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Abstract: The intensity and range of health challenges that people in cities are facing has increased
in recent years. This is due in part to a failure to adequately adapt and respond to emergent and
expanding global systemic risks, but also to a still-limited understanding of the profound impacts
of complexity on urban health. While complexity science is increasingly embraced by the health
and urban sciences, it has yet to be functionally incorporated into urban health research, policy, and
practice. Accelerating urbanization in a context of escalating environmental constraints will require
deeper engagement with complexity, yet also, paradoxically, much swifter, more effective, and more
risk-averse decision-making. Meeting these demands will require adopting a science, policy and
practice style which is integrative, inclusive, collaborative, systemic, fast, and frugal. We propose
transformational shifts in scientific methodology, epistemological and ontological stances, types of
rationality, and governance to shift researchers, policymakers, practitioners, and citizens towards a
new, complexity-informed science of urban health.
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1. Introduction

While urban health scientists and decision makers have long acknowledged that cities
are complex systems, inquiry and practice have yet to fully contend with the implications.
We suggest here that approaching cities as complex systems will require significant, explicit
changes to current research and practices for urban health. Failing to take such an approach
contributes to data, decisions, and outcomes that perpetuate inequities, reduce freedoms,
fail to adequately address environmental and ecosystem degradation, and contribute to
suboptimal or declining health for the billions living in urban areas—particularly in times
of global health crises, like those arising from climate change and the recent COVID-19
pandemic. As such, urban health should pursue a deeper, more pragmatic engagement
with urban complexity science. This would help address the most urgent health and equity
issues in cities, reduce the unintended consequences of urbanization—and of sustainable
development itself—and strengthen competencies for governing complex urban systems.

Over the last several decades, various commissions and commentaries have called
for more research on how city decision making and urban design influence population
health and health equity, and for corresponding action [1-3]. These important reviews
themselves build upon an older literature demanding that urban design, planning, and
policy recognize the unique characteristics that contribute to well-being or ill health in
urban settings [4-7]. This half-century of incremental work holds critical insights for urban
health, yet there is still considerable scope to benefit from a new perspective on the interface
between urban health science and policymaking that:
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e acknowledges and prioritizes persistent inequities and recognizes their substantial
origins in urban complexity;

e  proceeds from a basic recognition that urban health is an emergent outcome of complex
processes, and accordingly interrogates linear assumptions about health causation;

e adopts a multiscale perspective, considering how complex regional and global con-
nectedness, networks, and flows impact urban health;

e focuses on ways to foster civic participation in urban goal setting, implementation,
governance, monitoring, and communication;

e recognizes and works toward local resilience as an enabling framework for anticipat-
ing, responding to, and learning from health crises;

e  places a greater emphasis on history and learning, especially from failed urban health
experiments and under-appreciated successes;

e  makes use of new digital tools and techniques.

Urban health scholars and practitioners have already, in many contexts, recognized
that delivering more healthy, equitable, and inclusive cities depends on engaging more
substantially with urban complexity, rather than attempting to simplify the irreducible. In
fact, it is increasingly accepted that many negative health impacts in cities emerge due to
the difficulty of perceiving, understanding, and governing urban complexity [8].

Important advances have been made in polycentric, participatory, reflexive, adaptive,
and transdisciplinary research and policy styles, which can be viewed as attempts to
engage with complexity and match complex decision-making situations with requisite
governance institutions (e.g., structures, mechanisms, rules) [9]. Yet, recent times have also
seen a reverse trend, towards more top-down/impositional and less bottom-up /consensual
policy styles [10-12]; this trend has likely been accelerated by global health emergencies,
risks, and disasters, and especially by the recent global COVID-19 pandemic [13].

This is not to say that more consensual policy styles are always ‘better’. Rather, to
effectively navigate an increasingly complex social, ecological, and technological urban
environment, it is essential to have policy styles, participatory decision-making mecha-
nisms, and governance capacities that match the constraints and opportunities imposed by
complexity. The first law of cybernetics states that systems must have a number of control
or response mechanisms equal to or greater than the number of potential disturbances the
system faces [14]. Policymaking under complexity rarely obeys this law, usually due to the
competing interest of creating more economically efficient outcomes.

Vatn [15] argues for the importance of matching policy regimes to complexity, noting
that the latter conditions the very framework for decision choices. In contrast to simple
modular systems, complex systems demand consideration of not only individual but so-
cial rationality, and not only instrumental but communicative rationality. In other words,
they require that we consider not only the sum of progress toward individual goals but
progress toward collective goals, and not only technical means of achieving outcomes but
mechanisms that foster iterative, consensual understanding. Too often, institutional inertia
causes science and policy to be based merely on individual rationality and instrumental
types of human interactions, leading to cost-efficient but suboptimal choices and unin-
tended negative consequences, particularly for complex issues such as urban sustainability
and health. Mueller [16] traces “ubiquitous” policy failure to the false assumption that
complex systems can be precisely determined, closely predicted and exactly controlled—a
paradoxically simplistic acknowledgement of complexity that leads to overconfidence and
unrealistic expectations.

