
Class 26: Final Exam Preparation and Past and Present Climate Change 
(Continued) 

Natural Hazards and Disaster



Final Exam Preparation
General Questions: 
• Disaster risk management and governance: Hazard, Disaster, Risk, Probability, Resilience, Efforts 

being made (classes 1 and 2, Lab class 7)  
• Types and subtypes of natural hazards and main characteristics (class 1);  
• Extreme hazards and comparison of extreme natural hazards (classes 8, 10, 13, 17); Managing risk 

(class 10) 
• Important: Distinction of hazards and disasters and the processes that can lead from a hazard 

occurrence to a disaster; human impact on these processes (throughout all classes) 
• Human impacts on the spectrum of natural hazards and the processes that lead to disasters (classes 

17 and 18, last few classes 24-26)

more …
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Four specific examples: 
• April 6, 2009 L’Aquila Earthquake (class 8) 
• Comparison of Hurricane Katrina and Typhoon Haiyan (class 20) 
• The 1974 Super Outbreak of Tornados (class 22)  
• Holocene and Post-Holocene: Leaving the Safe-Operating Space for Humanity (classes 24 - 26)

Questions will relate to:  
• the hazard: general description of the type, the specific event; 
• the disaster: extent of damage and lives lost; 
• cascading impacts, if any; 
• the specific reasons for the extent of the disaster (what led to the disaster?); 
• particulars of the risk management cycle, in particular: risk assessment prior to the event, early 

warning; hazard mitigation, if any; impact mitigation, and recovery;

Final Exam Preparation



Cases
Apr. 6, 2009, L’Aquila M 6.1, I=VIII, Depth 9.5 km 
Deaths 309, Damage $16 billion
The L'Aquila earthquake occurred in the 
region of Abruzzo, in central Italy. The 
epicentre near L'Aquila, the capital of 
Abruzzo, which together with surrounding 
villages suffered most damage. There 
were several thousand foreshocks and 
aftershocks since December 2008, more 
than thirty of which had magnitude 
greater than 3.5. 309 people are known 
to have died, making this the deadliest 
earthquake to hit Italy since the 1980 
Irpinia earthquake.  

Earthquake



Cases
Apr. 6, 2009, L’Aquila M 6.1, I=VIII, Depth 9.5 km 
Deaths 309, Damage $16 billion

Criticism was applied to poor building 
standards that led to the failure of 
many modern buildings in a known 
earthquake zone: an official at Italy's 
Civil Protection Agency, Franco 
Barberi, said that "in California, an 
earthquake like this one would not 
have killed a single person".

Earthquake
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Cases
Apr. 6, 2009, L’Aquila M 6.1, I=VIII, Depth 9.5 km 
Deaths 309, Damage $16 billion

(Chiaraluce et al., 2011)
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Cases
Apr. 6, 2009, L’Aquila M 6.1, I=VIII, Depth 9.5 km 
Deaths 309, Damage $16 billion

Before the Earthquake: 
• The rate of earthquake production increased on March 30th 2009 after a ML 4.1 earthquake that struck the L’Aquila area 
• Preoccupation and panic in population raised 
• After a prediction broadcasted by Giuliani, vans mounted with loudspeakers blare warnings to Sulmona residents to flee. 

Many people do. No earthquake occurs in the prediction window. 
• On March 31st the Italian Civil Protection organize in L’Aquila a meeting of the Commissione Grandi Rischi (Major Risks 

Committee), an expert group that advises the Civil Protection agency on the risks of natural disasters 
• Immediately after that meeting, De Bernardinis and Barberi, acting president of the committee, held a press conference in 

L’Aquila, where De Bernardinis told reporters that “the scientific community tells us there is no danger, because 
there is an ongoing discharge of energy. The situation looks favorable”.

Earthquake
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Deaths 309, Damage $16 billion

Before the Earthquake: 
• The rate of earthquake production increased on March 30th 2009 after a ML 4.1 earthquake that struck the L’Aquila area 
• Preoccupation and panic in population raised 
• After a prediction broadcasted by Giuliani, vans mounted with loudspeakers blare warnings to Sulmona residents to flee. 

