Callebaut Lilypad; from Vincent Callebaut Architectures; 
<http://vincent.callebaut.org/planche-lilypad_pl04.html>; viewed 05 May 2012 

Architecture firm soma (Soma Architects <http://www.soma-architects.com/>) also 
produces creative, futuristic concepts that convey a sense of synergy with the natural 
environment. Their Fibrous Tower (Mok 2012)  – a zero-carbon skyscraper of the 
future – reveals a biomorphic form that was derived from software algorithms based 
on an understanding of biological processes. The design aims to include renewable 
energy generation form roof-mounted and façade-integrated photovoltaics, as well 
as active climate adaption. The “biomimetic lamellas”, modelled on flower petals, are 
supposed to open and close in response to the environment to optimise indoor 
environment quality for occupants. 

The soma design introduces some thought-provoking features in an original concept. 
However, there is a gap between such concepts and a functional biomimicry based 
on a detailed understanding and application of biological systems. In the soma work 
an original organic form is derived using genetic algorithms, but it is curtailed and
limited to produce a viable building shape. Such forms are not necessarily 
biomimetic. Unlike true biological systems, these algorithmic concepts never face the 
challenges faced by evolving organisms over many millennia. Humans intervene 
early in the ‘evolutionary’ process, selecting attractive or aesthetically pleasing 
designs that meet project objectives other than a complete optimisation and 
harmonisation with the natural environment. Indeed, the consulting engineers were 
aiming for complexity, as quoted in Vinnitskaya (2012): “By using probabilistic 
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optimization methods complexity in the topology of structures is achievable”. Thus 
the genetic algorithm allowed an organic form to emerge, but as a means to express 
complex typology, rather than adhering to nature’s tendencies towards minimisation.

Soma’s Fibrous Tower also shares similarities with the work of Callebaut with 
respect to scale and grandeur. The proposed structure brings a unique aesthetic, but 
the functionality of the curved, multi-stemmed form is questionable. Curves may be 
organic and reminiscent of nature, but without a functional basis they only imitate 
nature, instead of learning from nature. While conceptually imaginative and offering 
ideas for potential buildings for the decades of the future, these designs point 
towards shortcomings with some large-scale biomimetic concepts. They rely too 
heavily on their formal, rather than functional, aspects. Their impracticality stems 
from large quantities of specialised material resources, requiring energy-intensive 
construction and fabrication techniques that are pre-requisites for such radical 
architectural concepts to become physical realities. 

Reasons for optimism 

As indicated, much biomimicry in the built environment has thus far focussed on 
formal biomorphism rather than embracing functional biomimicry. However, design 
engineers have recognised structural efficiencies in nature, quantified the gains, and 
have used such principles successfully in buildings and infrastructure projects. 
Furthermore, recent developments suggest researchers are realising the potential of 
other natural systems to improve and enhance building design. 

Claus Mattheck has studied biological structural efficiency, which follows the simple 
rule of the “axiom of uniform stress” (Mattheck 1998). Essentially this principle 
recognises that material is built up in areas of greatest stress concentration to evenly 
distribute forces, while in unstressed areas there is no material. Mattheck 
emphasises the evolutionary pressures that determine the basis for biological 
optimisation – trees cannot afford to sacrifice height and light absorption for extra 
safety ballast and animals cannot become greatly overburdened with structural 
weight if they are to remain competitive and avoid predators. The reduction in energy 
use is paramount. This contrasts with engineers, who overcompensate in safety 
rather than achieve fuel or material savings. Yet due to Cartesian geometrical 
conventions and ease of manufacturing, artificially engineered components still 
contain weak notches susceptible to fatigue and fracture. As a foremost inspiration, 
Mattheck analyses trees in detail: basic growth patterns in response to branching 
and loading, adaptive growth for injury, notches developed from branching, roots and 
soil interactions and finally tree failure. 

