
Gaining a Better Understanding of How to Cope with Extreme 
Low Probability and High Impact Shock Events 

 
 

And What About Sea Level Rise? 
 



Paul Smith * 
 

• Engineer 
• Arup 

• Concerned Human Being 

* paul-c.smith@arup.com 



 Arup is an independent firm of designers, planners, 

engineers, consultants and technical specialists offering a 

broad range of professional services. 



• Founded in 1946 

• Named after Ove Arup 

• 12,000 people  

• 92 offices in 40 countries 

• Projects have taken Arup us to over 160 countries 

• Arup is a wholly independent organisation 

 

 
• Independent 

• Owned in trust for the benefit of its employees and their dependants 

• No shareholders or external investors 

• Able to determine our own priorities and direction as a business 
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5   5   29 Years Ago : Principal Engineer with problems to solve - but which problem first? 

1986 ESKOM Hydro-Electric Plant Build, Stellenbosch, South Africa 
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2015 

Quantified Risk Analysis 
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Principal Objectives 
for Disaster / Accident Risk Reduction and Resilience Improvement, in cooperation with ODU, Norfolk VA. 

• To perform quantitative assessments of the risk and impact posed by possible extreme natural 
hazard shock events of low probability and high impact. This requires evaluation analyses using 
both deterministic and probabilistic symbolic modelling. 
 

• To carry out the quantitative assessments with realistic modelling data and information of the 
specific vulnerable system or location being analysed, as opposed to a "conservatively- oriented" 
approach. {Please note: This “realistic” modelling approach will utilise “real” system data and information as far as possible, yet 

also being aware and accounting for the degree of uncertainty that possible shock events of low probability and high impact 
represent}. 

 
• Develop the logic, methodology and actual evaluation technique with real pilot assessments, 

recognising the need to perform these assessments, while  gaining a better understanding of the 
limitations and constraints that this new approach presents. 
 

• To identify and define particular areas in which future research and development may be 
fruitfully directed, while at the same time establishing a comprehensive educational framework 
that may be used by educational and training institutions for the future. 
 

• To include independent peer scrutiny that interrogates the effectiveness, useability and validity of 
analysis results, and how the results may be best applied for establishing (i) disaster (and 
accident) risk reduction, (ii) resilience improvement and (iii) well founded coping strategies for 
low probability and high impact shock events. 
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Significant Objectives 
for Disaster / Accident Risk Reduction and Resilience Improvement, in cooperation with ODU, Norfolk VA. 

• To actively coordinate and cooperate the support needed for development of research, 
development and training to establish a recognised and accepted means for quantitative 
assessment of the risk and impact posed by extreme natural hazard shock events of low 
probability and high impact. 
 

• To produce specific Pilot Example Studies of priority localities that are potentially vulnerable to 
low probability and high impact shock events. The results from the quantitative assessments will 
provide (i) disaster (and accident) risk reduction, (ii) resilience improvement and (iii) well 
founded coping strategies. 
 

• To establish a Round-Robin Benchmarking initiative that may confidently be applied world-wide, 
while also establishing the basis for a future International Standard and Code of Practice.  
 

• To establish an international forum for lessons learned and a culture for continuous 
improvement of the International Standard and Code of Practice. 
 

• To gain recognition of the International Standard and Code of Practice, thereby introducing a 
recognised basis for financial regulation political governance to have a fairly rigorous and 
consistent means of applying a systemic disaster risk reduction and resilience improvement 
evaluation technique that is able to address society’s technical infrastructure, social well being 
and environmental impact from extreme natural hazard shock events of low probability and high 
impact. 
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2014 
Technical Innovation in Nuclear Civil Engineering (TINCE); 
Paul C. Smith, Paris, 2014. 

Concept of Holistic Integrity Test first introduced in 2014 is to HIT the Nuclear 
Facility, its plant, contained dangers and its specific / regional site to determine 
how it copes with a severe shock event, specifically addressing onerous threats and 
shocks – accounting for Before, During and After the Accident. 
 