Many people do. No earthquake occurs in the prediction window. 
• On March 31st the Italian Civil Protection organize in L’Aquila a meeting of the Commissione Grandi Rischi (Major Risks 

Committee), an expert group that advises the Civil Protection agency on the risks of natural disasters 
• Immediately after that meeting, De Bernardinis and Barberi, acting president of the committee, held a press conference in 

L’Aquila, where De Bernardinis told reporters that “the scientific community tells us there is no danger, because 
there is an ongoing discharge of energy. The situation looks favorable”.

In a subsequent inquiry of the handling of the disaster, seven members of the Italian National Commission for the 
Forecast and Prevention of Major Risks were accused of giving "inexact, incomplete and contradictory" information 
about the danger of the tremors prior to the main quake. On 22 October 2012, six scientists and one ex-government 
official were convicted of multiple manslaughter for downplaying the likelihood of a major earthquake six days before it 
took place. They were each sentenced to six years' imprisonment. On 10 November 2014, the scientists convicted of 
manslaughter for failing to predict the deadly earthquake have had the verdict overturned. 

Earthquake
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Comparison of Katrina and Haiyan

Hurricane



The 1974 Super Outbreak 

A Super Outbreak is one in which there is an exceptional 
number of tornadoes in one day. 

Although the April 2011 Super Outbreak now holds the 
record for the most tornadoes generated in a 24-hour 
period, a Super Outbreak in 1974 still holds the record for 
the total number of EF3 and higher-rated tornadoes, and 
April 3, 1974 holds the record for the number of severe EF4 
and EF5 tornadoes in one 18-hour period. Of the 148 
tornadoes that occurred across 13 states on April 3 and 4, 
1974, on a path covering 4,000 km from Alabama to the 
Great Lakes region, 23 were EF4 and 7 were EF5 
tornadoes. By the time the storm system had dissipated, 
almost 5,500 people had been injured and 330 killed, with 
northern Alabama suffering the worst number of fatalities. 
An excellent summary of the 1974 Super Outbreak is 
available at  
https://en.wikipedia.org/wiki/1974_Super_Outbreak.

Annual count of EF3 and 
higher tornado touchdowns 
in the U.S.A. from 1954 to 
2014.

Tornado touchdowns in the eastern U.S.A. on April 3, 1974. 
Left: Number/color indicates EF rating. Right: Tornado 
tracks for April 3 and 4, 1974: blue = EF3; magenta = EF4; 
red = EF5.

Cases Tornado
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Rockstrom and Klum, 2015

The Holocene was a “safe operating space for humanity”
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The Holocene was a “safe operating space for humanity”

https://www.youtube.com/watch?v=gPq9YAg9mfc&feature=youtu.be

Current extinction rates: 
     300 times background rate for birds 
80,000 times background rate for mammals   
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The Holocene was a “safe operating space for humanity”
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The Holocene was a “safe operating space for humanity”

Systemic changes in land use 
(> 50% of ice-free land 
surface has been changed) 
and mass cycles leads to a 
shift in the system’s state 
(including mass extinction, 
coastal deadzones, climate 
change, …) 
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Climate change and sea level 
rise are symptoms, not the 
cause, not the “sickness.”
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Climate change and sea level 
rise are symptoms, not the 
cause, not the “sickness.”

The Holocene was a “safe operating space for humanity”

Can we maintain a safe (and 
just) operating space?

Systemic changes in land use 
(> 50% of ice-free land 
surface has been changed) 
and mass cycles leads to a 
shift in the system’s state 
(including mass extinction, 
coastal deadzones, climate 
change, …) 

Cases Changes



“Current State”

“Normal Range” 
(800,000 years)

Cases
Holocene and Post-Holocene: Leaving the Safe-Operating Space for Humanity
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Class 26: Past and Present Climate Change (Continued) 
•The Baseline: Past Climate Changes 
•The Syndrome: Recent Climate and Global Change 
•The Diagnosis: Leaving the “Safe Operating Space” 
•The Prognosis: Journey Into the Unknown 
•The Therapy: “Lifestyle” changes 
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Two points to make: 
•How should we present the prognosis? 
•How solid is our knowledge of current and future trends?

