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ABSTRACT
Uncertainty exists in the current urban development of contemporary cities
and is getting diversified and complicated. Identifying and adapting to such
uncertainty is partly defining the future development of urban planning
and design. The concept of “resilient city” is developed from the current
scientific demands in urban planning and design. This article suggests
that Complex Adaptive System as a new system theory would help resilient
city planning and construction. According to the Complex Adaptive System
theory, a resilient city should possess the adaptability of its components,
diversity, autonomy, appropriate redundancy, slow-variable management,
and identification, in order to improve the ecological, social, and economic
resilience and vitality of the city.
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The diagram reveals
that the resilience of
a city shows a positive
correlation with the
level of its persistence,
adaptability, and
transformation
capacity, while
negatively correlated
with the degree

of turbulence and
vulnerability (Source:
cited from Ref. [1]).
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1 The Uncertainty in Urban
Development

Uncertainty exists in the current urban
development of contemporary cities and
would influence their future trajectories,
or even jeopardize cities’s security in
extreme cases.

The unprecedented frequency of
extreme climate events is challenging
the conventional measurement tools
and city-capacity estimation methods,
as well as the current urban planning
management means and the effectiveness
of urban infrastructures. Besides, the
rapid development of technologies
like Artificial Intelligence, Internet of
Things, and synthetic life has changed
contemporary societies and human
life, but it has also brought much
more uncertainties and vulnerabilities
to cities — This is why the “Internet
of Everything” is so-called “Internet
of Risks” or “Internet of Dangers.”

The fast urbanization is casting more
uncertainty on a city’s future — The
current urbanization largely relies on
the construction of motorized transport
network, which has compressed the
temporal and spatial dimensions of
societies and changed the way that

we perceive the world; The socio-
economic globalization tends to easily
aggravate the fluctuations of production-
consumption or demand-supply chains
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into a larger scale, evidenced by the
global financial crisis in 2008; The
increasingly urban-rural migration

and population mobility make city
growth difficult to predict; And, the
density and mixture of urban residents
are so high that complicates the future
development of cities. For example,
many cities have undergone a dramatic
and sudden transformation from rural
to urban in its construction, operation,
and development, accompanied by
population migration and upsurge,
intensive urban construction, industrial
restructure, changes of a city’s regional
influence and role, increased disaster
hazards and vulnerability, etc., which are
all challenging the societal, economic,
and ecological security of contemporary

cities.

2 Resilient City: Responding to the
Uncertainty in Urban Development

Conventional urban planning
methods, including amplifying security
margins or adjusting preliminary
plans, often fail to cope with such huge
uncertainty. The concept of “resilient
city” defines the cities that are capable
to alleviate natural and environmental
impact and population and development
pressure on their social, economic, and
technological systems and physical

urban infrastructures, while providing
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fundamental urban services and
maintaining functional structures and
characteristics. A resilient city is highly
adaptive to impacts with a strong
capacity to recovery or change. The
equations of Robustness of Resilient City
System and City Development Resilient
Index (Fig. 1) reveal that the resilience of
a city shows a positive correlation with
the level of its persistence, adaptability,
and transformation capacity, while
negatively correlated with the degree of
turbulence and vulnerability.

The resilience of a city includes three
aspects: structural resilience, process
resilience, and system resilience.

Structural resilience refers to the
resilience in technical, economic,
social, and government-policy aspects,
respectively an infrastructural capacity
to respond to natural disasters and
environmental pressures, a healthy
economic structure to resist financial
impacts, a high public tolerance to social
changes, and a governmental agency to
effectively provide multiple functions
and maintain the societal stability.

Process resilience refers to a
city’s ability to withstand, recover,
and transform from the impact of
serious disasters or contingencies. In a
withstanding phase, a city’s resilience
would resist the impact and keep each
urban system functioning through a
self-adjustment. In a recovery phase,
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when the city is disturbed to a certain

degree and fails to function properly,

the resilience would help urban systems

restore in a short period of time.
And, in a transformation phase, the

resilience would help alleviate the city’s

vulnerabilities and improve the urban
systems into a new balanced security
pattern.

System resilience refers to the
resilience that keeps a city functioning
as a living organism, consisting of
the sensing mechanism, arithmetic
mechanism, operational mechanism,
and feedback mechanism, which
together make the city capable
to predict disasters, risks, and
uncertainties with an aid of Artificial
Intelligence algorithms by collecting
related data and translating it into
computational languages to develop
responding solutions. Then, detailed-
planned roadmaps addressing to
specific issues would be implemented
through a cooperative work between
relevant agencies. Finally, the effects
or results would be fed back in real
time to the sensing system to inform
its future prediction. In this way,
the four mechanisms form a loop
system that supports a city to have an
ability of self-learning, -responding,
and -accumulating so that to remedy
vulnerabilities and better prepare for

future impacts.
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3 The Theory of Complex Adaptive
System: Methods and Principles of
Resilient Urban Design

