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Can the “virus” transform itself into the “healer”?
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The Diagnosis: Degrading the Earth’s Life-Support System

Our connection to the ELSS is Economy
 Everything is about Flow - we have increased many flows

Earth is an “undiagnosed Patient”

Flows in the ELSS allow us to assess the “Health 
of the Planet” and to diagnose the “patient”



Role of Economy
The Diagnosis: Degrading the Earth’s Life-Support System



Role of Economy

World Extraction of Non-Renewable Materials

The Diagnosis: Degrading the Earth’s Life-Support System



Role of Economy

World Extraction of Non-Renewable Materials

In 2008, people around the world used 
68 billion tons of materials, including 
metals and minerals, fossil fuels, and 
biomass. That is an average of 10 tons 
per person— or 27 kilograms each and 
every day. That same year, humanity 
used the biocapacity of 1.5 planets, 
consuming far beyond what the Earth 
can sustainably provide. 

Assadourian, 2013
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Role of Economy

The urban population in the developing 
world will double by 2030. The 
implications are staggering. One is that we 
have 20 years to build as much urban 
housing as was built in the past 6,000. 
Reinhard Goethert, School of Architecture 
and Planning, MIT, 2010. 
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If Ecological Footprint calculations are even roughly 
accurate, humanity is currently consuming the 
ecological capacity of 1.5 Earths. That suggests that 
no more than 4.7 billion people could live within the 
planet’s ecological boundaries without substantially 
reducing average individual consumption.
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If Ecological Footprint calculations are even roughly 
accurate, humanity is currently consuming the 
ecological capacity of 1.5 Earths. That suggests that 
no more than 4.7 billion people could live within the 
planet’s ecological boundaries without substantially 
reducing average individual consumption.

Lovelock (and many others):  
- Planet is on a run-away 

path; could reach a warm 
state (5oC warmer) already 
in 2050 

- Carrying capacity of the 
planet would be reduced 
to 1 Billion 

- Recommendation: look for 
the lifeboats
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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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Increasing the flows 
became the sole means of 

economy to create 
“built” (human wealth



Raworth, 2013
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Raworth, 2013

Women carry out 70% of the global work hours 
but they only earn 10% of the global salary
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What, then, is the biggest source of stress on planetary boundaries 
today? It is the excessive consumption levels of roughly the 
wealthiest 10 percent of people in the world and the resource-
intensive production patterns of companies producing the goods 
and services that they buy. The richest 10 percent of people in the 
world hold 57 percent of global income. Just 11 percent of the 
global population generates about half of global CO2 emissions. 
And one third of the world’s “sustainable budget” for reactive 
nitrogen use is used to produce meat for people in the European 
Union, just 7 percent of the world’s population. 

Raworth, 2013 
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Wealth Distribution: 
Top 1%: 
2000 49.6% 
2009 45.4% 
2016 50.8%

Top 5%: 
2000 77.2% 
2009 73.7% 
2016 77.7%

Top 10%: 
2000 89.4% 
2009 86.5% 
2016 89.1%
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“Sustainable Development is a development 
that meets the needs of the present while 
safeguarding Earth's life-support system, on 
which the welfare of current and future 
generations depends.” 
                                         Griggs et al., 2013
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“Sustainable Development is a development 
that meets the needs of the present while 
safeguarding Earth's life-support system, on 
which the welfare of current and future 
generations depends.” 
                                         Griggs et al., 2013
Currently: 
An Economy that meets the needs of the 
present while destroying the Earth's life-
support system, on which the welfare of 
current and future generations depends. 

What is needed: 
An Economy that meets the needs of the 
present while safeguarding the Earth's life-
support system, on which the welfare of 
current and future generations depends. 
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Role of Economy



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 (ELSS) and sustain rapid population, growth and increasing demands
There is a significant degradation of the ELSS: Humans are the “Anthropogenic Cataclysmic 
Virus” (ACV) in the ELSS with one goal: Increasing human wealth
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Complexity - from the Latin word “com”, which means “together” and “plex”, 
which means “woven”.  

“It describes the behaviour of a system or model whose components interact 
in multiple ways and follow local rules, meaning there is no reasonable 
higher instruction to define the various possible interactions. … A complex 
system is … characterised by its inter-dependencies”

Wikipedia, https://en.wikipedia.org/wiki/Complexity
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Complexity - from the Latin word “com”, which means “together” and “plex”, 
which means “woven”.  