Reservations against engaging more deeply with complexity are sometimes predicated
on the perception that such engagement precludes timely and rigorous application of
the scientific method. This is an especially poignant critique in the context of escalating
challenges, where solutions are needed much faster than traditional science can typically
provide them. Yet narrow decision-making based on linear assumptions often leads to
calamitous outcomes in complex systems; in the words of Read [17] (often misattributed
to Keynes), “It is better to be vaguely right than exactly wrong.” Moreover, decision-
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making under complexity need not be fatally slow: there is a rich history of rapid, heuristic
decision-making successfully applied to complex situations in health [18,19].

Decision-making guided by complexity science may also be perceived as lacking
clarity (e.g., of goals, methods, or messages) and can accordingly give rise to mistrust. This
is one reason why solutions to complex urban health issues usually depend on collective
action; involving all relevant stakeholders across all pertinent scales increases the legitimacy
of decisions, even where complexity imposes irreducible ambiguities.

Decision-makers themselves can impose additional barriers to engaging with com-
plexity. For example, they may choose to persevere with an existing policy style or decision-
making approach to maintain credibility and avoid the perception of unreliability—a
behavior explainable through the lens of so-called ‘sunk costs’. Complexity, often con-
fused with ‘complicatedness’, can engender resistance based on the perceived costs of
change—especially when changes might threaten policymakers” accustomed roles and
positions. Vested interests will often prevent decision makers from making necessary
changes to systems from which they benefit. These factors apply even where existing
outcomes are globally suboptimal, and a complexity-informed approach would benefit the
common good.

The challenge of systematizing complexity thinking in research, policy and practice is
substantial. It calls for institutionalizing the participatory processes of knowledge-making
within institutions that have consistently worked to isolate expert knowledge from the
vagaries of dissent, populism, and politics. In grappling with the partiality of scientific
knowledge and the inevitable uncertainty associated with complex reality, Jasanoff [20]
made the case for ‘technologies of humility’; methods—or better yet, institutionalized habits
of thought—that seek to come to grips with the ragged fringes of human understanding:
the unknown, the uncertain, the ambiguous, and the uncontrollable. Acknowledging the
limits of prediction and control, technologies of humility confront head-on the normative
implications of our lack of perfect foresight. They call for different capabilities and different
forms of engagement between experts, decision-makers, and the public than have previ-
ously been considered needful in governance. They require not only formal mechanisms
of participation but also an intellectual environment in which citizens are encouraged to
bring their knowledge and skills to bear on the resolution of common problems.

In sum, it has become clear that informational and epistemological frameworks for
policymaking must be adjusted in the face of complexity. In this commentary, we propose
modifications to policymaking styles for urban health, elaborating on how complexity
science and policy can be applied to urban health challenges to meet the demands of the
21st century.

2. Toward a New Urban Health Science

There is a long history of understanding and engaging with cities as complex systems.
In the mid-19th century, Cerda [21] laid the groundwork for a science of cities on the
basis of observations of geometry, form, and notions of mechanism at work. Geddes [22],
half a century later, perceived cities as evolving from flows and networks. More recently,
alongside significant advances in the field of complexity science, cities came to be seen
as products of bottom-up, evolutionary, self-organizing processes, rather than top-down
design [23,24].

Over the past decade, a new urban science has emerged which recognizes that cities
are centers of complexity, encompassing multiple types of embedded, overlapping, and in-
teracting systems [25-27]. Because this complexity is partly organized and partly emergent,
cities are partly plannable and partly unpredictable and unplannable, depending on the
physical and time scales of observation.

Urban health, defined here as the health of people living in cities and the complex
state of the environments on which it depends, is no less subject to complexity than are
cities themselves. Accordingly, to continue to safeguard and improve human health and
the environment, especially in the context of escalating risks, the field of urban health
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will also have to come to grips with urban complexity. A new science for healthy cities
would draw on lessons from the broader inquiry into urban complexity [28]. It would
complement an understanding of urban health as the outcome of multiple social and
environmental determinants, deepening the recognition of urban health as a product of
the mutual interactions between humans and their environments—or, more broadly, as an
emergent property of interacting socio-ecological-technological systems (SETS) [29,30].

The shift in focus from a multiple determinants perspective to one focusing on systemic
interactions implies a corresponding change in the structure of the scientific enterprise;
whereas the former can be studied by teams of researchers from multiple disciplines work-
ing in parallel, the latter requires consilience (converging evidence from many unrelated
lines of inquiry) and the robust uptake of inter- and transdisciplinary inquiry [9,31,32]. This,
in turn, requires a greater focus on participatory processes in order to ensure the multiple
lines of evidence needed to generate new insights and inform policy and practice (among
other benefits). In the words of Jane Jacobs [33], “Cities have the capability of providing
something for everybody, only because, and only when, they are created by everybody.”