Mattheck developed his process of structural optimisation, based on universal 
loading, into two computer programs that reform a homogeneous component into the
most efficient structure possible. For a particular scenario with imposed loads, Finite 
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Element Analysis, loads, is conducted on a generic, oversized form. Using an 
iterative method, termed the ‘Soft Kill Option’, successive analyses are conducted 
until unloaded regions are removed, or ‘killed off’, leaving an efficient structure 
capable of withstanding the imposed loads. This is followed by ‘Computer Aided 
Optimisation’, an innovative process where FEA stresses are translated to 
temperatures, and regions that are the ‘hottest’ are allowed to grow. This provides 
reinforcement in the areas of greatest stress concentration. If applied to structures in 
the built environment, this process offers savings in materials resources and also in 
structure weight, allowing further savings in fixtures, substructures and foundations. 

Other researchers have explored potential improvements in the thermal efficiency of 
building fabric, reducing the need for artificial heating and cooling. Craig et. al. 
(2008) employ BioTRIZ to design a radiative roof cooling system. The authors apply 
the physical problem to the BioTRIZ matrix, and decide “the simplest solution to the 
problem at hand seems to be a structural change in the insulation” (2008, p. 61). The 
resulting honeycomb structure for insulation allows the roof to radiate heat to the sky, 
while a convection guard prevents convective heat transfer gain. Based upon their 
modelling, the “new” roof showed potential cooling benefits – “if the averages of the 
mid points of both masses are compared, it can be seen that the new roof is 4.5°C
cooler than the standard roof” (Craig et al. 2008, p. 65). 

Webb, Hertzsch and Green (Webb, Hertzsch & Green 2011) explored the potential 
of applying animal fur to an opaque building façade. Focussing on heat transfer, a 
time-dependent mathematical model, incorporating the unique performance 
characteristics of animal fur, was developed. By optimising the natural properties, 
Webb et. al. (2011) were able to show a thermal conductivity of 0.055 W/mK 
compared to a similar deer fur of 0.091 W/mK. When applied to an example building 
façade, the fur layer was able to reduce heat gains in summer by 50% and also 
reduce heat losses in winter by 50%. Beyond its static thermal performance, animal 
fur has adaptive characteristics, such as angular orientation and changes in 
thickness (“equivalent to animals’ fur standing up during piloerection” (Webb, 
Hertzsch & Green 2011, p. 462). If harnessed and controlled, these active adaptions 
– of which animal fur is but one example – offer opportunities for gains in material 
efficiency and large savings in operational energy consumption.  

Due to its embodiment of these types of functional innovations, The Eden Project, in 
Cornwall, England, remains an iconic expression of biomimetic architecture. 
Designed by Grimshaw Architects, the design employs a number of biomimetic 
strategies to drive sustainable outcomes. To improve structural efficiency and meet 
the project brief for to successfully contain a diverse range of plants, on a very 
uneven ground surface, the architects were inspired by the creation and 
interconnectivity of soap bubbles. The designers also wanted a structure as light as 
possible, and studied many natural possibilities, “from carbon molecules and single-
celled animals such as radiolaria thought to pollen grains” (Pawlyn 2011, p. 18). The 
results of this pattern revealed that arranging pentagons and hexagons in geodesic 
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forms was the most efficient structural form. The design was optimised to maximise 
daylight penetration. As traditional glazing would have been too heavy to fill the 
transparent spaces between structural members, Ethylene tetrafluoroethylene 
(ETFE) was selected for its low density and transparency. By creating a triple-layer 
element, ETFE “pillows” could be fashioned that would provide both the necessary 
and more insulation capacity than traditional glazing. The ultra-lightweight solution 
provided added bonuses: fewer structural members were necessary, admitting more 
daylight and reducing artificial heating requirements, and a less substantial 
substructure was required. Using functional biomimicry, the design team were able 
to create a much more efficient structure, using “a fraction of the resources of a 
conventional approach” (Pawlyn 2011, p. 18). There were economic benefits too –
costs were approximately a third of the rate compared to a standard greenhouse.  