The HIT was explained at TINCE 2014 in terms of a Nuclear Facility, addressing 
three fundamental risk reduction goals, although the technique is universally 
applicable: 

• The ability to tolerate and withstand shocks, while continuing to 
sustain key safety functions; 
 

• The ability to wisely direct and manage the crisis situation, accounting 
for the diverse scenarios that could occur; 
 

• To be able to quickly recovery and stabilise to a safe and secure state 
that is stable and sustainable in the long term. 
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2015 

Quantified Risk Analysis 
 

The GAPS 
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Gaps Holistic Disaster & Accident Risk Assessment  Gap Issues: 

Gap 1. Understanding and knowledge by modeling of disasters and emergent accidents should be based 

on a standard quantitative risk analysis logic, methodology and process. 

Gap 2. Future modeling of disasters and emergent accidents to achieve risk reduction and resilience 

improvement should be consistent, validated and verifiable to an international standard and code of 

practice. 

Gap 3. Education, training and documentation related to disasters and accident risk reduction and 

resilience improvement should be standardised, establishing standard terms / glossary. 

Gap 4. New and improved holistic system modeling techniques for analysing disasters and emergent 

accidents to achieve risk reduction and resilience improvement should be developed. {For 

example:- the HIT or Holistic Integrity Test}. 

Gap 5. Holistic system modeling used to analyse disasters and accidents for risk reduction and resilience 

improvement should integrate both deterministic and probabilistic quantitative techniques. 

Gap 6. Holistic system modeling used to analyse disasters and accidents for risk reduction and resilience 

improvement should apply quantitative, contiguous and consistent risk / consequence criteria. 

Gap 7. Holistic system modeling used to analyse disasters and accidents for risk reduction and resilience 

improvement should model the complete cycle – before, during and after; to sustainability. 

Gap 8. The degree of holistic system structural damage that can be caused by extreme hazards and its 

ultimate effect to inhibit, hamper and degrade coping (strategy, capability and scale). 

Gap 9. The role and importance of network systems in terms of their vulnerability and possible weakness 

when exposed to hazards, together with the resultant damage caused to the networks for a given 

set of extreme hazards. 

Gap 10. The role and importance of structural/technical network systems that are the basis of essential 

services and supplies. {For example:- water, electricity and gas}. 
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Gaps Holistic Disaster & Accident Risk Assessment  Gap Issues: 

Gap 11. The role and importance of structural/technical network systems that are the basis of normal, 

emergency, accident and disaster coping strategies. {For example:- monitoring, surveillance, voice 

and data communications to command and control}. 

Gap 12. The role and importance of the structural and non-structural emergency coping supply chain to 

provide supplemental essential water, food and medicines. 

Gap 13. Understanding the economic response to severe shocks, how the economic system can react and 

adapt. 

Gap 14. Understanding the interactions between the economic intrinsic dynamic shock have can arise 

during financial crises, compared to the normal business cycle. 

Gap 15. Understanding how immediate financial crises due to severe shocks are coped with by the public 

household, companies, local and wider government. 

Gap 16. The explicit and implicit nature of disaster and accident mitigation coping cycles before, during and 

after the severe shock event. 

Gap 17. The standard and practical basis for disaster and accident response, recovery, reconstruction, 

rehabilitation, re-economisation and future long term sustainability. 

Gap 18. Uncertainty and variability of the analysis techniques for disaster risk reduction and resilience 

improvement in terms of best logic, methodology and process practice. 

Gap 19. The need to minimise data and analysis biases that introduce uncertainty and erroneous modelling 

results due to (i) hazard bias, (ii) temporal bias, (iii) accounting bias, (iv) criteria bias, (v) geography 

bias, (vi) systemic bias, (vii) lower threshold bias, (viii) upper artificial frequency / magnitude cut 

bias and (ix) geographical bias. 

Gap 20. Monitoring and collection of data from hazards, disasters and accidents should be standardised 

and be based on a generally accepted code of practice. 
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2015 
The past conceptual basis for risk has been and still is: 
 

Probability x Consequence = a form of theoretical value 
 
Probability x Consequence = A Number  ~  1.23 x 10-6 per annum 

 
or 

 
Vulnerability x Hazard = another form of theoretical value 
 
Vulnerability x Hazard = A Number’ish  ~  I Think? 
 