By its nature, a complexity-informed science of urban health would encourage a focus
on the upstream root causes of urban health and environmental challenges, allowing for
a more efficient, proactive approach rooted in prevention, rather than the more typical
reactive mode that endeavors to alleviate problems. Through its embrace of inclusive partic-
ipation and a focus on systemic unintended consequences, it would also offer insights and
incentives for addressing pervasive social, institutional, and health inequities in cities [34].

Critically, such an approach would also be better suited to understanding and finding
solutions in the context of the characteristic hyperconnectivity of modern urbanization. As
articulated by Batty [26], “In a world now dominated by communications ... it is high
time we changed our focus from locations to interactions, from thinking of cities simply
as idealized morphologies to thinking of them as patterns of communication, interaction,
trade, and exchange; in short, to thinking of them as networks.” Urban spaces feature
exponentially accelerating connectivity. For example, modern transport systems enable
rapid and thus more geographically extensive mobility, and thus larger numbers of potential
person-to-person connections. The dense, intensely interconnected, rapidly changing
milieux enabled by transport and other urban systems require governance responses that
are equally fast, flexible, diverse, and multi-source, as has been observed for the special
case of COVID-19 [35,36].

Urban connectivity is not limited to person-to-person interactions. Through systemic
connections, urban complexity translates human activity into broad impacts on people
and environments, solving some problems but also creating new ‘wicked’ challenges,
themselves inextricably connected [37]. Thus, global urban systems have driven growth
and development, raised life expectancy, and reduced poverty. However, urban growth
is founded on—and has systematically degraded—the global ecosystems to which global
networks of cities are connected and which provide the resources to build and feed cities
and the sinks which absorb their wastes [38,39].

Thus, the better understanding of the city as a complex system eventually leads us to
a firmer appreciation of the deep connections between cities and our planet. In the face of
increasingly systemic global risks [13] and the increasing likelihood that we will collectively
fail to achieve the United Nations Sustainable Development Goals (SDGs) [40] by 2030 [41],
this understanding may also lead us to crucial new insights into how to define and pursue
sustainability, drawing on lessons from complexity science and on our capacity for collective
action and intelligence. It should also foster engagement with existing conceptual critiques
of sustainable development [42-44]—in particular the ecological incoherence of the most
widely visible measures of ‘progress’ [45]—fostering better outcomes by expanding the
discourse of ideas.
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3. Shifts to Enable a Complexity-Informed Approach to Urban Health

Based on long-standing observations by scientists, urban residents and other stakehold-
ers, and decision makers, we propose four critical shifts to underpin a complexity-informed
approach to urban health. These shifts have to do with (a) how we perceive the nature of
the challenges we face (ontology) and our ability to have knowledge about them (episte-
mology); (b) the tools we use to derive that knowledge (methodology); (c) the way that we
respond to and make decisions based on that knowledge (rationality); and (d) the way we
organize our institutions to promote such an approach (governance).

1. Nature and how we know it: shifting ontological and epistemological stances

For close to half a millennium, the scientific method has been the primary basis for
our claim to “know” reality, and thus the basis for evidence-informed decision-making.
Indeed, Wilson observed that “with aid of the scientific method, we have gained an
encompassing view of the physical world far beyond the dreams of earlier generations” [46].
Yet, this expanded view, and indeed the scientific method itself, has in some contexts been
challenged as failing to represent a full or useful picture of real-world problems.

As classically applied, the scientific method tends to assume that natural processes
are reducible to observable, testable cause-and-effect relationships among independent
variables. It tends toward quantitative rather than qualitative analysis, discourages ambi-
guity, and perceives the analyst as an objective, unboundedly rational individual standing

‘outside’ the observed system. In philosophy this belief has been referred to as realism.

Reality, however, involves a host of complications: non-linear feedback relationships,
multiway causality, emergent behavior, and the methods by which we observe or try to
discover realty. The nature of human processes means that scientific production itself is
subject to complex biases. It is therefore rarely helpful to ask which model is closest to one
universal reality. What is more useful is to acknowledge that all models fail to completely
account for the complexities of reality and that some models are more useful than others:
model-dependent realism [47].

Thus, classical science often fails to produce actionable knowledge or meet societal
needs. Models fail to reflect people’s lived realities. Research cycles are consistently out-
paced by events, institutional mechanisms for incorporating science into decision-making
are underdeveloped, and scientific practice often fails to match the scope or complexity of
societal challenges. Although overall trust in science is high—and in some contexts may
even be higher in the context of the COVID-19 pandemic [47]—distrust often exists among
groups or in contexts where science is perceived as producing evidence that diverges from
lived realities or prescribing action that fails to address local priorities [48].

Addressing these issues requires shifting our understanding of the nature of reality
and how we can know it. An alternate, more useful understanding of complex systems
can be achieved by methodologies which are not less rigorous but more qualitative, allow
ambiguity, and perceive complexity as emerging from the interactions among system
components and with the broader environment—including interactions with the observer,
who is thus internalized to the system. Such an approach suggests that the complex
systems we observe and are part of are amenable to understanding and thus to forecasting
and influence. A critical difference from the classical approach is the observation that
science itself is not indifferent to changing environments and changing decision making
situations [49].