“It describes the behaviour of a system or model whose components interact 
in multiple ways and follow local rules, meaning there is no reasonable 
higher instruction to define the various possible interactions. … A complex 
system is … characterised by its inter-dependencies”

Wikipedia, https://en.wikipedia.org/wiki/Complexity
The complexity of a physical system or a dynamical process expresses the 
degree to which components engage in organized structured interactions. High 
complexity is achieved in systems that exhibit a mixture of order and disorder 
(randomness and regularity) and that have a high capacity to generate 
emergent phenomena. 

Olaf Sporns (2007), Scholarpedia, 2(10):1623.

Complex System Thinking

https://en.wikipedia.org/wiki/Model_(disambiguation)
https://en.wikipedia.org/wiki/Complexity
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http://millenniumassessment.org/en/index.html
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As the overall terrestrial sink is constrained, a larger 
net flux as a result of land-use change implies that 
terrestrial uptake of CO2 is also larger, and that 
terrestrial ecosystems might have greater potential 
to sequester carbon in the future. Consequently, 
reforestation projects and efforts to avoid further 
deforestation could represent important mitigation 
pathways, with co-benefits for biodiversity. It is 
unclear whether a larger land carbon sink can be 
reconciled with our current understanding of 
terrestrial carbon cycling. 
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http://www.nytimes.com/interactive/2015/11/23/world/carbon-pledges.html?ref=world&_r=0
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THE GLOBAL CHALLENGES FOUNDATION works to raise 
awareness of the Global Catastrophic Risks. Primarily 
focused on climate change, other environmental degradation 
and politically motivated violence as well as how these 
threats are linked to poverty and rapid population growth. 
Against this background, the Foundation also works to both 
identify and stimulate the development of good proposals for 
a management model – a global governance – able to 
decrease – and at best eliminate – these risks. 

THE GLOBAL PRIORITIES PROJECT helps decision-makers 
effectively prioritise ways to do good. We achieve his both by 
advising decision-makers on programme evaluation 
methodology and by encouraging specific policies. We are a 
collaboration between the Centre for Effective Altruism and 
the Future of Humanity Institute, part of the University of 
Oxford.
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Reducing risk: Expert advice and 
citizen action. Technology continues to 
outpace humanity’s capacity to control it, 
even as many citizens lose faith in the 
institutions upon which they must rely to 
make scientific innovation work for rather 
than against them. Expert advice is 
crucial if governments are to effectively 
deal with complex global threats. The 
Science and Security Board is extremely 
concerned about the willingness of 
governments around the world— 
including the incoming US administration
—to ignore or discount sound science 
and considered expertise during their 
decision-making processes.
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citizen action. Technology continues to 
outpace humanity’s capacity to control it, 
even as many citizens lose faith in the 
institutions upon which they must rely to 
make scientific innovation work for rather 
than against them. Expert advice is 
crucial if governments are to effectively 
deal with complex global threats. The 
Science and Security Board is extremely 
concerned about the willingness of 
governments around the world— 
including the incoming US administration
—to ignore or discount sound science 
and considered expertise during their 
decision-making processes.

By KATIE REILLY Updated: January 25, 2018 10:29 AM ET 
The Bulletin of the Atomic Scientists moved the doomsday 
clock closer to midnight on Thursday morning, warning the 
world that it is as close to catastrophe in 2018 as it has ever 
been. 
Scientists cited growing nuclear threats, climate change and a 
lack of trust in political institutions as they set the doomsday 
clock at two minutes to midnight — 30 seconds closer than it 
was last year. 
“The world is not only more dangerous now than it was a year 
ago; it is as threatening as it has been since World War II,” 
Lawrence Krauss and Robert Rosner of the Bulletin of the 
Atomic Scientists wrote in a Washington Post column on 
Thursday, referencing President Trump’s repeated threats of 
war against North Korean leader Kim Jong Un, as well as his 
reversal of the Obama Administration’s efforts to stop climate 
change. 