Figure 4 Eden Project Biomes, from Matthew Webb; personal collection; 18 Jun 2011. 

Beyond the structural achievements, it can be argued that the biomes’ form also 
creates a more sympathetic relationship with the surrounding environment than the 
traditional rectilinear buildings constructed on levelled sites. Calatrava’s Milwaukee 
Art Museum dominates the vista and potentially detracts from the surrounding 
natural beauty. This may be a matter of perspective, but, as Pawlyn states “the Eden 
Project Biomes accommodated the existing form of the site with a minimum of 
excavation, and suggests a more respectful reconciliation between humans and the 
natural world” (Pawlyn 2011, p. 19). 
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The functional biomimicry expressed in the Eden Project successfully illustrates a 
design methodology that seeks to identify and abstract innovation from natural 
systems, as suggested by the Biomimicry Institute. Emphasis is placed on the 
translation to a technological medium, so that natural characteristics can be 
successfully emulated, rather than directly copied or visually mimicked. Finally, the 
Eden Project designers sought to evaluate their designs against known benchmarks, 
quantifying improvements in performance.  

However, the Eden Project designers turned to innovative materials to successfully 
achieve performance gains. Conventional construction materials did not provide the 
necessary flexibility to reflect designers’ ideas. This insufficiency is a further 
challenge to the implementation of functional biomimicry in the built environment. 

Material concerns 

Bringing products to market 

Humans have been eternally fascinated by the seemingly wondrous properties of 
spider silk. Numerous studies have been conducted through the past hundred years 
to elucidate the diverse chemical, genetic and mechanical properties of spider silk 
and how spiders produce silk to build their webs. Among multiple research streams,
Vogel (1998) summarises some of the desirable properties, Gosline, DeMont and 
Denny (1986) investigate the structure-property relationship, while Hansell (2005) 
provides a detailed exposition of the varied properties of the different types of spider 
silk. Forbes (2006) devotes an entire chapter to the research and development 
surrounding the search for a technological analogue to spider silk, in order to 
fabricate strong, flexible materials for use in tensional and shock-absorption 
applications. However, despite numerous attempts, patents, chemical processes and 
physical testing, no commercially viable production method or end product is yet to 
reach market. Indeed, Cranford et al (Nature, 2012,
http://www.nature.com/nature/journal/v482/n7383/full/nature10739.html#/author-
information) report that: “In spite of much research into the molecular design 
underpinning the outstanding performance of silk fibres, and into the mechanical 
characteristics of web-like structure, it remains unknown how the mechanical 
characteristics of spider silk contribute to the integrity and performance of a spider 
web”. At present, some of nature’s subtle manufacturing processes prove intractable 
to human technology. (http://en.wikipedia.org/wiki/Spider_silk#cite_ref-70) 

However, self-cleaning paint and self-cleaning glass are successes in the field of 
biomimetic materials science. Indeed, these products are held up almost as 
ambassadors for functional biomimicry. The Lotus-Effect® is now a recognised 
trademark for self-cleaning properties and has been applied to paints, resulting in 
LotusanTM (produced by manufacturer Ipso) (Forbes 2006). It is based on the 
principle of decreasing the wettability of surfaces by manipulating surface roughness 
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at the micro- and nano-scale. This mimics the surface of lotus leaves. By 
manipulating the surface of its leaves with tiny, hydrophobic bumps, the lotus plant 
can remain clean in an otherwise dirty and biologically active swamp environment. 
The cleaning effect is explained thus: when it rains, dirt (or bacterial) particles on the 
surface of the leaf have limited points of contact with the leaf surface and are far 
more attracted to the water particles rather than the leaf surface. Hence the dirt rolls 
away with the water droplets (Forbes 2006). Creating nanoscale roughness on 
artificial surfaces with specialised paints produces the same effect – resulting in ‘self-
cleaning’ surfaces. 