Apart from model-dependent realism, another response has been to recognize the im-
portance of a post-normal and mission-oriented approach to science [50,51]. While normal
science claims its credibility from avoiding bias, post-normal science makes a conscious
choice about the biases and values most appropriate to the task of guiding science to create
knowledge for practice. It likewise embraces a broader section of society (an extended peer
community) in the process of producing knowledge [52]. Among problems addressed by
post-normal science are those relating to major technological hazards or environmental
pollution. For such issues, ethical judgements and values play as important a role as formal
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analysis. Wider adoption of this epistemological stance—through conscious promotion by
scientific authorities, in education, and in policy and practice—would improve our ability
to meet increasingly complex challenges.

2.  Sharpening the tools of the trade: shifting scientific methodology

To overcome persistent barriers to human understanding and effective practice, the
scientific method, as typically implemented, must expand in its conceptualization and
application to incorporate new methodologies; for example, systems approaches and
transdisciplinary research are widely recognized as key methods for addressing complex
challenges [9,29,53]. In the urban health context, Newell and Siri argue for the application
of low-order system dynamics models in urban health policymaking [54].

Indeed, the practice of science is itself a complex system which would benefit from the
insights of complexity science, continually adapting and honing its methods, rules, and
perceptions to meet the enduring demands of a complex reality.

Similarly, to meet the demands of our new model-dependent realism, science must
incorporate new domains of evidence, including practical and experiential knowledge and
insights from the social sciences, and new partners from outside the science domain.

We have begun to see changes in the structure of science that would support method-
ological innovation. Indeed, “In every age, science is shaped around its leading problems,
and it evolves with them” [55]. And thus, in the contextual shift from a ‘small world on a big
planet’ to a ‘big world on a small planet’ [56], with vastly more (and more interconnected)
people, cities, and other human artifacts, we have begun to see a softening of disciplinary
boundaries and the appearance of hybrid scientific domains “in which consilience is im-
plicit” [46], as well as the emergence of action-oriented, post-normal science in contexts
where uncertainties are epistemological or ethical and decision stakes reflect conflicting
purposes among stakeholders.

The continued expansion of novel, complexity-oriented methodologies will require
explicit institutional and financial support as part of a project of field-building. It will
require a serious effort by researchers to limit jargon and provide useful explanations
and straightforward solutions for complex problems—without shortchanging irreducible
complexity. Perhaps most of all, it will require an unflagging focus on the creation of
actionable knowledge relevant to end users, given that the translation of knowledge into
action is entirely dependent on societal trust in science.

Various resources are available to support this transition. To name just two, the Interna-
tional Science Council’s global science programme on Urban Health and Wellbeing has over
the last decade elaborated a systems approach to urban health and suggested actions for
future research and action [57]. Meanwhile, the OECD has promulgated recommendations
for supporting transdisciplinary research to address complex societal challenges, part of a
wider, growing recognition of the value of this approach [9].

3. Translating knowledge into justified action: shifting rationality

When confronted with uncertainty (as opposed to calculable risks), limited time, data,
and computational capacity—as is often the case in complex decision-making
situations—traditional notions of rational action, premised on optimal decisions made
under perfect information, are inaccurate and will typically fail to deliver desired outcomes.
Rather, in such situations, ecological rationality, which accounts for context, and collabora-
tive rationality, which seeks to progressively approach better answers through a process of
co-discovery, should be favored.

Among other features, such rubrics may make use of heuristics to avoid the need for
the explicit computation of probabilities and should be better adapted to the structure of
their environment. In the shift from deterministic to probabilistic to heuristic decision-
making, unrealistic assumptions of unbounded rationality and unlimited computational
capabilities are increasingly relaxed. While heuristics are not a substitute for in-depth
investigation, in an uncertain world, a simple heuristic—i.e., a fast, frugal, generally
experience-based decision-making strategy that focuses on a small set of highly relevant
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predictors—can be more accurate than other decision-making strategies when action is
urgently needed. Ecologically rational decisions can be achieved when heuristics are
well-matched to their environments.

Heuristics have been promoted as one approach to managing complexity, for example,
in the implementation of green infrastructure [58] and in data-driven urban design [59].
Critical systems thinking in ICT4S (Information and Communication Technology for Sus-
tainability) requires a critical systems heuristics (CSH) approach, as demonstrated in
Sidewalk Labs ‘smart city” project in Toronto. CSH recognizes the limits of computational
approaches in urban decision making and balances the tension between facts and values
which must be taken into account and the notions of how people think human life should
be organized [60]. Similar examples include the partial systems analysis of noise pollution
reduction in a district of Beirut [61].

Another key element of rational decision-making in complex situations is collaboration
among diverse partners. As is the case for methodological approaches to knowledge
production, diversity in experiences, values, priorities, and background knowledge is
critical to ensuring that decisions are both well-matched to needs and are likely to achieve
the buy-in necessary for effective implementation.

