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Physiology of the Planetary Life-Support System: Homeostasis
Global Essential Variable: Energy Imbalance: Incoming Energy minus Outgoing Energy

“Healthy Life-Support System”;
Earth’s Energy Imbalance (EEI) due to photosynthesis on the order of ERIRIARIE

Imbalance today: 300-320 TW, i.e., on the order of
(e.g., Stephens et al., 2012; Trenberth et al., 2014, Cheng et al., 2016)




Physiology of the Planetary Life-Support System: Homeostasis
Global Essential Variable: Energy Imbalance: Incoming Energy minus Outgoing Energy

“Healthy Life-Support System”:
Earth’s Energy Imbalance (EEI) due to photosynthesis on the order of ERIVRLAGRIE

Imbalance today: 300-320 TW, i.e., on the order of
(e.g., Stephens et al., 2012; Trenberth et al., 2014, Cheng et al., 2016)

(1) Why did the Earth’s energy imbalance increased so dramatically?

(2) Where, and in what form, is the energy stored, and what are the consequences?
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Key Points

Baseline
During the Holocene, climate and sea level were exceptionally stable.

The Holocene was a “safe operating space for humanity” allowing the emergence of a dominant species
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The Syndrome: Modern Climate and Global Change

How do we know?



The Syndrome: Modern Climate and Global Change

Global Observing System
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CYGNSS
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CYGNSS
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Temperature 2008-2012 compar
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(a)

Anomaly (°C) relative to 1961-1990
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The Lab Results for “Patient Earth”
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The Lab Results for “Patient Earth”

pPpm PP
- 2750
1000+ -
800 -
J Year 2010 ' 11750 ppb
600 -} 1500 -
Yearﬂ} 4+ 400 ppm 1000 -
s— [ 300 PPM - =800 ppb
200 + 500 -+
- 170 ppm
i =+ 300 ppb
0
002 CH A

Year 2010
=

6_

W/m2

- 1 W/m2

0 W/m?

Y | W/m2

Greenhouse
Gas Forcing

W/m2
6 p—
4__
2 |
Year 2010 ' 11 W/m2
0 W/m?
-2
=4 W/m2

Albedo Forcing

Year 2010

Global Temp

80 +

40 |-

Year 2010 ' 0

-80 —

-140 m |-

| 0.3 m

““Current State”

- -130 m

Sea

Level

-“Normal Range”
(800,000 years)

-120]8



The Syndrome: Modern Climate and Global Change

Greenhouse (Gases
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Greenhouse Gases: Example CO»

e 270 ppm: 10,000 years ago (transition to agriculture) glacial maximum

¢ 180 ppm: 20,000 years ago (glacial maximum) } Time since the |ast
e 280 ppm: At the start of industrialization in the 17th Century
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Greenhouse Gases: Example CO»

e 270 ppm: 10,000 years ago (transition to agriculture) glacial maximum

e 180 ppm: 20,000 years ago (glacial maximum) } Time since the |last
e 280 ppm: At the start of industrialization in the 17th Century

e 312 ppm: My Birth

e 320 ppm: Started as carpenter
e 331 ppm: Started at university
e 350 ppm: PhD

e 373 ppm: Married
e 416 ppm: Today (April 2020)

Time of my life

My “age” in COq increase: 104 ppm (1.53 ppm/year)
Increase over the last 20,000 before industrialization: 120 ppm (0.006 ppm/year)

The increase in my life-time was 250 times faster than on average during the pre-industrial
20,000 years.
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Two Questions:

What did this increase of CO2 do the Earth’s Energy Imbalance? -
Why are we not experiencing the full impact of the dramatic increase? —

l | | | I ] | | |

2100 Higher Emissions Scenario® —

2100 Lower Emissions Scenario®’ s

2019, i

pr—

-800,000 -700,000 -600,000 -500,000 -400,000 -300,000 -200,000 -100,000 0

Year

A\2008

Lithi 2t al.: Tans: IIASAZ

900

300

700

600

500

400

300

N
-
o

0

(wdd) uonenuadsuon) dpIXoI(] uoglen




The Syndrome: Modern Climate and Global Change

Earth’'s Energy Imbalance
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Earth’'s Energy Imbalance