Recently, products have been marketed that employ the Lotus Effect in health care 
products, such as textiles, hardware and seating to minimise bacterial growth on 
surfaces and make them easier to clean (Huelat 2008, p26). The use of such 
products in health and child care facilities has potential to improve the health and 
wellbeing of occupants. 

While the Lotus-Effect® uses ‘super-hydrophobicity’ as a self-cleaning mechanism, 
self-cleaning glass – marketed originally by Pilkington as ActivTM – instead uses 
‘super-hydrophilicity’. The manufacturing of ActivTM glass panes involves the 
deposition of an extremely thin (Forbes 2006, p. 45) layer of titanium dioxide. When 
titanium dioxide is exposed to sunlight, it becomes electrically charged and acts as a 
photocatalyst to oxidise organic material (dirt) through the ionization of water and air 
particles (Forbes 2006, p. 44) . As the substance is highly hydrophilic, water falling 
on a surface at a significant angle forms sheets that quickly wash off, taking the 
oxidised organic material with it.  

Both of these self-cleaning products illustrate the potential for biomimicry at its most 
effective: inspiration from nature has resulted in functionally superior materials – and
the end results do not identically resemble their natural counterparts. However, they 
also illustrate one of the key challenges: such technically sophisticated products 
have taken many years of research and development to prove viable in the 
competitive commercial world. The research underpinning Lotus-Effect® was 
initiated by Professor Wilhelm Barthlott in the early 1960s (Forbes 2006, p. 32) and 
was significantly enhanced through the invention of the Scanning Electron 
Microscope (SEM). However, it was not until 1994 that Wilhelm applied for a patent 
and only in 1998 was Lotus-Effect® patented, with the LotusanTM product released in 
1999. Similarly, Pilkington worked for more than a decade to develop ActivTM glazing 
(Forbes 2006, p. 45) – and this was a product development project with the backing 
of one of Europe’s largest glazing manufacturers, using material properties known to 
glaziers since the 1960s. 

Furthermore, once developed and tested, such products must meet customer 
expectations to carve out a viable market. As Forbes (2006, p. 45)  states: “The final 
stage in the development of a technical innovation is its emergence into the real 
world, where it is hoped it will find a niche among ‘real’ people”. Forbes (2006, p. 45) 
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quotes Kevin Sanderson, one of Pilkington Activ’s creators – “Activ has caught 
people’s imagination but for many people glass is glass; we have to educate them 
into thinking glass can do other things as well”. New products based on technological 
advancements, such as nanotechnology, also face a societal stigma that often 
accompanies such change. 

New developments 

Beyond challenges in developing and marketing biomimetic materials, building 
designers must also face the reality that while architectural practice may use 21st

Century technology for design, construction processes and materials are deeply 
rooted in the 20th (and earlier) century, sharing little in common with biological 
ecosystems. When considered in a biological context, vast amounts of energy and 
resources are expended in an inefficient and wasteful process.  

In this sense, building materials manufacturers and construction sites are little 
different from the rest of Western society. McDonough and Braungart (2002) present 
a critical view of such practice since the industrial revolution, highlighting the issues 
of energy consumption and harmful materials that are used throughout many 
industrial processes. Of particular dissonance with the goals of biomimicry are the 
cradle to grave processes in manufacturing and the general tendency to design for 
the worst case scenario. This leaves society with a single pass linear economy (few 
resources are recycled) and overdesigned products produced without regard for 
location, climate or local climate. McDonough and Braungart (2002, p. 27) describe 
the end result as “intergenerational remote tyranny” – the tyranny of the current 
generation over future generations who must live with today’s decisions, with 
detrimental effects on health and wellbeing. This is the antithesis of natural 
ecosystems, which rely on optimal use of resources, recycling and a continual 
process of renewal that provides for the next generation.  