All complex urban decision-making situations involve a range of interacting subjects
and objects and diverse types of resources, including private, common pool and public
goods and services. Adequate responses will incorporate a diverse set of methods based
on different rationalities, accounting for both facts and values, as well as experiences and
past knowledge of the past and future needs and aspirations.

4. Supporting a complexity-informed approach: shifting governance

When decision making strategies become more ecologically rational, and therefore, by
definition, better matched to their social and biophysical environments, they will necessarily
become more inclusive, deliberative, and reflexive. The norms and principles on which
decisions are based should be adaptive and not persist irrespective of the circumstances
under which they were formulated, which may have changed. In such contexts, governance
for complex decision-making situations will be more robust and yet more flexible than
structures based on individual rationality (i.e., based on an assumption of fixed principles
and relationships).

Robust governance structures contribute to health-promoting urban complexity. They
are adaptive insofar as they benefit from existing decision-making rules and strategies
while retaining the capacity to change by learning. They are reflexive in the sense that they
are able to change themselves in response to reflections on their own performance within
the changing environments they operate in [62-64].

These shifts do not happen automatically and therefore we need substantially more
research on the ways in which governance mechanisms and institutional structures interact
with complex systems, as well as advocacy to promote those systems that generate healthy
complexity (without creating unproductive chaos).

4. Conclusions

Urbanization continues to create a range of challenges and inequities which threaten
health and wellbeing. A new urban health science is needed to understand why and
how this is happening and to adequately and rapidly respond to systemic risks and
prevent human disasters. The increasing complexity that comes with urbanization does
not inexorably lead to an urban advantage.

The complexity of urban systems needs to be actively shaped; urban health challenges
must be met with a diversifying array of human- and social capital supported by well-
functioning and well-connected physical, institutional, and technological infrastructure.

In the practice of science, coping with complexity requires explicit efforts and invest-
ments into multidisciplinary, interdisciplinary, transdisciplinary, and mission-oriented
science. Due to persistent incentive structures in science, specialized, narrow knowledge
published in high-ranking journals is favored over more general and practical guides,
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reports or knowledge communication. These features of science practice lead to a frag-
mentation of knowledge and an increasing inequality of voices operating at the level
of policymaking.

In terms of policy-making, coping with complexity requires more investments in the
empowerment of the public, building social cohesion and participatory decision-making,
not merely securing privileges and decision-making power. It requires leadership which
does not shy away from complexity and is willing to address institutional and policy
reforms which are tailored towards building collective action and the public good, also, or
particularly, when that means that the political system needs to reform itself in order to
better cope with complex decision-making situations.

In society, it means to actively engage in and with the urban health challenges that
urban residents are confronted with, and for them to be part of the urban planning and
design processes. It requires the articulation and recognition of people’s visions of the city
they need and want.

Bringing all of these required shifts together and building new interactions and al-
liances can be done by learning from cities in the real world which have grown and
transformed successfully in response to the challenges they faced in the past. By exploring
new possibilities and spaces provided by digitalization, today we are also able to take part
in modelling, building and simulating healthy cities of and for the future. Complexity
leadership theory [65], collaborative modelling and urban planning, citizen science, and
creative collective intelligence [66] are examples which are part of a bundle of actions taking
us forward to creating a new urban health science.

Author Contributions: All authors contributed equally to the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This opinion piece is the outcome of the International Science Council’s (ISC) global science
programme on Urban Health and Wellbeing: A Systems Approach, which received funding by the
Chinese Academy of Sciences, the Chinese Association of Science and Technology and the Xiamen
City Bureau of Science and Technology.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Vlahov, D.; Freudenberg, N.; Proietti, F.; Ompad, D.; Quinn, A.; Nandi, V.; Galea, S. Urban as a Determinant of Health. J. Urban
Health 2007, 84, 16-26. [CrossRef] [PubMed]

2. Rydin, Y; Bleahu, A.; Davies, M.; Davila, ].D.; Friel, S.; Grandis, G.D.; Groce, N.; Hallal, P.C.; Hamilton, I., Howden-Chapman, P, et al.
Shaping Cities for Health: Complexity and the Planning of Urban Environments in the 21st Century. Lancet 2012, 379, 2079-2108.
[CrossRef] [PubMed]

3. Giles-Corti, B.; Moudon, A.V.; Lowe, M.; Adlakha, D.; Cerin, E.; Boeing, G.; Higgs, C.; Arundel, J; Liu, S.; Hinckson, E.; et al.
Creating Healthy and Sustainable Cities: What Gets Measured, Gets Done. Lancet Glob. Health 2022, 10, e782—€785. [CrossRef]
[PubMed]

4. Duhl, L]. The Healthy City: Its Function and Its Future. Health Promot. Int. 1986, 1, 55-60. [CrossRef]

5.  Harpham, T,; Lusty, T.; Vaughan, P. In the Shadow of the City: Community Health and the Urban Poor; Oxford University Press:
Oxford, UK, 1988; ISBN 978-0-19-261698-2.