The Prognosis: Journey Into the Unknown
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Marcott et al., 2013
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<--Holocene--->

<--Post-Holocene 
Presenting the Prognosis

The Prognosis: Journey Into the Unknown

Potential for many surprises 
Many discoveries in the last 15 years have changed our knowledge
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What are the  
Impacts of   
Climate Change?
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What are the  
Impacts of   
Climate Change?
... and there is more: 
- health 
- supply chains 
- mass extinction 
- water security 
- food security 
- migration 
- social unrest 
...

The Prognosis: Journey Into the Unknown
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Exploring the Future: Modeling and Simulation
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During the Holocene, climate and sea level were exceptionally stable
The Holocene was a “safe operating space for humanity”

Key Points

During the last hundred years, humanity has introduced rapid and large changes  
The system is outside the “normal range” and in the dynamic transition into the Post-
Holocene; we have increasing disequilibrium

Baseline

Syndrome

Diagnosis
Easy access to seemingly unlimited energy allowed humans to accelerate flows in the 
Earth’s life-support system and sustain rapid population growth and increasing demands
Humans are the “Anthropogenic Cataclysmic Virus” (ACV) in the Earth’s life-support system
Prognosis
We are heading rapidly into a very different system state (thresholds; Post-Holocene)
Our knowledge is changing rapidly; there is room for surprises; Foresight is needed
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Bloomberg Businessweek:  
Putting the possible natural and human causes of climate change alongside one 
another makes the dominant role of greenhouse gases even more plainly visible.  

The only real question is: What are we going to do about it?
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Bloomberg Businessweek:  
Putting the possible natural and human causes of climate change alongside one 
another makes the dominant role of greenhouse gases even more plainly visible.  

The only real question is: What are we going to do about it?

Therapy:
- Short-term: addressing urgent (local) problems 
- long-term: preparing for worse/the worst case
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Published in 1776

The Therapy: “Life-Style” Changes



The current mainstream model of the global economy is 
based on a number of assumptions about the way the world 
works, what the economy is, and what the economy is for. 
These assumptions arose in an earlier period, when the world 
was relatively empty of humans and their artifacts. Built capital 
was the limiting factor, while natural capital was abundant. It 
made sense not to worry too much about environmental 
“externalities,” since they could be assumed to be relatively 
small and ultimately solvable. It also made sense to focus on 
the growth of the market economy, as measured by gross 
domestic product (GDP), as a primary means to improve 
human welfare. And it made sense to think of the economy as 
only marketed goods and services and to think of the goal as 
increasing the amount of these that were produced and 
consumed. 

The Worldwatch Institute. State of the World 2013: Is 
Sustainability Still Possible? (Kindle Locations 2921-2927). 
Island Press. Kindle Edition. 

Published in 1776
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Everything is about Flow
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Earth: Our Life-Support System

Everything is about Flow

Economy is between us and the  
Life-Support System

How did we get here?
Adam Smith et al.: Purpose of economy is to 
create human wealth
Today: Purpose of economy is growth

Flows are regulated by ethical and social 
norms and economic rules 

ETHICS, MORALITY

The Therapy: “Life-Style” Changes



The Therapy: “Life-Style” Changes



The Therapy: “Life-Style” Changes



95% in extreme poverty
Adam Smith:
The purpose of economy is 
to create human wealth.

The Therapy: “Life-Style” Changes



1950 Syndrome95% in extreme poverty
Adam Smith:
The purpose of economy is 
to create human wealth.

The Therapy: “Life-Style” Changes



Humanity has been extremely successful as a species on this planet in changing the planet

1950 Syndrome95% in extreme poverty
Adam Smith:
The purpose of economy is 
to create human wealth.

The Therapy: “Life-Style” Changes



We are the operators of Earth’s life-support system
Humanity has been extremely successful as a species on this planet in changing the planet
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We are rapidly reengineering the planet without a clear strategy, a design consideration, a plan
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We are heading for a planet without other large 
mammals - only sapiens left.
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We are rapidly reengineering the planet without a clear strategy, a design consideration, a plan

We are heading for a planet without other large 
mammals - only sapiens left.

https://www.youtube.com/watch?v=gPq9YAg9mfc&feature=youtu.be

“We are the 
Asteroid”
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We are the operators of Earth’s life-support system