 

Simple (too simple maybe), Fixed, A Number and Useful…? 
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1975 
WASH-1400 (NUREG-75/014) 
Reactor Safety Study; 
Norman Rasmussen et al., 
United States Regulatory Commission, October 1975. 
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1975 
WASH-1400 (NUREG-75/014) 
Reactor Safety Study; 
Norman Rasmussen et al., 
United States Regulatory Commission, October 1975. 

Symbolic Event Tree 
• Systematic Evaluation 
• Inductive Reasoning 
• Causal Direction 
• Forward Method 
• Start at Basic Events 
• Hazard and Risk Analysis 
• Single Point Failures 
• Need System Knowledge 
• Need Basic Events 
• Need Conditional Data 
• Complete Causal Tree 

Induce Succeed / Fail Events 
from Lower Basic Events 
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1975 
WASH-1400 (NUREG-75/014) 
Reactor Safety Study; 
Norman Rasmussen et al., 
United States Regulatory Commission, October 1975. 

Symbolic Fault Tree 
• Partial-Expert Evaluation 
• Deductive Reasoning 
• Anti-Causal Direction 
• Backward Method 
• Start at System Failure 
• Backwards to Possible Causes 
• Consequence Analysis 
• Don’t Need System Knowledge 
• Don’t Need Basic Events 
• Need Good Sense 
• Limit to Anti-Causal Tree 

Deduce what caused Up-Upper 
Failure / Loss of Function ? 
Was it >This’’<  OR  >That’’< ? 

Deduce what caused Upper Failure / 
Loss of Function ? 
Was it >This’<  OR  >That’< ? 

>This’’< >That’’< 

>This’< >That’< 

ODU 2015: Resilient Region Reality Check: Rising Above the Waters 



18   18   

System Reliability – Concepts and Applications; 
Klaas B. Klaassen and Jack C.L. van Peppen, 
Edward Arnold,1989. 

A Functional “System” of 
Components A, B and C 

Symbolic Fault Tree of the 
“System” 

~ Negative Approach ~ 

Symbolic Success Tree of 
the “System” 

~ Positive Approach ~ 

1989 

AND-gate OR-gate 

OR-gate AND-gate 
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System Reliability – Concepts and Applications; 
Klaas B. Klaassen and Jack C.L. van Peppen, 
Edward Arnold,1989. 

A Functional “System” of 
Components A, B and C 

1989 

Symbolic Fault Tree of the 
“System” 

~ Negative Approach ~ 

Symbolic Success Tree of 
the “System” 

~ Positive Approach ~ 

>This’’< >That’’< 

>This’< >That’< 

>This’’< >That’’< 

>This’< >That’< 

Fault Tree Success Tree 

AND-gate OR-gate 

OR-gate AND-gate 
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1979 

Three Mile Island Nuclear Accident – 28th March 1979 

ODU 2015: Resilient Region Reality Check: Rising Above the Waters 



21   21   

1986 

Chernobyl Nuclear Accident – 26th April 1986 
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2011 

Fukushima Daiichi Nuclear Accident – 11th March 2011 
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2012 
This report is meant to reinforce the administrative authority of 
the legislative body and strengthen oversight activities on issues 
related to nuclear power. As the first independent commission 
chartered by the Diet in the history of Japan’s constitutional 
government, we would like to emphasize how important it is that 
this report be utilized, for the Japanese people and for the people 
of the world. 
 
THE EARTHQUAKE AND TSUNAMI of March 11, 2011 were 
natural disasters of a magnitude that shocked the entire world. 
Although triggered by these cataclysmic events, the subsequent 
accident at the Fukushima Daiichi Nuclear Power Plant cannot be 
regarded as a natural disaster. It was a profoundly manmade 
disaster – that could and should have been foreseen and 
prevented. And its effects could have been mitigated by a more 
effective human response. 
 
Our report catalogues a multitude of errors and willful negligence 
that left the Fukushima plant unprepared for the events of March 
11th 2011. For all the extensive detail it provides, what this report 
cannot fully convey – especially to a global audience – is the 
mindset that supported the negligence behind this disaster.  
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2005 

Hurricane Katrina – 23rd to 31st August, 2005 
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2012 

Hurricane Sandy - 22nd to 31st October, 2012 
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Disaster & 

Accident 

Investigation 
 

Rasmussen WASH-1400 

White & Haas Hazards 

Perrow System 

Complexity 

Casti Xness 

 Risk 

Reduction & 

Resilience 

Improvment 
 

Systematic HIT Test 

Severe Shocks/Threats 

Robustness 

Countermeasures 

Contingency 

Quantified 

Risk 

Analysis 
 

Assessment and Analysis 

Event & Fault Tree 

Collective Context Map 

Success Path 

Response Time 

Severe Accidents? 

