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Contents: 
- Climate Change and Sea Level Hazards 

     - Detecting Changes 
     - Assessing Knowledge 
     - Understanding the Processes and Causes
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Climate Change and Sea Level Hazards

Questions: 
- How well do we know the past and current changes? 
- How well do we understand the processes and causes? 
- How are the hazards potentially going to impact human and non-human systems? 
- To what extent can we predict or anticipate future changes? 
- Do we have foresight in terms of what might happen?

Changes in extremes: 
- Storms (hurricanes, typhoons,         

tornados, thunderstorms)  
- Floods 
- Droughts 
- Heat Waves 
- Ice storms and snow fall

Changes in means: 
- air temperature 
- precipitation 
- wind field/circulation 
- evapotranspiration 
- humidity 
- soil moisture 
- permafrost 
- sea and lake levels 
- inundation 
- river runoff 
- desertification 
- ice and snow cover

Changes in dynamics and chemistry: 
- ocean circulation 
- atmospheric circulation 
- ocean temperature 
- ocean acidification 
- soil, air and water chemistry

Hazards:

Changes in biosphere: 
- ecosystem health and services  
- migration 
- invasive species 
- extinction
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INTERGOVERNMENTAL PANEL ON climate change

 

The Intergovernmental Panel on Climate Change (IPCC) is the leading international body for the assessment 
of climate change. It was established by the United Nations Environment Programme (UNEP) and the World 

Meteorological Organization (WMO) to provide an authoritative international assessment of the scientific 
aspects of climate change, based on the most recent scientific, technical and socio-economic information 
published worldwide. The IPCC’s periodic assessments of the causes, impacts and possible response strategies 
to climate change are the most comprehensive and up-to-date reports available on the subject, and form the 
standard reference for all concerned with climate change in academia, government and industry worldwide. This 
Synthesis Report is the fourth element of the IPCC Fifth Assessment Report, Climate Change 2013/2014. More than  
800 international experts assessed climate change in this Fifth Assessment Report. The three Working Group 
contributions are available from the Cambridge University Press:
 
Climate Change 2013 – The Physical Science Basis 
Contribution of Working Group I  to the Fifth Assessment Report of the IPCC
(ISBN 9781107661820 paperback; ISBN 9781107057999 hardback) 

Climate Change 2014 – Impacts, Adaptation, and Vulnerability         
Contribution of Working Group II to the Fifth Assessment Report of the IPCC
(Part A: ISBN 9781107641655 paperback; ISBN 9781107058071 hardback)
(Part B: ISBN 9781107683860 paperback; ISBN 9781107058163 hardback)

Climate Change 2014 – Mitigation of Climate Change                   
Contribution of Working Group III to the Fifth Assessment Report of the IPCC
(ISBN 9781107654815 paperback; ISBN 9781107058217 hardback) 

Climate Change 2014 – Synthesis Report is based on the assessments carried out by the three Working Groups of 
the IPCC and written by a dedicated Core Writing Team of authors. It provides an integrated assessment of climate 
change and addresses the following topics: 
• Observed changes and their causes
• Future climate changes, risks and impacts 
• Future pathways for adaptation, mitigation and sustainable development
• Adaptation and mitigation
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Agriculture, Forestry, 
Other Land Use
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Class 14: 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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Terminology
Academic disciplines have a beginning, just like any other institution in society. The ancient 
Greeks were particularly inventive in establishing many of the disciplines we take for granted today 
– history, geometry, and a form of physics. We may be in a similar position today with the study of 
the future. Before the Enlightenment, religion was in charge of our knowledge of the future 
supplemented by a healthy dose of superstition. The modern world improved on that approach by 
introducing the concepts of mathematical extrapolation and prediction. That approach served us 
well when the world was more orderly, but simple extrapolation does not do justice to a complex 
and increasingly novel future. Nevertheless, we are still equipping our students to deal with the 
future in this century with the tools from the last few centuries. My recommended change, 
therefore, is that every student in the world takes at least one required course on foresight and 
futures studies in order to handle change in the world that they will live in rather than the world that 
their parents and teachers did. 

Peter Bishop, 2017, Fast Future Publishing 
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Terminology

“In general, risk means the possibility of loss or injury. Risk is 
an event that, if it occurs, has unwanted consequences.” 

Pinto, Cesar Ariel; Garvey, Paul R.. Advanced Risk Analysis in 
Engineering Enterprise Systems (Statistics:  A Series of 
Textbooks and Monographs) (Page 1). CRC Press. Kindle 
Edition. 

Risk



Terminology

U.K. CCC in CCRA 2017: 
In this report, 'risk' is taken to mean 'the potential for 
consequences where something of value is at stake and where 
the outcome is uncertain'. The choice of risks and 
opportunities presented reflects those thought to have the 
potential for most damage or benefit to the UK and have a 
reasonable chance of occurring.

“In general, risk means the possibility of loss or injury. Risk is 
an event that, if it occurs, has unwanted consequences.” 

Pinto, Cesar Ariel; Garvey, Paul R.. Advanced Risk Analysis in 
Engineering Enterprise Systems (Statistics:  A Series of 
Textbooks and Monographs) (Page 1). CRC Press. Kindle 
Edition. 
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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)



Terminology



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

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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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



Terminology



Terminology



Resilience

Terminology

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



Resilience

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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Resilience

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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Resilience

Terminology

“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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Resilience

Terminology

http://stockholmresilience.org/download/18.10119fc11455d3c557d6928/1459560241272/SRC+Applying+Resilience+final.pdf

http://stockholmresilience.org/download/18.10119fc11455d3c557d6928/1459560241272/SRC+Applying+Resilience+final.pdf
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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