Incoming 10 10_ 10 -9 Outgoing

Solar Radiation

Storage in fossil fuels

Imbalance on the order of 10-19-10-°
Last 200 Million years
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Earth’'s Energy Imbalance
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Solar Radiation

Storage in fossil fuels

Imbalance on the order of 10-19-10-°
Last 200 Million years

Total energy storage in 200 Myrs:
Order 100-1000 Zetadoules
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Earth’'s Energy Imbalance
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Earth’s Energy Imbalance 10-10 to 10-9
¢ | ong-term due to photosynthesis: 10-100 MegaWatt

e Today: 300-320 Tera\Watt

The Earth system is storing far more 1 0-3
heat (energy) than what the rising air
temperature indicates.
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Earth’s Energy Imbalance 10-10 to 10-9
¢ | ong-term due to photosynthesis: 10-100 MegaWatt

e Today: 300-320 Tera\Watt

The Earth system is storing far more 1 0-3
heat (energy) than what the rising air

temperature indicates. Oceans Storing More Heat as

CO2 Builds Up

The oceans have absorbed 90 percent of the
Upper Ocean extra heat trapped by increasing greenhouse
gases.During 2015-2016, the amount of heat
stored in the upper 2,000 meters of the oceans
reached its highest point on record.

OCEAN HEAT CONTENT AND ATMOSPHERIC CO,

CONCENTRATIONS
At 0-2,000 meter depth, 12-month running means, 1958-2016

2015-16

$201 ~ Ocean heating
CDP Gowat = 95% confidence interval
~ 157 .
Deep ocean P8 » CO, concentration
< 10 4 (observed at Mauna Loa Observatory)
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SOURCES: Taking the Pulse of the Planet by Lijing Cheng et al., 2017 (ocean heat
content data); NOAA (CO; data)

PAUL HORN / InsideClimate News
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Upper Ocean extra heat trapped by increasing greenhouse
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Earth’s Energy Imbalance

¢ | ong-term due to photosynthesis: 10-100 MegaWatt

e Today: 300-320 Tera\Watt

The Earth system is storing far more
heat (energy) than what the rising air
temperature indicates.
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Earth’s Energy Imbalance 10-10 to 10-9
¢ | ong-term due to photosynthesis: 10-100 MegaWatt
e Today: 300-320 Tera\Watt

The Earth system is storing far more 1 0-3
heat (energy) than what the rising air
temperature indicates.

Oceans Storing More Heat as

CO2 Builds Up

The oceans have absorbed 90 percent of the
Upper Ocean extra heat trapped by increasing greenhouse
gases. During 2015-2016, the amount of heat

stored in the upper 2,000 meters of the oceans
reached its hig

Without Ocean, the global mean air temperature would
already be 55°C (135F), not 18°C (64F)
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Even if carbon emissions are reduced, the ocean is
still set for centuries or more of warming, acidification,
deoxygenation, and sea level rise.

When It Comes to Climate Change, the Ocean
Never Forgets
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What about Modern Global Change?
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—arth: Life-Support System for many species
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Planetary Physiology
_ | LIFE SUPPORT
Earth: Life-Support System for many species SYSTEM

Everything is about Flows
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Planetary Physiology

| | LIFE SUPPORT
Earth: Life-Support System for many species SYSTEM

FLOWS l

Everything is about Flows

community

For Homo sapiens, the flows are
regulated by ethical, social, and - recently -
economic rules

Global Order:
-~ Colonialization
- Consumarism
- Globalization
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The Evolution of Key Environmental Factors
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The Evolution of Key Environmental Factors
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The Evolution of Key Environmental Factors
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Terra Watts /century
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The Syndrome: Modern Climate and Global Change

Homo sapiens and Earth

Human environment Non-Human environment
300 million tons of humans and 100 million tons of wild animals (more than 2 kg)

700 million tons of domesticated animals

400 million domesticated dogs 200,000 wolfs

600 million domesticated cats 40,000 lions

1.5 billion cows 900,000 African buffalo

20 billion chicken 50 million penguins

81% of Earth’s surface changed 5% of Earth surface still untouched

significantly by humans

Earth’s Energy Imbalance increased by
roughly 10,000,000 times above pre-human
values