6.  WHO Healthy Cities Project. Promoting Health in the Urban Context; WHO Healthy Cities Papers; World Health Organization:
Geneva, Switzerland, 1988.

7.  Stephens, C. Healthy Cities or Unhealthy Islands? The Health and Social Implications of Urban Inequality. Environ. Urban. 1996,
8, 9-30. [CrossRef]

8. Rybski, D.; Gonzalez, M.C. Cities as Complex Systems—Collection Overview. PLoS ONE 2022, 17, e0262964. [CrossRef]

9.  OECD Addressing Societal Challenges Using Transdisciplinary Research. Technol. Ind. Policy Pap. 2020. [CrossRef]

10. Richardson, J. The Changing British Policy Style: From Governance to Government? Br. Polit. 2018, 13, 215-233. [CrossRef]

11. Zahariadis, N.; Petridou, E.; Exadaktylos, T.; Sparf, ]J. Policy Styles and Political Trust in Europe’s National Responses to the
COVID-19 Crisis. Policy Stud. 2021, 44, 46-67. [CrossRef]

12.  Zahariadis, N.; Petridou, E.; Exadaktylos, T.; Sparf, J. (Eds.) Policy Styles and Trust in the Age of Pandemics: Global Threat, National
Responses; Routledge: Abingdon, Oxfordshire, UK, 2022.

13.  UNDRR. Global Assessment Report on Disaster Risk Reduction 2022: Our World at Risk: Transforming Governance for a Resilient Future;

United Nations Office for Disaster Risk Reduction: Geneva, Switzerland, 2022.


http://doi.org/10.1007/s11524-007-9169-3
http://www.ncbi.nlm.nih.gov/pubmed/17356903
http://doi.org/10.1016/S0140-6736(12)60435-8
http://www.ncbi.nlm.nih.gov/pubmed/22651973
http://doi.org/10.1016/S2214-109X(22)00070-5
http://www.ncbi.nlm.nih.gov/pubmed/35561709
http://doi.org/10.1093/heapro/1.1.55
http://doi.org/10.1177/095624789600800211
http://doi.org/10.1371/journal.pone.0262964
http://doi.org/10.1787/0ca0ca45-en
http://doi.org/10.1057/s41293-017-0051-y
http://doi.org/10.1080/01442872.2021.2019211

Urban Sci. 2023, 7, 30 90of 10

14.
15.
16.
17.
18.
19.

20.
21.

22.

23.
24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.
40.
41.
42.
43.
44.
45.
46.
47.
48.

49.
50.

Ashby, W.R. An Introduction to Cybernetics; Chapman and Hall: London, UK, 1956.

Vatn, A. Institutions and the Environment; Edward Elgar Publishing: Cheltenham, UK, 2005; ISBN 978-1-84720-121-8.

Mueller, B. Why Public Policies Fail: Policymaking under Complexity. EconomiA 2020, 21, 311-323. [CrossRef]

Read, C. Logic: Deductive and Inductive; D. Appleton: Boston, MA, USA, 1898.

Gigerenzer, G.; Todd, PM.; Group, A.R. Simple Heuristics That Make Us Smart; Illustrated edition; Oxford University Press: New
York, NY, USA, 2000; ISBN 978-0-19-514381-2.

Marewski, J.N.; Gigerenzer, G. Heuristic Decision Making in Medicine. Dialogues Clin. Neurosci. 2012, 14, 77-89. [CrossRef]
[PubMed]

Jasanoff, S. Technologies of Humility. Nature 2007, 450, 33. [CrossRef] [PubMed]

Cerda, I. Cerda: The Five Bases of the General Theory of Urbanization; Soria y Puig, A., Ed.; Gingko Press Inc.: Madrid, Spain, 1999;
ISBN 978-84-8156-065-7.

Geddes, S.P. Cities in Evolution: An Introduction to the Town Planning Movement and to the Study of Civics.; Williams: London,
UK, 1915.

Portugali, J. Self-Organization and the City; Springer Series in Synergetics; Springer: Berlin, Heidelberg, 2000.

Batty, M. Cities and Complexity: Understanding Cities with Cellular Automata, Agent-Based Models, and Fractals; MIT Press: Cambridge,
MA, USA, 2005; ISBN 978-0-262-02583-6.

Portugali, J.; Meyer, H.; Stolk, E.; Tan, E. (Eds.) Complexity Theories of Cities Have Come of Age: An Overview with Implications to
Urban Planning and Design; Springer: Berlin, Heidelberg, 2012.

Batty, M. The New Science of Cities; MIT Press: Cambridge, MA, USA, 2013; ISBN 978-0-262-01952-1.

Bettencourt, L.M.A. Introduction to Urban Science: Evidence and Theory of Cities as Complex Systems; MIT Press: Cambridge, MA,
USA, 2021; ISBN 978-0-262-04600-8.