Here, a Complex Adaptive System
(CAS) is supposed to design and build
resilient cities. CAS is a new system theory
derived from the General System Theory,
Cybernetics Theory, and Information
Theory (also known as the Old Three
Frames of System Theory) and the
Dissipative Structure Theory, Synergy
Theory, and Catastrophe Theory (also
known as the New Three Frames of
System Theory). CAS suggests that each
component in a given system would
respond to external disturbances through

self-adaption and in an intricate interaction

with each other, which dynamically
shapes the evolutionary path and the
structure of the system. CAS reveals that
the transformation or evolution of every
system is a collective resultant of all the
components’ perception on the external
world. This “hidden order” is often less
discussed by the previous theories.
According to the CAS theory, a
resilient city should not only possess the
adaptability of its components, diversity,
autonomy, appropriate redundancy, slow-
variable management, and identification,
but also guarantee and maximize the
city’s security, resilience, vitality, livability,
and small-scale ecological circulation of

resource and energy flows.

3.1 Adaptability of City Components

In a resilient city, all the components
— from citizens, enterprises,
organizations, and governments
of the city, to human construction,
communities, and the entire society —
would be capable of responding and
adapting to external changes by self-
learning, -recovering, or -transforming.
The resilience of a city is defined by the
adaption capacity of all the components.
For example, by applying technological
means and combining with architectural
design, a series of “micro urban farms”
can be built up in cities, which supports
on-site production and consumption,
helps increase crop yields and food
diversity, and guarantees food security.
This micro-scaled urban agricultural
network can also improve a city’s
resilience to food shortage or other
impacts caused by climate catastrophes.

3.2 Diversity

The more species and habitats
an ecosystem has, the stronger its
disturbance-tolerance will be. In a
resilient city, all key urban infrastructure
must be planned and constructed in a
decentralized way with a number of
small-scaled networks. In comparison
with conventional traffic planning
and construction methods that are
often questioned in accessibility and

connectivity, a resilient transport
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planning method should ensure that
people can conveniently access to any
destination in any commuting means.
For instance, a city’s buildings can be
connected with a sort of skywalk which
acts as a pedestrian corridor in dry

seasons and an urban shelter during

floods.

3.3 Autonomy

A city is a sophisticated integration
of all urban units, in various scales and
forms. Autonomy refers to urban units’
ability to self-restore or remedy each
other in the process of responding to
disasters, or the ability to reduce risks
or hazards. Urban units’ autonomy
would support and enhance the
resilience of a city. Examples include
Japan’s earthquake emergency system
that consists of family-, neighborhood-,
community-, and city-scaled agencies,
and The Netherlands’ automatic buoyant
flood control system constructed with

new materials.

3.4 Appropriate Redundancy

A resilient city must reserve
adequate space in urban infrastructure
construction (a kind of “redundancy™)
that supports replaceable programs,
multi-functional development, self-
adaptation and restoration, or any other
scenarios; the greater the redundancy
a city has, the more resilient it is. For

LANDSCAPE ARCHITECTURE FRONTIERS / VIEWS & CRITICISMS

example, the introduction of a domestic
water treatment system can support to
automatically collect, purify, and reuse
bath water, laundry water, roof rainwater,
etc. for toilet flushing and irrigation.

In this way, domestic sewage can be
recycled as a resource, instead of a waste,
through decentralized water management
system. This strategy will help water
saving and cope with water shortage and

remediation problems.

3.5 Slow-Variable Management

Cities’ vulnerability is often
aggregated by a “frog-boiling effect”:
public awareness of hazards slacken
and benumb in a subtly changing
environment, resulting in a decline in
responding capacity. Such slow-variables
represented by the boom in the real
estate development and the aging of
underground gas pipeline networks.
A resilient city would employ a smart
system based on information technologies
to predict risks or potential impacts and
identify the related thresholds.

3.6 Identification

An identification system is established
to distinguish the characteristics of
different city components, facilitating
an efficient and self-organizing
matching of demand and supply to
reduce information confusion caused

by the contradiction between integrity
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and individuality. In a developed
identification system, the initiative of
city components is enhanced, helping
more accurately find out the risks and
hazards in a disaster and then improving
the city’s resilience. For example, with
the aid of advanced technologies, the use
of face-identification systems that help
identify criminals, terrorists, etc., can
enhance a city’s security.

4 Conclusion

Conventional disaster prevention
ideologies tend to resist the impact of
all risks and uncertainties by building
a series of “walls” for the city. This
not only causes a great cost of natural
resources and construction materials, but
also brings more vulnerability to the city.
The existing centralized, large-scaled,
and engineered urban infrastructure
construction mode has been proven a
failure in coping with contemporary
demands nor alleviating the city’s
vulnerability. The theory of CAS sees a
necessity in improving the ecological,
social, and economic resilience and
vitality of cities. LAF
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