The Syndrome: Modern Climate and Global Change

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



The Syndrome: Modern Climate and 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



The Syndrome: Modern Climate and Global Change

Hurricane Dorian

Extreme weather-related disasters e S scptember 1, 2019

Cyclone ldai,
March 15, 2019

Cyclone Kenneth,
April 22, 2019

(#] KENNETH IMPACTS

Into Sunday

¢ * Life-threatening

* flooding
* Destructive winds
* Mudslides
* Dangerous seas

ol
~  RISKTO LIVES

& PROPERTY
Catastrophic
Extreme

. '.‘ - ) \ = :
MOZAMBIQUE _4:\)
C“AT\NCL p f& "‘\\ " |
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The Syndrome: Modern Climate and Global Change

Hurricane Dorian
September 1, 2019

Cyclone ldai,
March 15, 2019

Cyclone Kenneth,
April 22, 2019

.
(#] KENNETH IMPACTS

Into Sunday

¢ * Life-threatening

* flooding
* Destructive winds
* Mudslides

rocene”

MOZAMBIQUE
CHANNEL

1402 Y



The Syndrome: Modern Climate and Global Change

Migration Causing Massive Harm

RORTY EUROPE
AMERICA L\\L ASIA

SOUTH AFRICN
AMERICA
AUSTRALIA

- intemally dsplaced persons

~ Main migration route _ : ;
- Refugees under UNRWA's mandate

1500 mi B Refugees under UNHCR's mandats

1500 km

 Asvlum - seckers

Source: UNHCR, 2019. Global Trends: Forced Displacement in 2018 © IOM’s GMDAC 2019
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The Syndrome: Modern Climate and Global Change
The Holocene was a “safe operating space for humanity”

BIODIVERSITY

CLIMATE CHANGE
LOSS OF

ECOLOGICAL

FUNCTIONS
(Not yet
quantified)

4 NOVEL ENTITIES
"~ _ (Not yet quantified)

LAND-USE CHANGE

STRATOSPHERIC
OZONE DEPLETION

FRESHWATER CONSUMPTION

.+ ATMOSPHERIC AEROSOL
,’ LOADING
(Not yet quantified)

PHOSPHORUS ACIDIFICATION

B Below boundary (sale)
In zone of uncertainty (increasing risk)

. Beyond zone of uncertainty (high risk)

BIOGEOCHEMICAL

Rockstrom aanw}s(lum, 2015
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The Holocene was a “safe operating space for humanity”

BIODIVERSITY

CLIMATE CHANGE
LOSS OF

ECOLOGICAL

FUNCTIONS
(Not yet

quantified)

i NOVEL ENTITIES
"« _ (Not yet quantified)

LAND-USE CHANGE

STRATOSPHERIC

Percentage of lightly affected = Percentage of Earth’s OZQNE DEPLETION

ecosystems terrestrial ecosystems that '
, ' show state shifts
. 4 :
1700 -
1800 1000 N L .
~650 1950 ‘RESHWATER CONSUMPTION
million ~1 1.65 e 201 :
people billion i .
¥ people billien billion 7.00
billion 8.20 ’
billi £
L * ATMOSPHERIC AEROSOL
00®’ LOADING
o®® (Not yet quantified)
o ® >
o® " 1 4 QR
® o ® Critical transition as
° ® increased emergent global

forcings reach threshold

PHOSPHORUS

ACIDIFICATION

values that rapidly change
all of Earth’s ecosystems

B Below boundary (safe)

In zone of uncertainty (increasing risk)

oW Global forcing High BIOGEOCHEMICAL
B Beyond zone of uncertainty (high risk)

KOCKSTFOMm anc wIs(lum, 2015

(Generally increases with human population size)




The Syndrome: Modern Climate and Global Change
The Holocene was a “safe operating space for humanity”

BIODIVERSITY

CLIMATE CHANGE

S LOSS OF
Atmospheric Nitrogerm ECOLOGICAL
i 22 AR FUNCTIONS
= (Not yet
g quantified) SR < C C T 7T -