Urban / Rural 

& Culture of 

Populations 

HIT Test 
X-ness 

SWIFT 

5As 

 
Preparedness? 

Response? 

Relief? 

Recovery? 

Remediation? 

Rehabilitation? 

Sustainability? 

Systematic 

Disaster & 

Accident 

Analysis 

Risk 

Reduction 

Resilience 

Improvement 

Socio-Technical 

Systems 

 

Vulnerability and 

Weaknesses 

 

Structural and 

Non-Structural 

Natural Disasters? 

Petro-Chemical Plants? 

Nuclear Power Reactors? 

Maritime Oil Leak / Spill? 

Aircraft Crash? Etc., 

Earthquake? 

Flood? 

Volcano? 

Drought? 

Fire? Etc., 
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2015 
European Science Foundation (ESF), Group on Earth Observations (GEO), and the 
Geohazard Community of Practice (GHCP); Extreme Geohazards: Reducing the 
Disaster Risk and Increasing Resilience. 
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2015 
European Science Foundation (ESF), Group on Earth Observations (GEO), and the 
Geohazard Community of Practice (GHCP); Extreme Geohazards: Reducing the 
Disaster Risk and Increasing Resilience. 

Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 
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Assessment of Research on Natural Hazards; 
Editors - Gilbert F. White and J. Eugene Haas, 
MIT Press, 1975. 1975 
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Assessment of Research on Natural Hazards; 
Editors - Gilbert F. White and J. Eugene Haas, 
MIT Press, 1975. 1975 
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Assessment of Research on Natural Hazards; 
Editors - Gilbert F. White and J. Eugene Haas, 
MIT Press, 1975. 1975 
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2014 

Public Sector 
$15.2 B 

Industrial & 
Commercial Sector 

$6.5 B 

Residential Sector 
$8.7 B 

Reduced Economic 
Activity 
$26 B 

PRIMARY 
IMPACT 

 
$31 B 

SECONDARY 
IMPACT 

 
$26 B 

Breakdown of Primary and 
Secondary Economic Losses for 
an imagined repeat of the 1906 
San Francisco Earthquake, 
based on 2014 cost projection 
from 1975; using Cochrane, 
White & Haas natural hazard 
analyses. 

PRIMARY + SECONDARY IMPACT = $57 B 
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European Science Foundation (ESF), Group on Earth Observations (GEO), and the 
Geohazard Community of Practice (GHCP); Extreme Geohazards: Reducing the 
Disaster Risk and Increasing Resilience. 

Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 
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Before During After 

Timeline 

Damage ? 

Vulnerability ?  

 
 
 
 
 
 

Coping Cycle 

Event 
Starts 

Event 
Ends 

Preparedness 

Monitoring 

Forewarning ? 

Alarms 

Intervention 

HIT Test and Quantitative Analysis Process 

Evacuation ?  

D-Victims 

Dislocated 

A-Victims 

Facilities Infrastructure Networks Emergent Dangers 

Social Human Economic Political Natural 

Man-Made Natural 

Response 

Recovery 

Reconstruction 

Remediation 

Sustainability 

Rehabilitation 

Structural 

Non-Structural 

Buildings 

Physical 
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

Impact 
Consequence 

Time 
Period 

System 
Damage 

Coping 
Cycle 

Symbolic Event Tree 
• Systematic Evaluation 
• Inductive Reasoning 
• Causal Direction 
• Forward Method 
• Start at Basic Events 
• Hazard and Risk Analysis 
• Single Point Failures 
• Need System Knowledge 
• Need Basic Events 
• Need Conditional Data 
• Complete Causal Tree 

Symbolic Fault Tree 
• Partial-Expert Evaluation 
• Deductive Reasoning 
• Anti-Causal Direction 
• Backward Method 
• Start at System Failure 
• Backwards to Possible Causes 
• Consequence Analysis 
• Don’t Need System Knowledge 
• Don’t Need Basic Events 
• Need Good Sense 
• Limit to Anti-Causal Tree 

