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Abstract Rapid urbanisation generates risks and

opportunities for sustainable development. Urban policy

and decision makers are challenged by the complexity of

cities as social–ecological–technical systems.

Consequently there is an increasing need for

collaborative knowledge development that supports a

whole-of-system view, and transformational change at

multiple scales. Such holistic urban approaches are rare in

practice. A co-design process involving researchers,

practitioners and other stakeholders, has progressed such

an approach in the Australian context, aiming to also

contribute to international knowledge development and

sharing. This process has generated three outputs: (1) a

shared framework to support more systematic knowledge

development and use, (2) identification of barriers that

create a gap between stated urban goals and actual practice,

and (3) identification of strategic focal areas to address this

gap. Developing integrated strategies at broader urban

scales is seen as the most pressing need. The knowledge

framework adopts a systems perspective that incorporates

the many urban trade-offs and synergies revealed by a

systems view. Broader implications are drawn for policy

and decision makers, for researchers and for a shared

forward agenda.

Keywords Cities � Complex urban systems �
Knowledge co-production � Sustainable urban

development � Trade-offs and synergies � Urbanisation

INTRODUCTION

The level of global urbanisation continues to increase with

66% of global population living in cities by 2050, so that

essentially all future population growth is projected to be in

urban areas (UNDESA 2014). The positive and negative

impacts of cities on global and local natural environments

(Grimm et al. 2008; Elmqvist et al. 2013), social and

economic outcomes (Glaeser 2012; Bai et al. 2014), and

human health and wellbeing (Vlahov and Galea 2002), will

increasingly determine sustainable development outcomes

and the prospects for staying within social and planetary

boundaries (Raworth 2012; Steffen et al. 2015). Urban

contributions to climate change, and the need for trans-

formative mitigation and adaptation, are similarly well

documented (Seto et al. 2014; Revi et al. 2014; Watts et al.

2015).

As much urban growth is still to come, there is an

opportunity to significantly influence sustainable urbani-

sation through decision making at local, metropolitan,

regional/sub-national and national levels. However, cities

are complex, dynamic systems and decision making needs

to be supported by relevant knowledge and identification of

flexible options and pathways. This calls for an enhanced

role of science and scientists in urban policy, planning and

management processes (McPhearson et al. 2016a).

Researchers can contribute through collaborative knowl-

edge development with urban stakeholders, capturing and

translating learning for decision makers in a more sys-

tematic way, and facilitating innovation, evolutionary co-

design and adaptive management of our cities.

Such collaborative effort has been quite common at

local spatial scales and within individual sectors—in the

urban context typically at precinct and building levels (e.g.

McCormick et al. 2013). Despite some examples (e.g.

Balducci et al. 2010; Albrechts 2013), knowledge co-de-

sign and co-production approaches are less common at the

broader metropolitan scale, and across multiple sectors.

Yet decisions at this broader scale have major implications

for sustainable development both in their own right, and in
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setting the context for initiatives at smaller ‘within-city’

scales. Metropolitan decision making also needs to include

implications for adjacent regions and more distant impacts

(Seto et al. 2012; Seitzinger et al. 2012); and can learn

from comparative city and case study analysis across

multiple jurisdictions and locations (Seitzinger et al. 2012),

taking account of their different urban characteristics (Seto

et al. 2010).

This article describes the first stages of a collaborative

research, policy and practice co-design process (the second

section ‘‘The co-design and co-production process’’), and

summarises the outcomes to date of applying this process

(the third and fourth sections ‘‘A knowledge framework for

sustainable urban development’’, ‘‘Insights on Australian

urban issues from the co-design process’’). It initially

focusses on the Australian context, but with the intent of

contributing to broader international efforts, including the

Future Earth Urban Knowledge Action Network (Future

Earth 2016). Our overall objective is to better support

urban policy and decision making through a more holistic,

participatory, systematic and sustained approach to

knowledge development and use.

