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Climate is determined by: 
•incoming radiation (sun) 
•reflected radiation (albedo) 
•retained heat (Greenhouse gases)

The Baseline: Past Climate and Global Change



Some heat is 
absorbed by 
Greenhouse gases 
(CO2, CH4, H2O, ...)

Some heat 
is released 
into space

Some sunlight is 
bounced back 
into space

With increasing 
Greenhouse gases, 
more heat is stored 
in atmosphere

Less heat is released to 
space and stored in 
ocean and hydrosphere

Some solar energy is 
used by plants and 
stored in fossils fuels

Earth’s Energy Imbalance:  EI = Solar irradiance - Released Energy

EI > 0: Global Warming
EI < 0: Global Cooling

What can change?
• Solar irradiance can change

     Currently: 1366±1 W/m2 (~240 W/m2)
• Reflected radiation can change (albedo)
• Absorbed energy can change

Earth's energy imbalance is the difference between the amount of solar energy absorbed by Earth 
and the amount of energy the planet radiates to space as heat. 

• Longterm EI: 0.0000001-0.0000003 W/m2

• 10,000 years EI:  ±0.01 W/m2

The Baseline: Past Climate and Global Change

• Current EI: ~0.6 W/m2



Solar irradiance in the era of accurate satellite data. Left scale is the energy passing 
through an area perpendicular to Sun-Earth line. Averaged over Earth's surface the 
absorbed solar energy is ~240 W/m2, so the amplitude of solar variability is a forcing of 
~0.25 W/m2. (Credit: NASA/GISS)
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Normalcy Bias: Climate variations are small and sea level is stable
The Baseline: Past Climate and Global Change



Marcott et al., 2013

<------------Holocene------------>

Global Sea Level ChangesGlobal Temperature Changes

<--Holocene-->

Normalcy Bias: Climate variations are small and sea level is stable

With stable climate and sea level, the Holocene was a safe operating space for humanity.

The Baseline: Past Climate and Global Change



Marcott et al., 2013

<------------Holocene------------>

Global Sea Level ChangesGlobal Temperature Changes

<--Holocene-->

Normalcy Bias: Climate variations are small and sea level is stable

With stable climate and sea level, the Holocene was a safe operating space for humanity.

Settlements in river deltas
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Global and Local Sea Level Changes
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20,000 years ago, sea level in 
Northern America and 
Scandinavia was up to 600 m 
higher than today, and in some 
other location 200 m lower 
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20,000 years ago, sea level in 
Northern America and 
Scandinavia was up to 600 m 
higher than today, and in some 
other location 200 m lower 

Global and Local Sea Level Changes

During the last 7,000 years, 
global (and local) sea level was 
exceptionally stable 

Local Sea Level changes can be 
much larger than the global 
average changes.

Sea Level changes can be much larger than 
what we know from recent history. 

<---Holocene-->

The Baseline: Past Climate and Global Change



During the Holocene, climate and sea level were exceptionally stable
The Holocene was a “safe operating space for humanity”

Key Points
Baseline
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Malthus, 1798
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Arrhenius, 1896



Plag, 2016



10.000 BC 1,900 AD 2,000 AD
Plag, 2016



Syvitski, 2012
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1750 2000

Population GDP CO2 CH4

ExtinctionCars Deforestation

Temperature Floods

McDonald’s

Syvitski, 2012
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1750 2000

We are Reengineering the Planet ...

Population GDP CO2 CH4

ExtinctionCars Deforestation

Temperature Floods

McDonald’s

Syvitski, 2012
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The Syndrome of Modern Global Change

https://www.axios.com/earth-surface-human-activity-landscape-1547164584-48a7c526-b959-4f13-9a2e-c263a341d7f4.html

https://doi.org/10.1111/gcb.14549

81% of Earth’s surface have been 
changed significantly by humans  



The Syndrome of Modern Global Change



About 50% of the original forests 
are gone;

Only 20% of frontier forests 
remain 

75% of forests are less than 1 km 
away from a forest edge Brown: deforestation 

Grey: managed forests 
Green: Frontier Forests

Original forests 

The Syndrome of Modern Global Change

Deforestation



Croplands 1700

Croplands 1992

The Syndrome of Modern Global Change

Croplands and Irrigation
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Freshwater: 81% 
since 1970
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Freshwater: 81% 
since 1970

Current extinction rates: 
     300 times background rate for birds 
80,000 times background rate for mammals   