NOVEL ENTITIES
"« _ (Not yet quantified)

b Assimilation

Denitrif LAND-USE CHANGE

Bacteria
Nitrogen-fixing
bacteria living in
legume root nodules Uy
Decomposers
(aerobic and anaerobic
bacteria and fungi)

Nitrates(NO, )

2

Q Nitrifying . ] STRATOSPHERIC
Ammonification Nitrification bacteria ' ' . OZQNE DEPLETION

D e

Nitrogen-fixing S :
soil bacteria Nitrifying bacteria

FRESHWAT®

rocks containing
phosphate
(POs*)

weathering or
erosion
(very slow)

1

incorporation
into
animals

PHOSPHORUS

BIOGEOCHEMICAL

Rockstrom anc wIs(lum, 2015



The Syndrome: Modern Climate and Global Change
The Holocene was a “safe operating space for humanity”

BIODIVERSITY

z

LoS

CLIMATE CHANGE

JG AL
FUNCTIONS

(Not yet
quantifies
NOVEL ENTITIES
tyet quantified)
James White Fiie \

University of Colorado 7 “We are the aSterOId . b}

SE. \

> »l o) 012/605 @ e |
https://www.youtube.com/watch?v=gPg9YAg9mfc&feature=youtu.be y I— —

" STRATOSPHERIC
: OZONE DEPLETION
.. '

Current extinction rates: '
300 times background ra
80,000 times background ra

_* ATMOSPHERIC AEROSOL
.’ LOADING
(Not yet quantified)

OCEAN
ACIDIFICATION

PHOSPHORUS

BIOGEOCHEMICAL

Rockstrom anpgwls(lum, 2015



The Syndrome: Modern Climate and Global Change
The Holocene was a “safe operating space for humanity”

BIODIVERSITY

Buming
_ fossil fuels

CLIMATE CHANGE el
LOSS OF o lE

ECOLOGICAL

FUNCTIONS
(Not yet
quantified)

- .- - o o,

e University of Waikato | www.sciencelearn.org.nz

NOVEL ENTITIES
» _ (Not yet quantified)

LAND-USE CHANGE

O
gsoo-

: ©)
STRATOSPHER| % 400 i

OZONE DEPLETI (O

up

e

W
-
o

FRESHWATER CONSUMPTION

N
o
-

Cumulativ

_+ ATMOSPHERIC AERC
o’ LOADING

(Not yet quantified ROthman, 2017

ik
-
-

o

PHOSPHORUS
ACIDIFICATION

B Below boundary (safe)
In zone of uncertainty (increasing risk)

. Beyond zone of uncertainty (high risk)

BIOGEOCHEMICAL

Rockstrom anc Wis(lum, 2015



The Syndrome: Modern Climate and Global Change
The Holocene was a “safe operating space for humanity”

BIODIVERSITY
CLIMATE CHANGE /

LOSS OF

40 *N -
July 2011 July 2012
30 *N '
. \‘.____Safrgassum _
= e
10 *N 2. - '\""%’-‘(M o
S0°W JO0'W SO°'W 30°W  10°W 8500-
July 2013 E‘
S 400
Q.
-
o 300F
=
T
= 200
July 2016 &
o O 100 |
quantified ROthman, 2017
0

e)
ly (increasing risk)
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The Syndrome: Modern Climate and Global Change

The Holocene was a “safe operating space for humanity”

Growth in Asia
As the economies in Asia

grow, so does demand for

consumer products—and
plastics. Half the world’s
plastics are made there,
29 percent in China.

Global plastic
production by industry
in millions of tons

Legacy of World War ||

Shortages of natural
materials during the
war led to a search for
synthetic alterna-
tives—and to an expo-
nential surge in plastic
production that
continues today.

1973 oil crisis

1950

1960

1970

l

100

1980

200

1990

2008 recession

300

2000

400

Y

2010 2015

Total
448 million tons produced in 2015

Other
52 million
includes health care and agriculture

HANGE

. Syears 4 The average time plastics are
used before they're discarded.