Countering this societal inertia, several researchers have offered radical alternatives 
to the status quo, challenging our definitions of ‘construction’ and ‘building materials’.
Rachel Armstrong argues that, as currently practiced, “the practice of biomimicry 
does not fundamentally alter the way buildings are made, nor does it change their 
material nature” (<http://hplusmagazine.com/2012/03/30/5117/>). Armstrong instead 
suggests that buildings connect and interact with their local environment, in essence 
becoming part of the local ecosystem rather than isolated from it 
(<http://changents.com/rachel-armstrong/biography>). Integration with nature has 
the added benefit of connecting building occupants with nature, furthering the idea 
advocated by Huelat (2008) that nature can bring a “balance” to people’s lives and 
improve health and wellbeing. 

To achieve this, new materials and construction methods are needed. Spiller and 
Armstrong suggest humanity develop "architectural paradigms and technologies that 
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cooperate with and embrace, rather than dominate, natural imperatives” (2011, p. 
17). To achieve this, Spiller and Armstrong propose a ‘synthetic biology’ – protocells. 
According to Spiller and Armstrong “protocell is the output of research programmes 
aimed at the construction of a chemical life-like ensemble in the form of an artificial 
cell system that is able to self-maintain, self-reproduce and potentially evolve” (2011, 
p. 17). Such materials lie in a transition between inert and living matter, and through 
careful manipulation could offer solutions for the built environment. The basis of 
‘metabolic materials’ are protocells, essentially a collection of designed organic 
chemicals energised by a battery. The protocells are created with the ability to 
interact in a way similar to living cells: they can sense their environment, react under 
certain conditions to produce other compounds, and repair themselves (Living 
Buildings <http://changents.com/rachel-armstrong/biography>). Such protocells  
could be the basis of a new generation of materials that are able to adapt and 
integrate into their environment. Armstrong offers the example of a protocell that 
could mimic a coral reef. The protocells would produce a limestone-like substance by 
fixing carbon dioxide from the atmosphere during building construction building. 
However, apart from providing an ecologically friendly method for building 
construction, the protocells’ ‘metabolism’ could be reactivated to repair and maintain 
materials during the building’s lifetime (Living Buildings
<http://changents.com/rachel-armstrong/biography>).   

Similarly, Neri Oxman states that architecture is in a “crisis of form” – with form 
taking precedence over function. Oxman’s opinion is related by Ferrante (2010): 
“There is a disintegration of materials and performance…We have designers, 
engineers and fabricators – and our process is generation, analysis and production. 
Of course, nature doesn't act that way”. Oxman argues that the current “digital 
processes of modelling, analysis and fabrication” follows on from “Modernist 
separation of form, structure and material” (2012, p. 90). This leads to inefficient 
geometrically-driven designs: “compared to nature, our own material strategies 
appear to be much less effective, and mostly wasteful” (Oxman 2010, p. 80).
Instead, we can use our technological sophistication to manipulate matter in a much 
more detailed manner, inspired by the driving forces in natural systems –
minimisation of materials and energy.  

In making a distinction between structural and functional material properties, Oxman 
notes that natural materials are embedded with varying degrees of anisotropy “to 
achieve the structural, mechanical and environmental functions required” (2012, p. 
92).  This anisotropy is “central to the structuring of materials and their behaviours” 
(Oxman 2012, p. 93). Further, “Such natural materials offer material and structural 
efficiencies at various length scales” (Oxman 2012, p. 93), in contrast to 
conventional building materials that are largely homogeneous. There are three key 
categories of anisotropy: “Functionally Gradient Geometrical Anisotropy” – achieved 
by altering geometry, e.g. bird feathers, “Functionally Gradient Structural Anisotropy” 
– achieved by subtle changes to material structure, e.g. sycamore seeds, and 
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“Functionally Gradient Material Anisotropy” – achieved through material property 
variations, e.g. the pores in a sea sponge (Oxman 2012).