Time, January 25, 2018 
https://clock.thebulletin.org

http://time.com/author/katie-reilly/
https://clock.thebulletin.org/
http://time.com/4650303/doomsday-clock-nuclear-war-donald-trump/
http://time.com/4650303/doomsday-clock-nuclear-war-donald-trump/
https://www.washingtonpost.com/opinions/were-as-close-to-doomsday-today-as-we-were-during-the-cold-war/2018/01/25/181ae8aa-0145-11e8-8acf-ad2991367d9d_story.html?utm_term=.a504b7a1cfd8
http://time.com/5085979/donald-trump-nuke-button-nuclear-north-korea/
http://time.com/5046539/trump-begging-for-nuclear-war/
http://time.com/5066682/global-climate-change-plan/
http://time.com/5066682/global-climate-change-plan/
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      - scenario-based modeling and simulations: model validation, ensembles, selection of  
        scenarios, not predictions 
- risk assessments: 

      - risk perception and biases, comprehensiveness  
      - based on past system behavior 
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Example: Mid-Pliocene, 3.3 to 3.0 Million Years ago 
Temperature: ~1 - 2 oC higher 
Sea level:  
- global average on the order of 10 m higher than today 
- regionally 5 to 40 m higher; 
- most likely, much stronger storms due to larger 

temperature difference between tropics and polar 
regions 
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Example: Mid-Pliocene, 3.3 to 3.0 Million Years ago 
Temperature: ~1 - 2 oC higher 
Sea level:  
- global average on the order of 10 m higher than today 
- regionally 5 to 40 m higher; 
- most likely, much stronger storms due to larger 

temperature difference between tropics and polar 
regions 

Our Commitment: The “~400 ppm CO2 World”:Hansen et al., 2016: “… Evidence … that 2oC global warming is 
highly dangerous.”

Prognosis
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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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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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Therapy:
• Short-term:  

        - addressing urgent (local) problems: symptoms like climate change, sea-level rise,  
          pollution, ecosystem degradation, extinction, …   
• Long-term:  

        - preparing for possible future, including worse/the worst case 
        - making fundamental changes to address the causes/sickness
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Core question: 
What is our relationship to the planet? 
- Operator? 
- Owner? 
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- ?

Native American proverb: 
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fathers, we are borrowing it from our children.” 

Engelman, 2013
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Can we discount the future for the benefit of the present?
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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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Society exploits 
ELSS to create 
human wealth Society fights 

about distribution 
of wealth

Everything is about Flow

A growth-addicted economy requires 
continuous increase of flows

Today: Purpose of economy is growth

Flows are regulated by ethical and social 
norms and economic rules 
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This is at the base of the single-species 
high-energy pulse humanity has caused
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95% in extreme poverty
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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.
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Sustainability and Economy
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. (See Table 11– 1.) 
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.  

Costanza et al., 2013
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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. (See Table 11– 1.) 
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.  

Costanza et al., 2013

Primary goal is economic growth, 
primary measure Gross Domestic 

Product (GDP) 
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Sustainability and Economy
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. (See Table 11– 1.) 
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.  

Costanza et al., 2013

Our economic model is at war with life on Earth. We can’t change the laws of nature, but we can 
change our broken economy. And that’s why climate change isn’t just a disaster. It’s also our best 
chance to demand—and build—a better world. Change or be changed. But make no mistake… this 
changes everything. 
                                                                                                                    Naomi Klein, 2013
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An economy that damages the Earth’s life-support 
system is an “economy against humanity”

An economy that meets our needs by degrading 
Earth’s life-support system is like a doctor who 

practices medicine by making the patients sick.

Our task: enabling a transition to an  
“economy for humanity” 

“An economy that meets our needs while 
safeguarding Earth’s life-support system, on 

which the welfare of current and future 
generations depends.”

Enabling prosperity, security:  
 - without degradation of the Earth’s life-support system 
 - without growth 
 - with more equality 
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Geoffrey West: 
•If k > 0, growth will eventually 

exceed the capacity of the system to 
sustain the growth.  

•To change this, offsets are needed, 
i.e., innovation.  

•Innovations have to come at 
increasing speed 

•

The Therapy 



Geoffrey West: 
•If k > 0, growth will eventually 

exceed the capacity of the system to 
sustain the growth.  

•To change this, offsets are needed, 
i.e., innovation.  

•Innovations have to come at 
increasing speed 

•Growth with offsets through innovation

The Therapy 



Geoffrey West: 
•If k > 0, growth will eventually 

exceed the capacity of the system to 
sustain the growth.  

•To change this, offsets are needed, 
i.e., innovation.  

