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Class 14: (continued) Vulnerabilities of natural and human built 
environment; Economy, Inequality and injustice

Mitigation and Adaptation Studies

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 
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Thresholds and Resilience Thinking

Terminology

Thresholds (chapter 3) 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 ics 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.  



Terminology



Thresholds

Terminology

In a system, a threshold is a point at which 
a relatively small change or disturbance 
causes a rapid change in the system.



Thresholds

Terminology

In a system, a threshold is a point at which 
a relatively small change or disturbance 
causes a rapid change in the system.



Thresholds

Terminology

In a system, a threshold is a point at which 
a relatively small change or disturbance 
causes a rapid change in the system.



Terminology



Thresholds

Terminology



Terminology



Terminology

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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Lenton & Schellnhuber (2007) Nature Reports Climate Change
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Example: 
Since 1970, the number of people exposed to floods 
and tropical cyclones has doubled.
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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.



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 can be socialized through insurance 

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 can be socialized through insurance 

Risk Distribution

97 per cent of people on low incomes have no 
insurance cover, and 90 per cent of workers in least 
developed countries have no social security
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“..., almost all of the cities to be studied in 19.20.21 are cities that border 
the oceans of the world, and will be affected by the rise in sea levels 

19.20.21.org:
19 cities in the world with
20 million people in the
21st century 
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Terminology

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

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
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“What would you like to tell your 20 year old self?”
Eva Wilkerson, 2013
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The most likely single cause of 
premature death for young people today is an 
impact of climate change, such as heat waves, 

droughts, storms, food and water shortages, new 
sicknesses and pandemics, migration of large 
populations, civil unrest like in North Africa 

and Syria, and wars. 
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Class 15: Foresight: Understanding Uncertainty
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Contents 
- Uncertainty 
- Foreseeability 
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Nature Clim. Change, Editorial, 2013
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“A good understanding of the climate system is essential to allow society to prepare 
for the future. Increasing populations, diminishing resources, changing weather 
patterns and extreme events in combination with water scarcity and changing crop 
yields will all put pressure on communities. The only sure thing is that the climate and 
weather in the coming years will continue to have a degree of uncertainty and 
surprise us.” 

Nature Clim. Change, Editorial, 2013

Aleatoric uncertainties: statistical uncertainties 
Epistemic uncertainties: systemic uncertainties,  
                                    including knowledge gaps

Complex systems: 
Aiming at understanding what the system 
might do, instead of trying to predict what it 
will do …

Why the New World Disorder 
Constantly Surprises Us And 
What We Can Do About It
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IPCC, 2013

Uncertainty



Note: No accelerated contribution from 
Greenland and Antarctic ice sheets 
considered

IPCC, 2013 Modified from Church et al. (2010)

Uncertainty



Hansen et al. (2008) Plag and Jules-Plag (2013)

Scientifically, we cannot 
exclude a large, rapid global 
sea level rise with large 
spatial variability in local sea 
level rise.

Century Global Sea Level Changes

Century Global Surface Temperature Changes

Question: What is the 
probability density function 
for sea level change per 
century?
Look at paleo-data …

Sea Level Change

-6.3 m 6.3 m

-0.9oC 4.5oC
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Foreseeability

Foreseeability 
n. reasonable anticipation of the possible results of an action, such as what may happen if one is 
negligent or consequential damages resulting a from breach of a contract.  

The facility to perceive, know in advance, or reasonably anticipate that damage or injury will 
probably ensue from acts or omissions.

In the law of Negligence, the foreseeability aspect of proximate cause—the event which is the 
primary cause of the injury—is established by proof that the actor, as a person of ordinary 
intelligence and circumspection, should reasonably have foreseen that his or her negligent act 
would imperil others, whether by the event that transpired or some similar occurrence, and 
regardless of what the actor surmised would happen in regard to the actual event or the manner 
of causation of injuries. 
West's Encyclopedia of American Law, edition 2. Copyright 2008 The Gale Group, Inc. All rights 
reserved.

http://legal-dictionary.thefreedictionary.com/negligence

