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The project

Natural hazards and resilience in complex
urban systems

%

Understanding of vulnerabilities to multi-
dimensional, compounding and cascading
disaster impacts within complex urban systems

Better understanding of how to build urban
resilience and reduce disaster risk

Resilience strategies and investments

Communicate and disseminate insights

Source: Adobe Stock
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Project approach

Work Package 1

-

.

Review: state of
knowledge of
multidimensional,
compounding and
cascading disaster
impacts

~

Work Package 2

4 . . )
Review of practices

for conceptualising
and mapping
vulnerabilities and
resilience within
urban systems
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Work Package 4

Research
communication
and translation

Work Package 3

\

4 )

Review of practices
and processes to
prioritise, influence,
and undertake
urban resilience
investments

J




Research translation / Outcomes
= A

Practical guidance tool: Considerations for conceptual
mapping of vulnerabilities and resilience at local scales

— Proof of concept case study for practical guidance tool

. 4

- Draft process principles and standards for prioritising 0
and influencing urban resilience investments

— Draft guidance on monitoring and evaluation of urban
. resilience investments — work in progress 4

— Capability resources —work in progress




Where can | find out more”?

The project website Expression of interest to be part
of the proof-of-concept study



Complex urban systems
and systemic risk
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REVIEW AND OPPORTUNITIES FOR RESEARCH, POLICY AND
PRACTICE FROM THE PERSPECTIVE OF CLIMATE, ENVIRONMENTAL
AND DISASTER RISK SCIENCE AND MANAGEMENT

AL

v y— Australian Institute for % International ‘@ U N D R R K RISKKAN

Resilience Agency Disaster Resilience Science Council

The global voice for science UN Office for Disaster Risk Reduction
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How is urban resilience related to systemic risk?

Legend
o Colours represent inclusion in model (or perspective)
. Endogenous system component (directly modelled)

System boundary #2

‘--_-___----_----‘-~
. Exogenous system component (passed to model)
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System boundary #1 Unmodelled or unknown component

Shapes represent system elements and interactions

System element
Representation within system boundaries (colours)
O Size of circle indicates element prominence
. Event/shock affecting system elements

Representation within system boundaries
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= Element interaction/dependency

Interaction outside of displayed system

Special symbols and letters represent important systemic
effects exemplified by key system points
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Y Cascading risk

c D Feedback loop
) Compound risk
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Cities are
complex
systems

4 Community
/ /
9 and Social "

Economic and

\ Systems
Environmental

Financial
"‘\ S\,r'stems
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Infrastructure ;"' ' Housing
Systems 1” Systems
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Systems

(Adapted from FEMA, 2024, p. 7)




Cities are complex systems of

open systems

CITIES AS OPEN SYSTEMS

Cities are open systems, both influencing and influenced by
the external world via complex linkages and feedback loops
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Open boundaries Nationa]f Regional, and
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CITIES AS COMPLEX SYSTEMS

Interconnected elements, subsystems and systems

Bio-physical +
Built Systems
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Socio-economic

Systems /
Ecological Systems



Cities are a particular type of system

Cities are complex adaptive v
ependent
systems (CASs) s

When disruptions occur, they have the
capacity not just to self-organise, butto
continuously re-organise their elements,
sub-systems, and the patterns and
impacts of their interactions. Self-

Emergence

COMPLEX
ADAPTIVE
SYSTEMS

predictable
in detail

organization

Their emergent properties are more than
the sum of the individual parts but feed
back to the parts and contribute to new
ongoing interactions.

Adaptability

(Adapted from Folke, 2006, pp. 5-6) (Adapted from Akinboade, 2021, p. 5)



Hazards, risks and impacts in a CAS are
multidimensional, compound, cascading, and
changing over time

Complex Disasters

Compounding, Cascading,
and Protracted

Edited by Anna Lukasiewicz - Tayanah 0’Donnell
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Traffic management Pubhc services compromised

systems disrupted
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Communication Social services
Supply broken
Transport oy \ disrupted disrupted