Quantitative Evaluation 
Techniques of Complex Systems 
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 

Event 
Tree 
Logic 

Fault 
Tree 
Logic 

Success 
Tree 
Logic 

Fault 
Tree 
Logic 

Key Criteria breakout of the extremeness of accidents and disaster for particular hazards: 

• Impact Consequence: | Victims | Injured | Dislocated | Economic-loss | 
• System Damage: | Buildings | Facilities | Infrastructure | Networks | 
• Time Period:  | Event | -Ve Risk | Lowest | +Ve Resilience | Normal| 
• Coping Cycle:  | Response | Recovery | Reconstruct | Remediate | 
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 

Event 
Tree 
Logic 

Fault 
Tree 
Logic 

Success 
Tree 
Logic 

Fault 
Tree 
Logic 

Groups of Criteria (initial appraisal – to be developed) Range of Hazard Groups (for example) 

Impact Consequence: | Victims | Injured | Dislocated | Economic-loss | Atmospheric: | Wind | Hurricane | Tornado | Rain | 

System Damage: | Buildings | Facilities | Infrastructure | Networks | Seas & Oceans: | Storm Surge | Tsunami | LSL | 

Time Period: | Event  | -Ve Risk | Lowest | +Ve Resilience | Normal | Ground & Land: | Earthquake | Landslide | Land Rise | 

Coping Cycle: | Response | Recovery | Reconstruct | Remediate | Air / Space: | Aircraft Crash |Bolide | Space Debris |  
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 

Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

Event 
Starts 

Event 
Ends 

Greater difficulty to Cope lengthens Time 

Success of Coping depends on: 
• System Damage 

• Coping Cycle 
• Circle of Capacities 

 
 
 
 

Coping Cycle 
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 

Greater difficulty to Cope lengthens Time 

Success of Coping depends on: 
• System Damage 

• Coping Cycle 
• Circle of Capacities 

Before During After Timeline 

 
 
 
 

Coping Cycle 

Poor Resilience 

Good Resilience 
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Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

Event 
Starts 

Range of Hazard Groups 

Atmospheric 

Seas & Oceans 

Ground & Land 

Air / Space 
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System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 

Success of Coping depends on: 
• System Damage 

• Coping Cycle 
• Circle of Capacities 

Greater difficulty to Cope lengthens Time 
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Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

Event 
Starts 

Event 
Ends 

Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

With 
Forewarning Same Damage and Coping 

Event 

Lowest 

-Ve Risk +Ve Resilience 
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Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

With 
Forewarning Severe Damage and Inadequate Coping Capability 

With 
Forewarning 

Comparison with Economic Criteria: 
Less Costly – Less Risk – More Conceptual “Resilience” 

Worsened Impact Consequence: 
Long Term Degrade of “Characteristic Normality” 
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Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

With 
Forewarning Severe Damage and Inadequate Coping Capability 

Worsened Impact Consequence: 
Long Term Degrade of “Characteristic Normality” 

Groups of Criteria (initial appraisal – to be developed) 

Impact Consequence: | Victims | Injured | Dislocated | Economic-loss | 

System Damage: | Buildings | Facilities | Infrastructure | Networks | 

Time Period: | Event | -Ve Risk | Lowest | +Ve Resilience | Normal | 

Coping Cycle: | Response | Recovery | Reconstruct | Remediate | 
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Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

With 
Forewarning Severe Damage and Inadequate Coping Capability 

Worsened Impact Consequence: 
Long Term Degrade of “Characteristic Normality” 

Range of Hazard Groups (for example) 

Atmospheric: | Wind | Hurricane | Tornado | Rain | 

Seas & Oceans: | Storm Surge | Tsunami | LSL | 

Ground & Land: | Earthquake | Landslide | Land Rise | 

Air / Space: | Aircraft Crash |Bolide | Space Debris |  

Combined: | Hurricane + Precipitation + Storm Surge | 
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Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

Range of Hazard Groups (for example) 

Atmospheric: | Wind | Hurricane | Tornado | Rain | 

Seas & Oceans: | Storm Surge | Tsunami | LSL | 

Ground & Land: | Earthquake | Landslide | Land Rise | 

Air / Space: | Aircraft Crash |Bolide | Space Debris |  

Combined: | Hurricane + Precipitation + Storm Surge | 
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Before During After 