•Innovations have to come at 
increasing speed 

•Growth with offsets through innovation

The Therapy 



Role of Ethics, Moral, Social and 
Economic Rules

The Therapy 

Life Style Changes

ETHICAL, MORAL, SOCIAL 
& ECONOMIC RULES



Role of Ethics, Moral, Social and 
Economic Rules

The Therapy 

Life Style Changes

ETHICAL, MORAL, SOCIAL 
& ECONOMIC RULES



Carrying Capacity = function of: Arable 
Land, Nitrogen, Phosphorous, Climate, 
Water, Biodiversity, Land Use, Energy, 
Degradation, Technology, … 
CC = f(A, N, P, C, W, B, L, E, D, T, …)

C = f(E, L, …)

N, P = f(E)

B = f(C, W, L, D, …)

W = f(C, L, E, D, …)

“That the increase of population is 
necessarily limited by the means of 
subsistence, That population does invariably 
increase when the means of subsistence 
increase, and, That the superior power of 
population is repressed, and the actual 
population kept equal to the means of 
subsistence, by misery and vice.”  
                                     Malthus, 1798.

"Yet in all societies, even 
those that are most vicious, 
the tendency to a virtuous 
attachment is so strong that 
there is a constant effort 
towards an increase of 
population” Malthus, 1798.
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N: number of people in the country under consideration 
L: average use of resources per person in the country   

Should be multiplied by the 
resource usage per person

The Therapy: Life Style Changes 



Carrying Capacity = function of: Arable 
Land, Nitrogen, Phosphorous, Climate, 
Water, Biodiversity, Land Use, Energy, 
Degradation, Technology, … 
CC = f(A, N, P, C, W, B, L, E, D, T, …)

C = f(E, L, …)

N, P = f(E)

B = f(C, W, L, D, …)

W = f(C, L, E, D, …)

“That the increase of population is 
necessarily limited by the means of 
subsistence, That population does invariably 
increase when the means of subsistence 
increase, and, That the superior power of 
population is repressed, and the actual 
population kept equal to the means of 
subsistence, by misery and vice.”  
                                     Malthus, 1798.

"Yet in all societies, even 
those that are most vicious, 
the tendency to a virtuous 
attachment is so strong that 
there is a constant effort 
towards an increase of 
population” Malthus, 1798.

31 October 2011: The day we “celebrated” the 7-billionth baby 
I wrote a blog on “Crime against humanity”: 
                 C(t) = (N(t) - N(t0))*L 
C: crime 
t: time 
t0: arbitrary time origin 
N: number of people in the country under consideration 
L: average use of resources per person in the country   

Should be multiplied by the 
resource usage per person

The Therapy: Life Style Changes 



The Therapy
Role of Religions



As Pope Francis puts it in his ecological 
teaching document, Laudato Si’: “To blame 
population growth instead of extreme and 
selective consumerism on the part of some, is 
one way of refusing to face the issues. It is an 
attempt to legitimise the present model of 
distribution, where a minority believes that it 
has the right to consume in a way which can 
never be universalised, since the planet could 
not even contain the waste products of such 
consumption.”
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September 1, 2016: He called for care for the 
environment to be added to the seven 
spiritual works of mercy outlined in the Gospel 
that the faithful are asked to perform 
throughout the pope’s year of mercy in 2016.

As Pope Francis puts it in his ecological 
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Instead of being technology and science-driven, the Earth observation and science 
communities need to be problem-driven and part of the process.
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Percentage of population living on less than $1 a day (2008-2009),  UN Human Development Index, 2008
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Percentage of population undernourished
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the global work hours 
but they only earn 10% of 
the global salary
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Women make major contributions to crop production. 
Women have the least access to the means for 
increasing yields and moving from subsistence crops 
to market-oriented production

Women carry out 70% of 
the global work hours 
but they only earn 10% of 
the global salary

Agenda 2030: “The Road to Dignity”



Agenda 2030: “The Road to Dignity”



Mangroves
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Mangroves

About half of mangrove loss has occurred in the last 
50 years, mostly in the last two decades, due to: 
• shrimp farming 
• tourism 
• urbanization 
• agriculture expansion 
• roadways 
• marinas, and 
• other intrusive developments.
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About half of mangrove loss has occurred in the last 
50 years, mostly in the last two decades, due to: 
• shrimp farming 
• tourism 
• urbanization 
• agriculture expansion 
• roadways 
• marinas, and 
• other intrusive developments.

A Tragedy for our Oceans 
Continuing heavy loss of mangrove forests 
represents a real tragedy for our oceans and 
the extensive life-support systems mangroves 
engender.
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Mangroves link many of the SDGs …
Agenda 2030: “The Road to Dignity”


