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INTRODUCTION: Terminology



Extreme Events: 
• Extinction Level Events: more than a quarter of all life on Earth is killed and major species  
  extinction takes place. 
• Global Catastrophes: more than a quarter of the world human population dies and that place  
   civilization in serious risk. 
• Global Disasters: global-scale events in which a few percent of the population die.  
• Major Disasters: disasters exceeding $100 Billion in damage and/or causing more than  
  10,000 fatalities.  
                                                                                                   Modified from Hempsell (2004)    
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The problems: 
- knowledge of rare events is limited 
- know better the “why” and “how” but not the “when” 
- probability is difficult to assess

INTRODUCTION: Extreme (Geo)Hazards

- risk assessment is challenged 
Poisson distribution; Chance that one or more  
“1 in N years” events occur in a century:
Assessing impacts: X-ness (Casti, 2012): 

X:   X-ness 
δE: Impacted ensemble (population, GDP, ...) 
U:   Unfolding time 
I:    Impact time 
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GEOHAZARDS
Occurrences

DeathDamage

Affected International Disaster Database

Ratio of Death/Affected

Without Extr. Temp.

  http://www.emdat.be/advanced search/.





GEOHAZARDS: Earthquakes



GEOHAZARDS: Volcanic Eruptions



GEOHAZARDS: Volcanic Eruptions



GEOHAZARDS: Volcanic Eruptions

M = log10(m) - 7.0



GEOHAZARDS: Volcanic Eruptions



GEOHAZARDS: Volcanic Eruptions



1 in 45,000 years to 
1 in 720,000 years 

event  
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GEOHAZARDS: Volcanic Eruptions
VEI 8 / M 8:  
- 1.4 events/Ma to 22 events/Ma 
- largest, high-intensity terrestrial phenomena

VEI 7 / M 7:  
- on timescales of ~100 ka, M7-M8 eruptions greater energy release than the largest expected impactors 
- M7 are relatively frequent ...

VEI 7 / M 7:  
- at least seven events in the  
  Holocene 
- ~5% - 10% chance that this will   
  happen in the 21st century 
- Will have very different impact    
  than previously
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Cost-Benefit Analysis

Impacts: 
- ash layer, several million square kilometers 
- destroying one or two seasons of crops for two billion people 
- reducing global temperature by 5-15oC 
- substantial physical damage to infrastructure  

Death comparable to other global disasters: 
- 1918 Spanish flu: 3% - 5% of global population    

We assume:  
- 10% of global population is killed if volcano eruption comes as a surprise 
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- U.S. citizen should be willing to spend $910 to eliminate a 1 in 10,000 risk of fatality

- Global VSL: $2.22 million 
- Average person should be willing to pay $0.16 to $1.0 per year to eliminate the risk.

Toba-type eruption: 1 in 45,000 to 714,000 years: 
Probability of M8 or larger in any given year: between 2.2 · 10−5 and 1.4 · 10−6 that a M8

Global population over 7 billion: $1.1 to $7 billion/year.

2014 USGS Budget: $24.7 million for volcano monitoring 
Same level globally: $370 million 

Benefit to Cost ratio > 1.5 to 10!

Eliminating half of the risk is worth $0.5 to $3.5 billion/year.

Cost-Benefit Analysis

Details will not change the main conclusion: 
- Spending on the order of $1 Billion/year on risk reduction 
for major volcanic eruptions makes economically sense 
based on standard cost-benefit analysis  
- Would have many positive side effects not considered

Fatalities 10%: 
Probability of a random person dying in any particular year: 2.2 · 10−6 and 1.4 · 10−7.



Conclusions and Recommendations



Conclusions and Recommendations

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.



Conclusions and Recommendations

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 
(1) Risk assessment and risk awareness: 
- Frequent review of global risk knowledge with IPCC-like process

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 
(1) Risk assessment and risk awareness: 
- Frequent review of global risk knowledge with IPCC-like process

World Economic Forum 

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 
(1) Risk assessment and risk awareness: 
- Frequent review of global risk knowledge with IPCC-like process

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.

(2) Early Warning (EW): 
- core element: elaborate, comprehensive volcano observation system; 
- cost-benefit analysis: should be willing to spend > $1 B/year; 
- Group on Earth Observations’ (GEO) Geohazards Community of Practice is reviewing observation  
  requirements



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 
(1) Risk assessment and risk awareness: 
- Frequent review of global risk knowledge with IPCC-like process

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.

(2) Early Warning (EW): 
- core element: elaborate, comprehensive volcano observation system; 
- cost-benefit analysis: should be willing to spend > $1 B/year; 
- Group on Earth Observations’ (GEO) Geohazards Community of Practice is reviewing observation  
  requirements



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 
(1) Risk assessment and risk awareness: 
- Frequent review of global risk knowledge with IPCC-like process

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.

(2) Early Warning (EW): 
- core element: elaborate, comprehensive volcano observation system; 
- cost-benefit analysis: should be willing to spend > $1 B/year; 
- Group on Earth Observations’ (GEO) Geohazards Community of Practice is reviewing observation  
  requirements



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 
(1) Risk assessment and risk awareness: 
- Frequent review of global risk knowledge with IPCC-like process

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.

(2) Early Warning (EW): 
- core element: elaborate, comprehensive volcano observation system; 
- cost-benefit analysis: should be willing to spend > $1 B/year; 
- Group on Earth Observations’ (GEO) Geohazards Community of Practice is reviewing observation  
  requirements

(3) Response to Early Warning:  
- dedicate research to understand societal response to EWs on time scales of years  
  also important for EWs of abrupt climate change impacts



Conclusions and Recommendations

Steps towards risk reduction and increased resilience: 
(1) Risk assessment and risk awareness: 
- Frequent review of global risk knowledge with IPCC-like process

The largest volcano eruptions of the Holocene (1 in 1000 years events):  
- today would threaten an already stressed food security 
- challenge the crucial global transportation network  
- could easily lead to a global catastrophe.

Global Simulation Experiment for Tambora/Laki Type of Eruption to better 
understand interdependencies, cascading effects, and response 

Chance of a major eruption
- severe implications for food security, public health, transportation, global economy and stability.
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Post-Hyogo Framework of Action

Post-2015 
- Improve monitoring that could provide early warning for emerging global risks 
- Establish an International/Intergovernmental Panel for Global Risk (IPGR) 
- Develop a convention/body for global risks to act before the hazard 

Conclusions and Recommendations

Integrate (general) Resilience and Disaster Risk Reduction ==> 
RDRR
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Being out of scale: Human energy use makes each human equivalent to two elephants
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14 Billion elephants:  a heavy “load’ for Earth
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