Characteristic Normality 

Impact Consequence: 
Loss of Economy 

 
 

-ve £ $ 
Downturn 

Timeline 

With 
Forewarning Severe Damage and Inadequate Coping Capability 

Worsened Impact Consequence: 
Long Term Degrade of “Characteristic Normality” 
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

Impact 
Consequence 

Time 
Period 

Event 
Tree 
Logic 

Fault 
Tree 
Logic 

Success 
Tree 
Logic 

Fault 
Tree 
Logic 

System 
Damage 

Coping 
Cycle 
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

Impact 
Consequence 

Time 
Period 

System 
Damage 

Coping 
Cycle 

Symbolic Fault Tree 
• Partial-Expert Evaluation 
• Deductive Reasoning 
• Anti-Causal Direction 
• Backward Method 
• Start at System Failure 
• Backwards to Possible Causes 
• Consequence Analysis 
• Don’t Need System Knowledge 
• Don’t Need Basic Events 
• Need Good Sense 
• Limit to Anti-Causal Tree 
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Success of Coping 

AND 

[-Ve] System Damage Coping Cycle + + Circle of Capacities 

Structural Factors Non-Structural Factors 

What has Failed and is 
Broken 

Society’s Resource for 
Resilience 

Process for “Coming Back” 
to Normality 

Damage ? 

Vulnerability ?  HIT Test and Quantitative Analysis Process 

Facilities Infrastructure Networks Emergent Dangers 

Social Human Economic Political Natural 

Man-Made Natural 

Structural 

Non-Structural 

Buildings 

Physical 

ODU 2015: Resilient Region Reality Check: Rising Above the Waters 



50   50   

Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 

Greater difficulty to Cope lengthens Time 

Success of Coping depends on: 
• System Damage 

• Coping Cycle 
• Circle of Capacities 

Success of Coping 

AND 

[-Ve] System Damage Coping Cycle + + Circle of Capacities 

Structural Factors Non-Structural Factors 

What has Failed and is 
Broken 

Society’s Resource for 
Resilience 

Process for “Coming Back” 
to Normality 
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Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 

System 
Damage 

Impact 
Consequence 

Coping 
Cycle 

Time 
Period 

Greater difficulty to Cope lengthens Time 

Success of Coping depends on: 
• System Damage 

• Coping Cycle 
• Circle of Capacities 

Success of Coping 

AND 

[-Ve] System Damage Coping Cycle + + Circle of Capacities 
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Success of Coping 

AND 

+ + 

Facilities OK 

Infrastructure OK 

Networks OK 

No Other Dangers 

[-Ve] System Damage 

Buildings OK 

Recovery 

Reconstruction 

Remediation 

Rehabilitation 

Sustainability 

Human 

Economic 

Political 

Physical 

Natural 

Coping Cycle 

Response 

Circle of Capacities 

Social 

Structural Factors Non-Structural Factors 
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Success of Coping 

AND 

Facilities OK 

Infrastructure OK 

Networks OK 

No Other Dangers 

Economic Fabric 

Buildings OK 

Human 

Economic 

Political 

Physical 

Natural 

Circle of Capacities 

Social 

AND 

System {or “City”} Characteristic 

Recovery 

Reconstruction 

Remediation 

Rehabilitation 

Sustainability 

Coping Cycle 

Response 
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Coping 
Cycle 

System 
Damage 
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Root Causes 
Dynamic 
Pressures 

Fragile 
Livelihoods 

Hazards 
Unsafe 
Locations 

The Progression of Vulnerability of a Socio-Technical System 
[Wisner et al. 2004] 

“Risk” 

Vulnerability 
x 

Hazard 

Risk Coping Capacity - Strategy, Capability & Scale 
 

Physical Fabric: 
• Robustness of infrastructure, facilities, safe housing and shelter 
• Emergency services and countermeasures 
• Availability of essential services and supplies network 
• Availability of communications and monitoring equipment 
• Availability of adequacy of potable water and food to cope 

Societal-People Tapestry: 
• Decision-making power, agreements and overall wisdom 
• Strength, knowledge and skills to face hazards 
• Solidarity, cohesiveness and shear gumption 
• Adequate finances to cope with crises and losses 
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The Routledge Handbook of Hazards and Disaster Risk Reduction; 
Editors – Ben Wiser, J.C. Gaillard and Ilan Kelman, 
Routledge, 2012. 2012 
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Basis of a 

System 

Characteristics 

Normal 

Accident 

Theory (NAT) * 

* Perrow, C; 1984 Normal Accidents, Basic Books, New York.  

