
Oluwakemi Izomo



Class 4: Entering the Post-Holocene 
              The Syndrome: Recent Global and Climate Change
Contents:  
- Prolog 
- The Data: Some examples 
- Climate change, Post-Holocene, Rapid Changes, Heat Storage 
- Global Change, Reengineering the Planet 
- The Metrics

Mitigation and Adaptation Studies



Class 4: Entering the Post-Holocene 
              The Syndrome: Recent Global and Climate Change
Contents:  
- Prolog 
- The Data: Some examples 
- Climate change, Post-Holocene, Rapid Changes, Heat Storage 
- Global Change, Reengineering the Planet 
- The Metrics

Mitigation and Adaptation Studies



The Earth System Metric



We have information based on many system indicators, for example:
• Environmental parameters;
• Economic indicators including those on Greenhouse gas emission and Energy usage;
• Societal, political, and governance indicators; 
• Recently combined indictors, …   

The Earth System Metric



We have information based on many system indicators, for example:
• Environmental parameters;
• Economic indicators including those on Greenhouse gas emission and Energy usage;
• Societal, political, and governance indicators; 
• Recently combined indictors, …   

The Earth System Metric

Per capita greenhouse gas emissions
Without land use change With land use change



The Earth System Metric



Environmental Performance Index (EPI):  
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Global Peace Index: measures countries’ peacefulness based on 24 external and internal indicators.
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Happy Planet Index: measures the ratio of well-being to resource useage.
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The Earth System Metric

A few examples ...
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About 50% of the original 
forests are gone; 
Only 20% of frontier forests 
remain 

Brown: deforestation 
Grey: managed forests 
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by human activities  
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Sustainability: Crossing Boundaries

Degradation of the Earth’s Life-Support System: 
•~50% of the ice-free Earth surface are transformed, managed, utilized ecosystems 
•Human-mobilized material and energy flows are exceeding natural flows 
•We have changed major mass cycles, including C, N, P, H2O, … 
•We have introduced pollutants that did not exists in free from or were not abundant 

(mercury, aluminum, PCBs, …)  
•We have fragmented or eliminated ecosystems, and innumerable species are in decline or 

already extinct.  
•We changed the biosphere significantly over of the last 300 years, and we are creating the 

greatest extinction crisis since the natural disaster that wiped out the dinosaurs 65 million 
years ago.  

•These extinctions are irreversible and threaten our own well-being. 
•The magnitude of human-induced environmental changes at global scale is enormous.  

We have change global population, distribution of wealth, access to resources



We entered the “Anthropocene” a long time ago …
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We entered the “Anthropocene” a long time ago …
But we have not learned to wield the  

power wisely!

Having gained the power to change Earth, 
we need to take a new look at humanity and 

ask the question who we are
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We are Facing a Great Challenge, if not Extinction

Guide for “United Nation's Convention on Biological Diversity” :
 “It is reckless if not downright dangerous to keep chipping   

away at our life support system. It is unethical to drive other 
forms of life to extinction, and thereby deprive present and 
future generations of options for their survival and 
development.

 Can we save the world's ecosystems, and with them the   
species we value and the other millions of species, some of 
which may produce the foods and medicines of tomorrow? The 
answer will lie in our ability to bring our demands into line with 
nature's ability to produce what we need and to safely absorb 
what we throw away.”



The Syndrome: Entering the Post-Holocene



We are moving out of the Holocene and 
the “safe operating space for 
humanity” (Rockstroem et al., 2009): 
Climate Change (***) 

Ocean acidification (**) 

Stratospheric ozone depletion (*) 

Nitrogen (******) and Phosphorous cycles (**) 

Global freshwater (*) 

Change in land use (*) 

Biodiversity loss (*******) 

Atmospheric aerosols (?) 

Chemical pollution (?)
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the “safe operating space for 
humanity” (Rockstroem et al., 2009): 
Climate Change (***) 

Ocean acidification (**) 

Stratospheric ozone depletion (*) 

Nitrogen (******) and Phosphorous cycles (**) 

Global freshwater (*) 

Change in land use (*) 

Biodiversity loss (*******) 

Atmospheric aerosols (?) 

Chemical pollution (?)

Climate change and sea level rise are 
symptoms, not the cause,  
not the “sickness.”

Rockstrom and Klum, 2015
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During the Holocene, climate and sea level were exceptionally stable

The Holocene was a “safe operating space for humanity”

During the Holocene, global disasters caused by geohazards, asteroids, solar 
storms, etc. were very limited and not at the upper end of the scale
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During the Holocene, climate and sea level were exceptionally stable

The Holocene was a “safe operating space for humanity”

During the Holocene, global disasters caused by geohazards, asteroids, solar 
storms, etc. were very limited and not at the upper end of the scale

The Syndrome: Entering the Post-Holocene

Civilization could develop despite many anthropogenic conflicts and 
disasters
During the last hundred years, we have introduced rapid and large changes 
in all major flows
We have initiated the transition into the Post-Holocene
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Class 5: Attempting a Diagnosis: Degradation of the Earth’s Life-
Support System

Contents:
- Changing the Life-Support System 
- Crossing Boundaries
- The Role of Economy in the Degrading the Life-Support System  

Mitigation and Adaptation Studies



Changing the Life-Support System



“Sustainable Development is a development 
that meets the needs of the presence 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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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. 

Engelman, 2013
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river, when the people in the boat 
lose the option to get to the shore

On a big, unknown river, don’t go 
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Lenton & Schellnhuber (2007) Nature Reports Climate Change
Many thresholds, including climate 
change related ones …
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Understanding thresholds

The threshold is not where the boat 
goes over the edge, it is far up the 
river, when the people in the boat 
lose the option to get to the shore

On a big, unknown river, don’t go 
into the middle, stay close to the 
shore 
                                    Jim White

The warming of the Arctic could be a 
threshold we have crossed ...

Many thresholds, including climate 
change related ones …

Francis and Vavrus, 2015  
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Crossing thresholds could lead to systemic changes …

Crossing Boundaries

Barnosky et al., 2012



Crossing thresholds could lead to systemic changes …

Crossing Boundaries

Barnosky et al., 2012
http://edition.cnn.com/interactive/2016/12/specials/vanishing/index.html
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Crossing Boundaries

Pollution: introduction of contaminants into 
the environment: 
- Mercury 
- Aluminum 
- Lead 
- Plastics 
- …

Changing the chemistry and physics



GRACE Quantifies Massive Depletion of Groundwater in NW India

The water table is declining at an average rate of 33 cm/yr

During the study period, 2002-08, 109 km3 of groundwater was lost 
from the states of Rajasthan, Punjab, and Haryana; triple the 

capacity of Lake Mead

GRACE is unique among Earth observing missions in its ability to monitor 
variations in all water stored on land, down to the deepest aquifers.

Trends in groundwater storage during 
2002-08, with increases in blue and 
decreases in red.  The study region is 
outlined.

Time series of total water from GRACE, simulated soil water, 
and estimated groundwater, as equivalent layers of water (cm) 
averaged over the region.  The mean rate of groundwater 
depletion is 4 cm/yr.  Inset: Seasonal cycle.

Rodell, Velicogna, and Famiglietti, Nature, 2009
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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. 

The Role of Economy
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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



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. 

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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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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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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The Life-Support System: Ecosystem Services and Feedback Loops


