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Contents 
- Terminology: What are risk, vulnerability, resilience, adaptation?  
- Vulnerabilities of the natural and built environment to climate change and sea level rise 
- Inequality and Injustice in Climate and Global Change Impacts 
- Economic Risks 



Terminology
Risk



Terminology
Risk Insurance:

Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets



Terminology

Engineering: 
Risk = Event rate * vulnerability * consequences 

Risk Insurance:
Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets



Terminology

Engineering: 
Risk = Event rate * vulnerability * consequences 

Vulnerability:
Inability of a system to withstand the 
effects of a hostile environment.

Risk Insurance:
Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets



Terminology

Engineering: 
Risk = Event rate * vulnerability * consequences 

Vulnerability:
Inability of a system to withstand the 
effects of a hostile environment.

Social vulnerability:
The extent to which a community 
could be affected by stress, change  
or a hazard.

Risk Insurance:
Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets



Terminology

Engineering: 
Risk = Event rate * vulnerability * consequences 

Vulnerability:
Inability of a system to withstand the 
effects of a hostile environment.

Social vulnerability:
The extent to which a community 
could be affected by stress, change  
or a hazard.

Risk Insurance:
Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets



Terminology

Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets



Terminology

Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets

Application of equation suffers from: 
- underestimation of probability, particularly for infrequent, large events 
- worst cases are more frequent and worse than estimated



Terminology

Risk (in $) = Hazard Probability * Vulnerability * Exposed Assets

Application of equation suffers from: 
- underestimation of probability, particularly for infrequent, large events 
- worst cases are more frequent and worse than estimated

•probability of extreme events is often underestimated: 
•bad physics (incorrect description of processes) 
•bad assumptions (choice of poorly known parameters) 
•bad data (lacking, incomplete, or underappreciated) 
•bad luck (low probability events) (Stein, 2011, 2012)
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Risk defined as above: 
- does not consider short-term induced and post-event processes 
- does not consider cascading hazards 
- does not consider cascading effects  
- does not consider long-term post-event processes

Application of equation suffers from: 
- underestimation of probability, particularly for infrequent, large events 
- worst cases are more frequent and worse than estimated

}
- e.g., earthquakes trigger  

tsunamis, landslides, fires 
- e.g., fires destroy health facilities



Example: 1906 San Francisco Earthquake



Example: 2011 Tohoku-Oki Earthquake



Example: 2011 Tohoku-Oki Earthquake
Renesas Electronics, after the earthquake, 

causing problems for the global auto industry



Example: 2011 Tohoku-Oki Earthquake
Renesas Electronics, after the earthquake, 

causing problems for the global auto industry

May 2012: All fifteen bluefin 
tunas tested in S. California 

were contaminated
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Terminology

“Resilience is the act of rebounding or springing back” 
(Oxford English Dictionary, 1973) 

“Resilience is the capacity of a system to absorb disturbance 
and still retain its basic function and structure.” 

Brian Walker PhD. Resilience Thinking: Sustaining Ecosystems 
and People in a Changing World (Kindle Locations 64-65). 
Kindle Edition. 
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Terminology

Resilient systems bend under stress but do not break, so they 
are able to weather storms more effectively and recover more 
quickly. Adaptive systems are characterized by redundancy, 
diversity, efficiency, strength, interdependence, adaptability, 
and collaborativeness (Godschalk 2003). They are designed 
so that the failure of one part does not cause the whole system 
to collapse. 

Ayyub, Bilal M.. Sea Level Rise and Coastal Infrastructure: 
Prediction, Risks, and Solutions (Council on Disaster Risk 
Management (CDRM) Monograph) (Kindle Locations 
2359-2361). American Society of Civil Engineers. Kindle Edition. 
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“I want to reserve resilience to refer to the broader capability – how well can a system handle 
disruptions and variations that fall outside of the base mechanisms/model for being 
adaptive as defined in that system.” 

Hollnagel in Woods, D. D. Resilience Engineering: Concepts and Precepts (Kindle Locations 
487-488). Ashgate Publishing Ltd. Kindle Edition. 

However, we would argue that we should extend the definition a little more broadly, in order to 
encompass also the ability to avert the disaster or major upset, using these same 
characteristics. Resilience then describes also the characteristic of managing the organisation’s 
activities to anticipate and circumvent threats to its existence and primary goals. This is shown 
in particular in an ability to manage severe pressures and conflicts between safety and the 
primary production or performance goals of the organisation. 

Hale & Heijer, in Woods, D. D. Resilience Engineering: Concepts and Precepts (Kindle Locations 
728-732). Ashgate Publishing Ltd. Kindle Edition. 
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Terminology

Thresholds and the adaptive cycle metaphor are both central to resilience thinking. Adaptive 
cycles describe how many systems behave over time, and how resilience varies according to the 
phase where the system lies. Thresholds represent transitions between alternate regimes. 
While the two concepts can sometimes be related in the pattern of a particular system's 
dynamics, this not always the case. They are different models used for different purposes, and it is 
not always possible to equate the dynamics of a basin of attraction with the dynamics of an 
adaptive cycle. Where they do coincide, however, alternate regimes generally represent a new 
adaptive cycle, indicating that the system has new structures and feedbacks. 

Brian Walker PhD. Resilience Thinking: Sustaining Ecosystems and People in a Changing World 
(Kindle Locations 1168-1170). Kindle Edition.  
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Hysteresis: state of the system depends on 
both the presence and the past history.

Electromagnetic Displacement Field D as 
function of  the electrical field E.

Examples: 
- post-glacial deformation as function of ice load 
- global air temperature as function of atmospheric CO2 

- ecosystem as function of disturbances
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Summary

Risk: static, event based loss

Risk reduction —-> risk governance

Resilience: response to disturbance
Increasing Resilience —> Resilience governance: cycles, panarchy

Thresholds: (rapid) shift in system state

No concept for handling thresholds

Change: slow drift of system to a new state

Mitigation: reducing the potential for change
Adaptation: responding to, or preparing for change
Anti-fragile: learning from disturbances and impacts
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Inequality in Climate and Global Change Impacts

T. Wahl et al. Nature Commun. http://dx.doi.org/10.1038/ncomms16075 (2017).

http://dx.doi.org/10.1038/ncomms16075
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Example: 
Since 1970, the number of people exposed to floods 
and tropical cyclones has doubled.



Inequality in Climate and Global Change Impacts

- There are always risks  
- Risk distribution is uneven in space 
- Risk distribution is uneven in time 
- Risk distribution is uneven across society

Risk Distribution



Inequality in Climate and Global Change Impacts

- There are always risks  
- Risk distribution is uneven in space 
- Risk distribution is uneven in time 
- Risk distribution is uneven across society

Risk Distribution

None of the consequences of these shocks and 
stresses are equal. Poor people and poor countries 
suffer immeasurably more than others. In relative terms, 
the financial impact of disasters is far higher in 
developing countries. For example, South Asia suffers 
flood losses that are 15 times greater, as a percentage 
of GDP, than OECD countries. 
Those who are hit hardest are always the poorest, 
because they do not have access to welfare or social 
protection schemes, insurance, or „something in the 
kitty‟ to help them withstand an emergency.
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- There are always risks  
- Risk distribution is uneven in space 
- Risk distribution is uneven in time 
- Risk distribution is uneven across society 
- Risk can be socialized through insurance 

Risk Distribution

97% of people on low incomes have no insurance 
cover, and 90% of workers in least developed countries 
have no social security