The original contributions of the initiative to date have

been to

– extend the scale and scope of the urban co-design

process to encompass multi-scale, cross-sector, and

multi-agent connectivity and decision making, in

support of more integrated, evolutionary and transfor-

mational change;

– develop a shared knowledge framework through the co-

design process supplemented by insights from the

international literature; and

– identify through co-design some high leverage focal

areas that are essential for urban sustainability, and

related trade-offs and synergies at various scales,

drawing initially on the experience of multiple Aus-

tralian cities.

A key premise is that drawing on the experience across

cities within a single nation is a useful first step, as these

cities will often have broadly consistent context, history

and policy settings. This makes it possible to separate the

influence of such national factors from the more specific

characteristics of individual cities, and provides a firmer

foundation for international comparative city and case

study analysis and learning.

Australia has a range of urban challenges (Newton 2008;

Kelly and Donegan 2015). It is one of the most urbanised

countries in the world with 89% of the population living in

urban areas (UNDESA 2014, Table 1). Notwithstanding

high ‘liveability’ ratings of the major cities (EIU 2015),

current and emerging issues for Australia include the

continuing growth in population (e.g. Sydney and

Melbourne both projected to double in population to over 8

m people by 2061); ageing and inadequate infrastructure;

continuing urban sprawl albeit with some moves towards

increased density; work locations distant from home; lim-

ited public transport investment; growing traffic conges-

tion; decreasing housing affordability; people and

infrastructure vulnerabilities to climate change; and

socially disadvantaged communities with growing

inequalities.

Australia also has one of the highest and most unsus-

tainable per capita resource footprints in the world

(Wiedmann et al. 2015). Its urban consumption and pro-

duction patterns significantly impact on regional and global

resource extraction (Lenzen and Peters 2010). The trans-

formation necessary to achieve low carbon and resilient

conditions is significant (Ryan 2013). Yet institutional

arrangements, governance and underpinning knowledge

are highly fragmented.

As many of these challenges are common to other

countries, the findings aim to be relevant to international

efforts. The ‘‘Discussion and conclusions’’ section includes

reflexive insights from the co-design process that inform

policy and decision making, the supporting research pro-

cesses, and the potential for extension and broader appli-

cation of the approach.

THE CO-DESIGN AND CO-PRODUCTION

PROCESS

Co-design and co-production of knowledge are crucial if

research is to support those trying to manage and

influence sustainability (Lang et al. 2012), especially in

policy domains characterised by high stakes, complexity,

uncertainty and contestation (Dovers 1995). This

involves researchers engaging at the earliest possible

stage with decision makers and other stakeholders to

ensure that knowledge development will be salient,

credible and legitimate (Cash et al. 2003). Participatory

approaches to framing research questions, engaging with

scientific and non-scientific bodies of knowledge, and

tailoring research to the needs of users, have a long

tradition in transdisciplinary research (Funtowicz and

Ravetz 1994; Lang et al. 2012; Cornell et al. 2013). The

approach taken in this initiative builds on this research

tradition.

During 2014 discussions commenced in the Australian

research community on the contribution that a Future Earth

Australia program should make to the emerging interna-

tional Future Earth agenda (Future Earth 2014). A one-day

interdisciplinary workshop identified sustainable urban

development as a core theme for Australia, and this was

reinforced by a two-day Cities in Future Earth Conference
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sponsored by the Australian Academy of Sciences (Nor-

man et al. 2014). During 2015 researchers from a range of

disciplines commenced a co-design process with urban

policy makers and practitioners from around Australia. The

initial stakeholder focus was primarily (but not exclu-

sively) government agencies and programs. Overall, thir-

teen ‘policy/practitioner’ stakeholders were engaged in the

process, balanced to ensure representation from national,

state, city-region and local council levels, and from a

variety of Australian jurisdictions. The national- and state-

level representatives were identified by direct approaches

to the relevant organisations with urban development

responsibility, and the local council representatives with

the assistance of national associations for local govern-

ment. The latter included both inner-city and outer-urban

councils on the basis that they may have distinctive per-

spectives. The researchers involved were the co-authors of

this article, who themselves have had extensive experience

in collaborative urban projects with stakeholders around

Australia and internationally. Researchers and stakeholders

funded their own participation. This and the approach to

stakeholder identification meant that those who decided to

participate were likely to be motivated to contribute and

this was borne out by the quality of the subsequent stake-

holder contribution.