Gatzweiler, EW,; Reis, S.; Zhang, Y.; Jayasinghe, S. Lessons from Complexity Science for Urban Health and Well-Being. Cities
Health 2017, 1, 210-223. [CrossRef]

Bai, X.; Surveyer, A.; Elmqvist, T.; Gatzweiler, EW.; Giineralp, B.; Parnell, S.; Prieur-Richard, A.-H.; Shrivastava, P; Siri, ].G.;
Stafford-Smith, M.; et al. Defining and Advancing a Systems Approach for Sustainable Cities. Curr. Opin. Environ. Sustain. 2016,
23, 69-78. [CrossRef]

Meerow, S.; Newell, J.P.; Stults, M. Defining Urban Resilience: A Review. Landsc. Urban Plan. 2016, 147, 38-49. [CrossRef]
Lawrence, R.J.; Gatzweiler, EW. Wanted: A Transdisciplinary Knowledge Domain for Urban Health. J. Urban Health Bull. N. Y.
Acad. Med. 2017, 94, 592-596. [CrossRef]

Pineo, H.; Turnbull, E.R.; Davies, M.; Rowson, M.; Hayward, A.C.; Hart, G.; Johnson, A.M.; Aldridge, R.W. A New Transdisci-
plinary Research Model to Investigate and Improve the Health of the Public. Health Promot. Int. 2021, 36, 481-492. [CrossRef]
Jacobs, J. The Death and Life of Great American Cities; Vintage Books: New York, NY, USA, 1961.

Corburn, J. Healthy City Planning: From Neighbourhood to National Health Equity; Routledge: Oxfordshire, UK, 2013.

Jayasinghe, S. The COVID-19 Pandemic and Complexity Science: A Convergence of Earth Systems, Virus Species, the Urbanocene
and Physical Hyper-Connectivity. Univ. Colombo Rev. 2020, 1, 5-15. [CrossRef]

Thoradeniya, T.; Jayasinghe, S. COVID-19 and Future Pandemics: A Global Systems Approach and Relevance to SDGs. Glob.
Health 2021, 17, 59. [CrossRef]

Kearney, M. Astonishingly Hyperconnected. Issues Sci. Technol. 2022, 38, 77-80.

Scott, A.J.; Storper, M. The Nature of Cities: The Scope and Limits of Urban Theory. Int. J. Urban Reg. Res. 2015, 39, 1-15.
[CrossRef]

Whitmee, S.; Haines, A.; Beyrer, C.; Boltz, F.; Capon, A.G.; de Souza Dias, B.E; Ezeh, A.; Frumkin, H.; Gong, P.; Head, P.; et al.
Safeguarding Human Health in the Anthropocene Epoch: Report of The Rockefeller Foundation-Lancet Commission on Planetary
Health. Lancet 2015, 386, 1973-2028. [CrossRef] [PubMed]

United Nations Transforming Our World: The 2030 Agenda for Sustainable Development; United Nations: New York, NY, USA, 2015.
United Nations. World Moving Backwards on Sustainable Development Goals, Secretary-General Tells Economic and Social
Council, Deploring ‘Fundamental Lack of Solidarity’. Meetings Coverage and Press Releases, 22 March 2022.

Edwards, A.R.; McKibben, B. Thriving Beyond Sustainability: Pathways to a Resilient Society; Illustrated edition; New Society
Publishers: Gabriola Island, BC, Canada, 2010; ISBN 978-0-86571-641-4.

McDonough, W.; Braungart, M.; Clinton, B. The Upcycle: Beyond Sustainability—Designing for Abundance, 1st ed.; North Point
Press: New York, NY, USA, 2013; ISBN 978-0-86547-748-3.

Dernbach, J.C.; Cheever, F. Sustainable Development and Its Discontents. Transnatl. Environ. Law 2015, 4, 247-287. [CrossRef]
Hickel, ]. The World’s Sustainable Development Goals Aren’t Sustainable. Foreign Policy, 30 September 2020.

Wilson, E.O. Consilience: The Unity of Knowledge; Reprint edition; Vintage: New York, NY, USA, 1999; ISBN 978-0-679-76867-8.
Hawking, S.; Mlodinov, L. The Grand Design; Bantam Books: New York, NY, USA, 2010.

Wellcome Global Monitor Project Wellcome Global Monitor 2020: How Covid-19 Affected People’s Lives and Their Views about Science;
Wellcome Trust: London, UK, 2020.

Bergeron, E. The Historical Roots of Mistrust in Science. Human Rights, 14 June 2021.