The Syndrome of Modern Global Change



http://edition.cnn.com/interactive/2016/12/specials/vanishing/index.html

The Syndrome: Recent Climate and Global Change



The Syndrome of Modern Global Change

2018
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Anthropogenic Degradation of the Earth’s Life-Support System: 
•>80% of the Earth’s surface have been modified significantly. 
•Human-mobilized material and energy flows are exceeding non-human flows. 
•Major mass cycles have been changed, including C, N, P, H2O, … 
•Pollutants have been introduced that did not exists in free from or were not abundant 

(mercury, aluminum, PCBs, plastics, …). 
•Ecosystems have been segmented or eliminated, and innumerable species are in decline 

or already extinct.  
•The biosphere has been changed significantly over of the last 300 years, and a mass 

extinction is in progress.  
•These extinctions are irreversible and threaten the stability of the planetary life-support 

system. 
•The magnitude of human-induced environmental changes at global scale is cataclysmic. 
•And then there is modern climate change … 

The Syndrome of Modern Global Change
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Modern climate change is a symptom in the syndrome of 
Modern Global Change, not the cause.



The Syndrome of Modern Global Change

Modern climate change is a symptom in the syndrome of 
Modern Global Change, not the cause.

However, modern climate change is increasingly causing 
cascading changes, thus extending the syndrome of modern 

global change 



“Normal Range” 
(800,000 years)
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“Normal Range” 
(800,000 years)

“Current State”

The Lab Results for “Patient Earth”
The Syndrome of Modern Global Change
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Temperature 2008-2012 compared to 1900
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IPCC, 2013

Snow Cover

Temperature

Sea Ice

Upper Ocean Heat

Sea Level
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IPCC, 2013

Snow Cover

Temperature

Sea Ice

Upper Ocean Heat
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Marcott et al., 2013 Kinnart et al., 2011
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• Today: 300-320 TeraWatt 

10-10 to 10-9 

10-3

• Long-term due to photosynthesis: 10-100 MegaWatt 
Earth’s Energy Imbalance
The Syndrome of Modern Global Change



• Today: 300-320 TeraWatt 

The Earth system is storing far more 
heat (energy) than what the rising air 
temperature indicates

10-10 to 10-9 

10-3

• Long-term due to photosynthesis: 10-100 MegaWatt 
Earth’s Energy Imbalance

The Pool-House Effect

The Syndrome of Modern Global Change



The Syndrome of Modern Global Change

The scale of ocean warming is truly staggering with 
the numbers so large that it is difficult for most 
people to comprehend. If the same amount of heat 
that has gone into the top 2000 m of the ocean 
between 1955-2010 had gone into the lower 10 km 
of the atmosphere, then the Earth would have seen 
a warming of 36°C. 

IUCN, 2016



During the Holocene, climate and sea level were exceptionally stable
The Holocene was a “safe operating space for humanity”

Key Points

During the last few 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
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https://www.theguardian.com/environment/2017/feb/12/humans-causing-climate-to-change-170-times-faster-than-natural-forces?CMP=share_btn_tw

Diagnosis

https://www.theguardian.com/environment/2017/feb/12/humans-causing-climate-to-change-170-times-faster-than-natural-forces?CMP=share_btn_tw


Gaffney and Steffen, 2017

Diagnosis



Gaffney and Steffen, 2017

Holocene baseline rate of change


Global average surface temperature: 
~0.01oC/century

Current rate of change


Global average surface temperature: 
~1.7oC/century
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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

Diagnosis



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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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.

Role of Economy
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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

Role of Economy
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Published in 1776

Role of Economy

Economy: the “invisible hand” 

Assumption: 
Agents independently seeking their own gain will 

produce the overall best result for society

Diagnosis



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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Role of Economy

Increasing the flows 
became the sole means of 

economy to create 
“built” (human wealth
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For almost a century, the consumption of products has 
been the dominant paradigm and mindset. 

John Maynard Keynes (“The General Theory of 
Employment, Interest and Money”, 1936):“I should support at 
the same time all sorts of policies for increasing the 
propensity to consume. For it is unlikely that full employment 
can be maintained, whatever we may do about investment, 
with the existing propensity to consume.” 

Victor Lebow (1955): “Our enormously productive economy 
… demands that we make consumption our way of life, that 
we convert the buying and use of goods into rituals, that we 
seek our spiritual satisfaction, our ego satisfaction, in 
consumption … we need things consumed, burned up, 
replaced and discarded at an ever-accelerating rate.”

Role of Economy
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In 1970, Milton Friedman argued that businesses’ sole 
purpose is to generate profit for shareholders.

This led to globalization … 

Role of Economy
Diagnosis