The co-design process started early in 2015 with a one-

day workshop of researchers to share insights from their

varied perspectives and agree on the next steps including

stakeholder engagement approaches. This led to identifi-

cation and initial contact with stakeholders; a review of

current published metropolitan (i.e. whole-of-city) strate-

gies and plans for the national capital (Canberra) and each

state capital (Brisbane, Sydney, Melbourne, Hobart, Ade-

laide, Perth), with a focus on distilling the urban goals and

strategic design principles reflected in those plans; a sum-

mary of the relevant coverage of current Australian-based

collaborative urban research programs; and a first-pass

literature review on urban systems and transformation.

This was followed by a series of semi-structured

interviews with individual stakeholders and researchers,

the results of which were distilled into key themes. The

interviews explored their experience and views on cur-

rent Australian urban contexts, goals and strategies; the

practical barriers to and enablers of more sustainable

urban development; and real examples of the issues (e.g.

trade-offs and synergies) that can arise when taking a

more holistic view of urban systems. The interim find-

ings from all the above were brought together in a

whole-day joint stakeholder/researcher workshop in late

2015, which tested the validity of the findings to that

point, and built on this to explore the framing options,

priority strategic focal areas, associated knowledge needs

and next steps for a more systems-oriented and

transformational approach to Australian urbanisation.

Discussions and conclusions were captured throughout

the workshop, and the outcomes subsequently validated

with all participants. The outcomes also helped focus a

second stage international literature review during 2016,

which related the Australian findings more overtly to

current urban development and related research interna-

tionally. The progressive iteration and testing of findings

with participants throughout the above activities proved

an effective way of developing agreed summary

outcomes.

Links back to Future Earth processes were made through

presentations on the initiative and initial findings to an

Asia-Pacific Future Earth urbanisation symposium in China

in late 2015 and a Future Earth Australia workshop in

Canberra in 2016.

As an overarching approach to guide the above

activities we progressively developed and followed the

knowledge co-production process at Fig. 1, including

some early iterations between phases. The process has

three collaborative phases (‘understanding context and

goals’, ‘framing and knowledge priorities’ and ‘devel-

oping knowledge and solutions’), with outcomes for both

practice and research also providing an opportunity for

shared reflection and iterative adjustment. The first two

phases can be thought of as the co-design element of the

overall co-production process, and have been the primary

focus of the collaborative work reported in this article.

While developed jointly with stakeholders as part of

the co-design process, it is also compatible with other

transdisciplinary research and co-production approaches

proposed for complex and contested issues. For example

the overall phases and their sequence are very consistent

with those identified in Lang et al. (2012), Mauser et al.

(2013) in the context of Future Earth’s transdisciplinary

ambitions, and Grove et al. (2015), Polk (2015) and

Frantzeskaki and Kabisch (2016) in the context of sus-

tainable urban development, though each of these uses

slightly different terminology to label each phase. There

is also a growing literature on specific aspects of urban

knowledge co-production (e.g. Munoz-Erickson 2014 on

identifying relevant roles of and connections between

urban actors; Nevens et al. 2013 on use of urban tran-

sition labs to explore innovative approaches; Gorissen

et al. 2016 on approaches to accelerating and scaling up

transitions). Many of the above sources also helpfully

identify detailed steps to work systematically through the

entire co-production process, and a range of co-produc-

tion challenges and good practices, especially for con-

tinuing success over a long period of time. Being at a

relatively early co-design and framing stage, we have not

yet had to face all those challenges, but our approaches

have nevertheless been consistent with their
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recommendations for early stages e.g. an open and

inclusive process to facilitate framing, sharing of all

information, opportunity for reflexive and iterative

thinking, encouraging a diversity of knowledge types and

experience, and approaches that facilitate knowledge

integration.