Funtowicz, S5.0.; Ravetz, J.R. A New Scientific Methodology for Global Environmental Issues. In Ecological Economics: The Science
and Management of Sustainability; Costanza, R., Ed.; Columbia University Press: New York, NY, USA, 1991.


http://doi.org/10.1016/j.econ.2019.11.002
http://doi.org/10.31887/DCNS.2012.14.1/jmarewski
http://www.ncbi.nlm.nih.gov/pubmed/22577307
http://doi.org/10.1038/450033a
http://www.ncbi.nlm.nih.gov/pubmed/17972866
http://doi.org/10.1080/23748834.2018.1448551
http://doi.org/10.1016/j.cosust.2016.11.010
http://doi.org/10.1016/j.landurbplan.2015.11.011
http://doi.org/10.1007/s11524-017-0182-x
http://doi.org/10.1093/heapro/daaa125
http://doi.org/10.4038/ucr.v1i1.25
http://doi.org/10.1186/s12992-021-00711-6
http://doi.org/10.1111/1468-2427.12134
http://doi.org/10.1016/S0140-6736(15)60901-1
http://www.ncbi.nlm.nih.gov/pubmed/26188744
http://doi.org/10.1017/S2047102515000163

Urban Sci. 2023, 7, 30 10 of 10

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

International Science Council. Unleashing Science: Delivering Missions for Sustainability; International Science Council: Paris,
France, 2021.

Konig, N.; Bersen, T.; Emmeche, C. The Ethos of Post-Normal Science. Futures 2017, 91, 12-24. [CrossRef]

Ebikeme, C.; Gatzweiler, F.; Oni, T,; Liu, J.; Oyuela, A.; Siri, J. Xiamen Call for Action: Building the Brain of the City—Universal
Principles of Urban Health. J. Urban Health 2019, 96, 507-509. [CrossRef]

Newell, B.; Siri, J. A Role for Low-Order System Dynamics Models in Urban Health Policy Making. Environ. Int. 2016, 95, 93-97.
[CrossRef]

Funtowicz, S.; Ravetz, J.R. SCIENCE FOR THE POST-NORMAL AGE. In The Postnormal Times Reader; SARDAR, Z., Ed.;
International Institute of Islamic Thought: Herndon, MV, USA, 2019; pp. 23—46. ISBN 978-1-56564-991-0.

Rockstrom, J.; Klum, M.; Miller, P. Big World, Small Planet: Abundance within Planetary Boundaries; Illustrated edition; Yale
University Press: New Haven, CT, USA; London, UK, 2015; ISBN 978-0-300-21836-7.

UHWRB. Report of the Scientific Committee of the International Science Council’s Programme on Urban Health and Wellbeing. An
Interdisciplinary Science-Action Plan for Urban Health and Wellbeing in an Age of Complexity and Systemic Risks (2021-2025); Urban
Health and Wellbeing Programme: Xiamen, China, 2021.

Aaltonen, M.; Sanders, T. Identifying Systems” New Initial Conditions as Influence Points for the Future. Foresight 2006, 8, 28-35.
[CrossRef]

Mosler, S.; Hobson, P. Close-To-Nature Heuristic Design Principles for Future Urban Green Infrastructure. Urban Plan. 2021, 6,
67-79. [CrossRef]

Webb, A. The Heuristics of Agency: On Computation, Big Data Urban Design. Int. Robot. Amp Autom. J. 2019, 5, 121. [CrossRef]
McCord, C.; Becker, C. Sidewalk and Toronto: Critical Systems Heuristics and the Smart City. In Proceedings of the 6th
International Conference on ICT for Sustainability, ICT4S 2019, Lappeenranta, Finland, 10-14 June 2019; Wolff, A., Ed.; CEUR-
WS.org. 2019; Volume 2382.

El-Bastawissi, I.; Baba, N.E.; Khalil, S.; Hage, N.E.; Joumblat, R.; Gatzweiler, F. Partial Systems Analysis of Traffic Noise Reduction
in Tarik al Jadidah, Beirut. BAU J. -Creat. Sustain. Dev. 2022, 3, 9. [CrossRef]

Beck, U.; Giddens, A.; Lash, S. Reflexive Modernization: Politics, Tradition and Aesthetics in the Modern Social Order; Stanford
University Press: Stanford, CA, USA, 1994; ISBN 978-0-8047-2472-2.

Dryzek, ].S. Deliberative Democracy and Beyond: Liberals, Critics, Contestations, 1st ed.; Oxford University Press: Oxford, UK, 2002;
ISBN 978-0-19-925043-1.

Duit, A.; Galaz, V. Governance and Complexity—Emerging Issues for Governance Theory. Governance 2008, 21, 311-335.
[CrossRef]

Arena, M.].; Uhl-Bien, M. Complexity Leadership Theory: Shifting from Human Capital to Social Capital. People Strategy 2016, 39,
22-27.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.futures.2016.12.004
http://doi.org/10.1007/s11524-018-00342-0
http://doi.org/10.1016/j.envint.2016.08.003
http://doi.org/10.1108/14636680610668054
http://doi.org/10.17645/up.v6i4.4451
http://doi.org/10.15406/iratj.2019.05.00183
http://doi.org/10.54729/URLW9540
http://doi.org/10.1111/j.1468-0491.2008.00402.x

	Introduction 
	Toward a New Urban Health Science 
	Shifts to Enable a Complexity-Informed Approach to Urban Health 
	Conclusions 
	References