Architectural design and manufacturing processes are not established to exploit 
material anisotropy. CAD (Computer Aided Design) software, modelling analysis, 
and fabrication techniques are based around components that are homogeneous, 
with only limited macroscopic anisotropy, such as pre-fabricated wall panels. Oxman 
proposes “Functionally graded digital fabrication” (Oxman 2012, p. 94) as an 
alternative, whereby manufacturing processes can introduce detailed, repeatable 
variations in the material properties and structure. The resulting anisotropy produces 
a customised component to suit a particular purpose. Two approaches are being 
tested at MIT: a variable-density concrete system and a variable-elasticity polymer 
system (Oxman 2012). Oxman concludes that “this approach could potentially 
contribute to efficient conservation of material usage, high performance of integrated 
structures, optimised response to mechanical stimuli, and overall improved product 
life spans” (Oxman 2012, p. 95). These types of innovative manufacturing processes 
complement the material optimisation design process proposed by Mattheck 
(described above). Components designed by SKO and CAO could be subsequently 
manufactured using Oxman’s “functionally graded digital fabrication”.

Figure 5 Ergonomic chaise lounge (“Beast”) designed by Neri Oxman showing variable 
materials properties to better fit the human form; from Jen Leslie; “Neri Oxman: Biology meets 

Design”; <http://jenleslie.wordpress.com/2011/05/14/neri-oxman-biology-meets-design>;
viewed 01 Jun 2012 

The radical alternatives proposed by researchers such as Armstrong and Oxman are 
unlikely to become immediate commercial successes. Experience has shown, with 
the examples of LotusanTMand Pilkington’s ActivTM glazing, that even evolutionary 
advances to construction materials take years – sometimes decades – to achieve 

193



   
 

commercial viability (Forbes 2006). However, protocells and functionally graded 
digital fabrication provide some direction for the development of functional 
biomimicry in the built environment. Through such technologies, designers will be 
able to more closely mimic the tendencies of nature – resulting in more efficient, 
ecologically sensitive buildings that can connect with nature and improve the health 
of occupants. 

Integration and Implementation 

Despite only a few projects successfully exploring functional biomimicry, and the 
slow development of alternatives to homogenous construction materials, integration 
of functional biomimicry in contemporary architecture is still possible. It is necessary 
to firstly identify sustainability performance targets, or alternatively, a design 
‘conflict’, as in the TRIZ process (Vincent, Julian F. V. & Mann 2002), so that any 
biomimetic innovation can be understood in performance terms and provides a 
functional benefit to the project. In other words, it establishes a benchmark to 
“evaluate” (in terms of the Design Spiral) the biomimetic initiative. Secondly, an 
awareness of applicable biology is clearly desirable. The Biomimicry Institute has 
established asknature.org, a resource dedicated to providing information a large 
array of possible biological functions (Ask Nature <http://www.asknature.org/>).
Other researchers such as Vincent (2003, 2005 & 2006), Vogel (1988, 1998 & 2009)  
and Schmidt-Nielson (Schmidt-Nielsen 1997) offer accessible knowledge on 
biological systems. 

Design integration is necessary, and where applicable ideas are discovered, the 
“Design Spiral” offered by the Biomimicry Institute (Biomimicry: A Tool for Innovation
<http://www.biomimicryinstitute.org/about-us/biomimicry-a-tool-for-innovation.html>) 
indicates the broad steps required. Abstracting and emulating the ideas, following a 
TRIZ-like process, can assist in isolating the desired functionality, rather than directly 
attempting to mimic complex biological processes. The categorisation of BIoTRIZ 
(Vincent, Julian F. V. et al. 2006) may be of use. Of critical importance is to 
understand the biological mechanism that is mimicked, and not follow a conveniently 
simplified model (Vincent, 2011, personal communication). During this integration 
stage, the designer can consider the impact of the biomimetic strategies on the 
health and wellbeing of building users and occupants, as well as the potential health 
impact on wider community. 

Performance testing and verification is necessary as the design is developed. The 
design team should critically analyse the biological translation and adapt the design 
– what works in the biological world cannot always function successfully within 
human technology. The ‘natural laws’ offered by Benyus (1997) offer general 
guidance for design development. Again, a direct facsimile is not the goal, the 
emphasis is on the functional – and performance – outcomes. To fully exploit the 
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design potential of functional biomimicry, holistic techniques are required with robust, 
measurable sustainability credentials in terms of energy, water, materials, operation 
and life cycle costs. 