ODU 2015: Resilient Region Reality Check: Rising Above the Waters 



58   58   

 

How good is 

the existing 

Coping 

Strategy 

? 

Capacity 

Adaptability 

Tolerance Margin 

Damage 
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2014 
Technical Innovation in Nuclear Civil Engineering (TINCE); 
Paul C. Smith, Paris, 2014. 
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Arup IRSA, Paul C. Smith. 

Capacity 

Tolerance Margin 

Damage 

E: Equipment 

F: Facilities 

I: Infrastructure 

P: People 

L: Logistics 

C: Communications 

D: Documentation 

A: Agreements 

Coping 
Strategy 

Coping System-
Architecture 

L 

Adaptability 

C 

I 
P F 

A D 

E 

{ HIT 

Severe Shock 
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Disasters 

Accidents Event Xness 

Conditions & 
Impact 

Resilience 

Scenario
s 

Coping 
Strategy 

Capacity 

Adaptability 

Tolerance Margin 

Damage 

C 

I 

P F 

A D 

E 

 
Coping 

Capability & 
Preparedness 

Coping 
System-

Architecture 

E Equipment 

F Facilities 

I Infrastructure 

P People 

L Logistics 

C Communications 

D Documentation 

A Agreements 

Intrinsic Coping 

Populous & 

Demography 

Socio-

Technical 

Response & 
Recovery 

L 

Accident 
/Disaster 

Risk 
Reduction 
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Arup IRSA, Paul C. Smith. 
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Arup IRSA, Paul C. Smith. 
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2014 
Technical Innovation in Nuclear Civil Engineering (TINCE); 
Paul C. Smith, Paris, 2014. 
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Arup IRSA, Paul C. Smith. 
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Arup IRSA, Paul C. Smith. 

ODU 2015: Resilient Region Reality Check: Rising Above the Waters 



67   67   

2014 
Technical Innovation in Nuclear Civil Engineering (TINCE); 
Paul C. Smith, Paris, 2014. 
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2014 
Technical Innovation in Nuclear Civil Engineering (TINCE); 
Paul C. Smith, Paris, 2014. 
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Arup IRSA, Paul C. Smith. 

More Extreme the Hazardous Event 
 

Extreme’ness, or Xness 
 

Advocated by Casti 2012 

Xness ~ dE/E (1 – (U/[U+I]) Casti 2012 

 
 

dE 
Extreme Event Impact Loss. 
Impact loss consequences caused by the extreme event. 

 

E 
Normal Characteristic Loss. 
Regular normality of losses characteristic for the region’s 
particular demography and societal conditions. 
 

U 
Extreme Event Period. 
Period of the extreme event whether Hurricane, Tornado, 
Earthquake, Drought etc., 
 

I 
Resulting Impact Period. 
Impact period resulting from the extreme event extending in 
time until a new sustained normality can be achieved. 
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Arup IRSA, Paul C. Smith. 

Impact Xness 
dE/E (1 – (U/[U+I]) Casti 2012 

Coping Criteria 

Characteristic Normality 

Range of 
Failure to 

Cope 

Poor 
Coping 

Good 
Coping 
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Arup IRSA, Paul C. Smith. 

Impact Xness 
dE/E (1 – (U/[U+I]) Casti 2012 

Coping Criteria 

Characteristic Normality 

Range of 
Failure to 

Cope 

Poor 
Coping 

Good 
Coping 
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Arup IRSA, Paul C. Smith. 

Impact Xness 
dE/E (1 – (U/[U+I]) Casti 2012 

Coping Criteria 

Characteristic Normality 

Poor 
Coping 

Good 
Coping 
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2014 
Technical Innovation in Nuclear Civil Engineering (TINCE); 
Paul C. Smith, Paris, 2014. 
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End 



Thank You 