In addition Fig. 1 includes under each phase the

topics that were agreed as likely to be most relevant for

our initiative and the urban challenges it aims to address

(e.g. the importance of identifying barriers and enablers

to meeting urban goals; and synergies and trade-offs

faced by urban decision makers). It was the use of this

process, guided by the collaboratively identified topics

that led to the outcomes reported in the remainder of

this article. The outcomes in the ‘‘Insights on Australian

urban issues from the co-design process’’ section were

derived directly from the collaborative work with

stakeholders; those of ‘‘A knowledge framework for

sustainable urban development’’ and the ‘‘Discussion and

conclusions’’ sections partially so, but supplemented by

insights from the international literature.

A KNOWLEDGE FRAMEWORK

FOR SUSTAINABLE URBAN DEVELOPMENT

One of the key topics identified in the co-design phases in

Fig. 1 is the development of an overall knowledge frame-

work. We have developed such a framework for sustain-

able urban development (Fig. 2). In this context we use the

term ‘sustainable urban development’ to cover not only

sustainable resource use and impacts, but also the need for

socially just, equitable, inclusive, liveable and resilient

development. This is aligned with the scope of the recently

adopted UN Sustainable Development Goals (SDGs) (UN

2015).

The framework was developed in part to assist in posi-

tioning the findings from this initial co-design process, but

we also had in mind the potential for broader and longer-

term use. The importance of such a framework is that it can

facilitate shared and sustained understanding across mul-

tiple disciplines and stakeholders, and assist in more sys-

tematically mapping, integrating and translating new and

existing knowledge into policy and practice.

Fig. 1 Overall knowledge co-production process for sustainable urban development: developed through, and used in, the co-design process with

stakeholders. Two outcomes from such a process are envisaged: (1) practical guidance on policy and practice to assist government agency,

utility, private sector, investor and community decision makers at various levels; and (2) insights, frameworks and models that contribute to

future collaborative research. The whole process is reflexive and iterative, which is essential when dealing with complex systems
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While the framework should continue to evolve in use,

we have gone to some lengths to make it as robust and

well-grounded as possible. The overall structure, and key

features of the framework, emerged from the co-design

process. This includes the incorporation of multi-scale

connectivity, and the need to emphasise the systemic

influences on decision making by many agents operating at

multiple levels, as well as the systemic impacts of deci-

sions. This reflects a deliberate focus on developing

knowledge that will assist such multi-scale decision

making. The framework was also significantly informed by

a number of overarching ‘social-ecological’ frameworks

and systems approaches from the literature (e.g. Pickett

et al. 2011; Grimm et al. 2013; Grove et al. 2013; Wu

2014; Dı́az et al. 2015; McPhearson et al. 2016b; Bai et al.

2016).

It views sustainable urban development through several

interdependent components which also operate and inter-

connect at multiple (local, metropolitan, regional, national,

global) scales (Grimm et al. 2008; Pickett and Zhou 2015).

Fig. 2 Knowledge framework for sustainable urban development: developed through the co-design process, supplemented with insights from the

international literature (Component D is elaborated on at Fig. 3). Note that more than one word is sometimes used to convey a similar meaning,

to encompass alternative descriptors from multiple disciplines. Major linkages between components are: (1) urban decisions and choices at many

levels directly influence the structure and spatial patterns of urban assets (resources, capitals) at a point in time, and the processes associated with

those assets (‘assets’ are here broadly defined to cover human/social/institutional, natural/environmental and built/technical components of the

overall urban system; (2) these in turn determine the level and nature of urban functions and services, and, through these, the enhancement or

degradation of urban and remote assets over time; (3) autonomous and complex feedbacks take place between these components, often with

unintended consequences; (4)/(5)/(6) the actual functions/services experienced and the observed impacts on assets over time, influence future

goals and decision making through both informal (and sometimes subconscious) feedback processes (4), and more overt and formal policy

review processes (5)/(6); (7) formal goals (such as the UN SDGs and their translation to specific urban contexts) have the potential to drive

intentional evolutionary and transformative change; (8) however, to achieve this, urban decision making at all levels needs to consciously engage

with and progressively reshape the three fundamental prerequisites for such change; and recognise that flexibility is needed to explore,

accommodate and respond to the emergent nature of complex urban systems. These processes are operating at multiple and interconnected spatial

and temporal scales, which in practice are further defined by the key focal areas for action that are under investigation
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