Synthesis and Conclusions 

Biology has inspired and influenced formal and aesthetic aspects of architectural 
design from earliest human civilisation. In the past half century, numerous projects 
have demonstrated the growing fascination with formal biomimicry, or biomorphism. 
Examples include Calatrava’s Milwaukee Museum of Art, Renzo Piano’s Auditorium 
Paco della Musica or Gregory Burgess’s Uluru-Kata Tjuta Cultural Centre. At the 
other extreme, several designers have unveiled concepts that are complex in form, 
constructed from as-yet undeveloped materials and produce their own energy. Both 
design types, however, do not readily employ the precepts of functional biomimicry –
a systematic transfer of natural traits and systems to improve performance in the 
built environment, while remaining sensitive to natural tenets.  

Several architects have used functional biomimicry with success – the Eden Project 
in Cornwall significantly improved structural efficiency, with positive flow-on effects to 
climate control and structural foundations (Pawlyn 2011). Other researchers, such as 
Craig et. al. (2008), Webb, Hertzsch and Green (2011) and Mattheck (1998), have 
demonstrated functional biomimetic systems that can be applied to the built 
environment. Still, functional biomimicry remains an emerging field. 

In part, the slow development of functional biomimicry is due to slow development of 
design methods and materials to support the desired performance outcomes. 
Research into artificial spider silk has continued apace in the past 20 years, yet 
remains a developing prospect at best. Commercially viable product lines, such as 
LotusanTM and Pilkinton ActivTM, have had development pipelines longer than 10 
years (Forbes 2006). Still, such products are beginning to have direct health 
benefits, especially for occupants of health care facilities (Huelat 2008). 

Yet while these products certainly enhance performance, they are not ecologically 
sustainable over their full life cycle. Such biomimetic products require large energy 
quantities to manufacture, cannot repair themselves and have a built-in 
obsolescence without (necessarily) the capacity to recycle, while natural systems 
tend towards minimal energy use in production, curb excesses and recycle 
everything. To create a built environment that more closely emulates natural 
systems, researchers such as Rachel Armstrong and Neri Oxman are attempting to 
revolutionise material design and manufacture. Armstrong is developing protocell 
technology, where non-living cellular chemistry is harnessed at the microscopic level 
to create a new generation of building materials that use natural ingredients, can fix 
carbon dioxide from the atmosphere and have the capacity to be self-repairing 
(Armstrong 2011). Oxman’s functionally graded digital fabrication techniques can be 
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used to generate anisotropic materials with specialised geometric, structural or other 
heterogeneities (Oxman 2012). 

To this point, architecture as a discipline has not fully grasped the benefits and 
opportunities offered by biomimicry. But as scientific techniques improve, humanity’s 
detailed and functional understanding of the natural world will continue to increase, 
providing even more opportunities for biological inspiration at the functional level. 
The information, tools and ideas available to building practitioners from the natural 
world will all increase substantially. Design pathways have been established by the 
Biomimicry Institute via the ‘Design Spiral’ (Biomimicry: A Tool for Innovation
<http://www.biomimicryinstitute.org/about-us/biomimicry-a-tool-for-innovation.html>)  
and BioTRIZ (Vincent, Julian F. V. et al. 2006). Already, engineers and designers are 
finding more advanced methods to analyse and translate biological information to the 
built environment. New products are likely to gain viability and revolutionary 
breakthroughs in materials science appear probable, if not certain. The benefits of 
nature on human health and the healing process provide compelling reasons to 
integrate biomimicry into buildings and communities. As such, biomimicry will 
become an increasingly important design and engineering methodology in the first 
half of the 21st Century. If the concept is embraced holistically – where function takes 
precedence over form – biomimicry offers practitioners new methods of creating 
healthier, more sustainable buildings integrated within social and natural 
environments. 
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