Information Technology
Goods and Socnal infrastructure
people unable to travel

rban services




Imterdependence matrix of a flooded power
station

DOUGLAS PATON, Pu.D., C. PsvcroL. 5 é‘ w|
o c—
DAVID JOHNSTON, Pu.D. v B  EER <2 s » 2 5|E
Depends |2 & & 3 @ » 3 § EE g 3|E
on g"’?ﬁé%m?}ﬁ:fg%?i
v g d 32828333 ¢F ¢ 2|8
Water Supply ® 4 & % & & & & » % & 3 Flg
Gas Supply . . . . . . . . . . . . . 0
sewcrage * . - . . - . - . . - o - o
Slorm wmcr . . . . . . . . . . . . - 0
Mains Elcctricity 2 1 2 2 .. 2 3 ™ i 3 2 % I3l
Standby Electricity [ 3 1 3 3 ¢ I 3 @ % J 2 ® 21N
VHF Radio 3 & I 2 3 » 2 2 2 3 ®* 3 *|2%
Telephones 2 1 ¥ 4 A 2 ¢ 1 1 3 2 *]|13
Roads 2 2 2 2 3 2 1 2 2 3 2 3 )27
Rdll - . . . . . . . - - - . . 0
Aermnsmn Ll - - . - . . . - . . - - O
Fuel Supply 3 1 N e 3o 23 R 3 3 |23
Fire Flghung . L] * . . . . . . - 2 1 . 3
Air-conditioning w: e ok e Q0 2 M F o e g e 9
r - Equipment 3 3 3 2 35 3 F 3. F I 3 T F I
Total
Dependence 18 12 16 12 12 11 10 18 8 11 23 10 17 11
Priority
Factor 24 12 16 12 33 32 36 31 35 11 23 33 20 20
Note: 3 = High Dependence
2 = Moderate Dependence
| = Low Dependence
* = No Dependence
An Integrated Approach Priority Factor = Importance + Dependence




Inherent resilience

All cities have a degree of pre-
existing resilience

Based upon a variety of capacities.

But these are unevenly distributed in
society — and urban centres

Capacities for resilience can be
strengthened
* Planned resilience

L
Mitigation Preparation
Transformative Preparedness
capacity capacity
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(Scheffran, 2016, Figure 1)



And here we have decisions to make!

* How do we define resilience?
* Dowewantto address drivers of shocks or the stressors that intensify vulnerabilities

What capacities need strengthening?
How much change can society tolerate? What transaction costs will we bare?

| L . E
Mitigation > Preparation Intensity of change / transaction costs
—

iy = flexibility change
py 1. Absorptive coping Adaptive Transformative
4 i (- P ) ) .

f capacity Capacity Capacity
e Ve (persistence) (incremental adjustment) (transformational responses)
Recovery -i\& Response Re S I I I e n c e




But what decisions ?

m Purpose and Mechanisms

Engineering Purpose: To prevent, absorb orresist shocks through physical interventions that seek to make a
resilience system “fail-safe” by increasing the resistance or absorbative capacity of a system to disturbance.

Examples: Levee banks / sea walls / stronger building codes / fire breaks

ST LECTLIG T 18 Purpose: As well as absorb or resist shocks, socio-ecological resilience involves adapting system
resilience elements, subsystems, and their interconnections in order to retain essential system functions
without fundamentally altering its core identity. (self-organising and emergent behaviour)

Examples: Nature-based solutions / education, communication and capacity building / urban

farming
LB G EVYE Purpose: To achieve climate and disaster justice by reducing socio-economic vulnerabilities in
resilience order transform — fundamentally change — the power dynamics in a society to promote long-term

sustainability.

Examples: Participatory decision-making and governance / Application of FN knowledges /
doughnut economics / foresight




With what effect?

Systems-Level Urban Resilience Framework (ACAT): A Continuum Driven by Resilience Characteristics

A
TRANSFORMING
Policies and
8 investments unlock
5 ADAPTING suppressed
= Behavioral and economic and social
3 institutional changes potential
E COPING as a result of learning
(o] Systems are able to: and reflection on past
) . : experience
g AWAREN ESS WIt.hsta'nd ShOCk'S
(7] * maintain essential
-l Identify risks RiRERaAE
Enhance knowledge - quickly recover
and preparedness
Support resilient
actions and behaviors
\ 4

Resilience Characteristics
<€ >
Robustness — Redundancy
Inclusiveness
f— Coordination +
Reflectiveness

Worldbankgroup.org. (2019).
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