
Class 3: Entering the Post-Holocene

Mitigation and Adaptation Studies

Conclusions: 
- During the Holocene, climate and sea level were exceptionally stable. 
- global disasters caused by geohazards, asteroids, solar storms, etc. were very 

limited and not at the upper end of the scale. 
- The Holocene was a “safe operating space for humanity.” 
- Civilization could develop despite many anthropogenic conflicts and disasters. 
- During the last hundred years, we have introduced rapid and large changes 
- The system is already now outside the “normal range” and in the dynamic 

transition into the Post-Holocene; we have increasing disequilibrium



Class 4: Attempting a Diagnosis: Degradation of the Earth’s Life-
Support System

Contents: 
- Thoughts on Sustainability: Changing the Life-Support System  
- The Life-Support System and Ecosystem Services 
- Feedback Loops in the Life-Support System 
- The Role of Economy in the Degrading the Life-Support System  

Mitigation and Adaptation Studies



“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

Thoughts on Sustainability

Core question: 
What is our relationship to the planet? 
- Owner? 
- Steward? 
- ?

Native American proverb: 
“We have not inherited the earth from our 
fathers, we are borrowing it from our children.” 

Engelman, 2013



Thoughts on Sustainability

The question of whether civilization can continue on its 
current path without undermining prospects for future well-
being is at the core of the world’s current environmental 
predicament. 

Engelman, 2013

For sustainability to have any meaning, it must be tied to 
clear and rigorous definitions, metrics, and mileage 
markers. 

Engelman, 2013

Environmental sustainability and economic development, 
however, are quite different objectives that need to be 
understood separately before they are linked. 

Engelman, 2013



Thoughts on Sustainability
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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Thoughts on Sustainability
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



Thoughts on Sustainability

Optimism and pessimism are equal distractions from what 
we need in our current circumstance: realism, a 
commitment to nature and to each other, and a 
determination not to waste more time. 

Engelman, 2013

Unless scientists are way off track in their understanding of 
the biophysical world, we would be wise today to look to 
dramatic and rapid “demand contraction”— call it degrowth 
or simply an adaptive response to an overused planet— to 
shift toward a truly environmentally sustainable world that 
meets human needs. We need to understand the 
boundaries we face— and then craft ways to fairly share 
the burden of living within them so that the poor bear the 
least and the wealthy the most. That’s only fair. 

Engelman, 2013
We are living in the Anthropocene now, the era in which 
humans are the main force shaping the future of life. 

Engelman, 2013
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Sustainability: Crossing Boundaries

Rockstrom and Klum, 2015

Folke, 2013



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

Sustainability: Crossing Boundaries
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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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Sustainability: Crossing Boundaries

Raworth, 2013

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



Sustainability: 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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Greenland:  
- mass loss increased from 137 Gt/yr in 2002–2003 to 286 Gt/yr in 2007–2009 
- acceleration of -30 ± 11 Gt/yr2 in 2002–2009.  
Antarctica: 
- mass loss increased from 104 Gt/yr in 2002–2006 to 246 Gt/yr in 2006–2009 
- acceleration of -26 ± 14 Gt/yr2 in 2002–2009.

GRACE Detects Accelerated Ice Mass Loss in  
Greenland and Antarctica

Velicogna, GRL,2009

During the period of April 2002 to February 2009 the mass loss of the polar ice sheets was 
not constant but increased with time, implying that the ice sheets’ contribution to sea level 
rise was increasing. 

AntarcticaGreenland



Disappearance of late-summer Arctic sea ice

Elliott, 2015
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Sustainability: Crossing Boundaries

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



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 comparable to 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. 



Leaving the “Safe Operating Space”



We rely on ecosystem services
• Natural resources are “goods” produced by nature
• Earth’s natural systems provide “services” to us
• Ecosystem services: arise from the normal functioning of 

natural services and allow us to survive = the set of ecosystem 
functions that are useful for humans

• Purify air and water, cycle nutrients, regulate climate
• Pollinate plants 
• Receive and recycle wastes





• Over the past 50 years, humans have changed ecosystems more rapidly and extensively than in any period of 
time in human history, largely to meet rapidly growing demands for food, fresh water, timber, fiber and fuel. 
This has resulted in a substantial and largely irreversible loss in the diversity of life on Earth.

• The changes that have been made to ecosystems have contributed to substantial net gains in human well-
being and economic development, but these gains have been achieved at growing costs in the form of the 
degradation of many ecosystem services, increased risks of nonlinear changes, and the exacerbation of 
poverty for some groups of people. These problems, unless addressed, will substantially diminish the benefits 
that future generations obtain from ecosystems.

• The degradation of ecosystem services could grow significantly worse during the first half of this century and 
is a barrier to achieving the Millennium Development Goals.

• The challenge of reversing the degradation of ecosystem while meeting increasing demands for services can 
be partially met under some scenarios considered by the MA, but will involve significant changes in policies, 
institutions and practices that are not currently under way. Many options exist to conserve or enhance 
specific ecosystem services in ways that reduce negative trade-offs or that provide positive synergies with 
other ecosystem services.

• The bottom line of the MA findings is that human actions are depleting Earth’s natural capital, putting such 
strain on the environment that the ability of the planet’s ecosystems to sustain future generations can no 
longer be taken for granted. At the same time, the assessment shows that with appropriate actions it is 
possible to reverse the degradation of many ecosystem services over the next 50 years, but the changes in 
policy and practice required are substantial and not currently underway.

What are the main findings of MA? 



• The balance sheet. 
• 60% of a group of 24 ecosystem services are being degraded.

• Nonlinear changes (accelerating or abrupt) . 
• Ecosystem changes are increasing the likelihood of nonlinear changes in ecosystems. Examples include disease 

emergence, abrupt alterations in water quality, the creation of “dead zones” in coastal waters, the collapse of 
fisheries, and shifts in regional climate.

• Drylands. 
• While major problems exist with tropical forests and coral reefs, from the standpoint of linkages between ecosystems 

and people, the most significant challenges involve dryland ecosystems. These ecosystems are particularly fragile, but 
they are also the places where human population is growing most rapidly, biological productivity is least, and poverty 
is highest.

• Nutrient loading. 
• Excessive nutrient loading of ecosystems is one of the major drivers today and will grow significantly worse in the 

coming decades unless action is taken. The issue of excessive nutrient loading, although well studied, is not yet 
receiving significant policy attention in many countries or internationally.

What’s new? 



1. Climate and Biogeochemical Cycles
2. Regulation of Hydrologic Cycle
3. Soils and Erosion
4. Biodiversity and Ecosystem Functions
5. Mobile Links
6. Balance of Diseases Transmission

Critical Ecosystem Services
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