NOVEL ENTITIES

Building and construction "~ (Not yet quantified)

72 million
AENNNNRRRNRNRNNNENENRNNNNNNNNNRNNNN 35 years

Industrial machinery
3 million

HENNNRNNNNNNNNNNANEN 20 years

STRATOSPHERIC
OZONE DEPLETION

Transportation
30 million

HERRRNNNNNNNN 13 years

Electrical
19 million

HERRRREN 8 years

Textiles
65 million

BREEN 5 years . ATMOSPHERIC AEROSOL

LOADING

(Not yet quantified’
Consumer products b i

46 million
BBl 3 years

‘EAN
Packaging 'ICATION
161 million

| Less than six months

The largest market for plastics today is
for packaging materials. That trash now
accounts for nearly half of all plastic waste
generated globally; most of it never gets
recycled or incinerated.

B Below boundary (safe)
In zone of uncertainty (increasing

B Beyond zone of uncertainty (high risk)

The urgent challenge of plastics

448 Million tons in 2015
Average use time: 5 years

Average lifetime: 1000-5000 years




Key Points

Baseline
During the Holocene, climate and sea level were exceptionally stable.

The Holocene was a “safe operating space for humanity” allowing the emergence of a dominant species
Syndrome

During the last few hundred years, humanity has made large and rapid planetary changes, accelerated existing and
introduced new flows in the planetary physiology.

he system is outside the “normal range” and in the dynamic transition into the Post-Holocene.




Modern Climate Change:
A Symptom of a Human-Caused High-Energy Pulse

Contents
The Baseline: Past Climate Changes
ne Syndrome: Modern Climate and Global Change

- The Diagnosis: A new Economy and Global Order
ne Prognosis: Leaving the “Safe Operating Space” and into the Unknown

ne Therapy: A new Ethics, Economy, and Global Governance
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The Diagnosis: A New Economy and Global Order

Out of Scale Scaling law for metabolic rate:

Metabolic Rate
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The Diagnosis: A New Economy and Global Order

Out of Scale Scaling law for metabolic rate:

human: Y = 50 -100 Watt

Metabolic Rate
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The Diagnosis: A New Economy and Global Order

Out of Scale Scaling law for metabolic rate:

human: Y = 50 -100 Watt

Extended metabolic rate:
YE=Y+ Ck
(Ce: total energy consumption)

Metabolic Rate
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The Diagnosis: A New Economy and Global Order

Out of Scale Scaling law for metabolic rate:

human: Y = 50 -100 Watt

Extended metabolic rate:
YE=Y + (e
(Ce: total energy consumption)

Metabolic Rate

100 -

10° -

Energy consumption per capita:
Global Average: Ye = 2,835 Watt
M = 10 metric tons

10-7 |-

10}

Metabolic Rate (kcail/hr)

Unicellular Organisms




The Diagnosis: A New Economy and Global Order

Out of Scale Scaling law for metabolic rate:

human: Y = 50 -100 Watt

Extended metabolic rate:
YE=Y + (e
(Ce: total energy consumption)

Metabolic Rate

100 -

£
T

Energy consumption per capita:
Global Average: Ye = 2,835 Watt
M = 10 metric tons

Metabolic Rate (kcail/hr)

Humanity has an extended metabolic

rate equivalent to 14 Billion elephants
(2.7 Billion for the U.S. alone)
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The Diagnosis: A New Economy and Global Order

Out of Scale Scaling law for metabolic rate:

human: Y = 50 -100 Watt

Metabolic Rate
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The Diagnosis: Leaving the "Safe Operating Space’

Breaking Scaling Laws

How could Homo sapiens “break” the scaling law?
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The Diagnosis: Leaving the “Safe Operating Space”

Breaking Scaling Laws e
Brain is the most energy-demanding part in an ' >
organism.

Brain to body ratio is limited by energy available to
the organism to sustain the metabolic rate.
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The Diagnosis: Leaving the "Safe Operating Space’

Breaking Scaling Laws
Brain is the most energy-demanding part in an
organism.

Brain to body ratio is limited by energy available to
the organism to sustain the metabolic rate.

Great apes such as gorillas and orangutans need to
spend hours foraging to have enough energy to
sustain the large body frames.

They cannot afford larger brains.

Brain

A novel technique
for counting neurons
is changing our appraisal
of just how special the
human brain really is

By Suzana Herculano-Houzel




The Diagnosis: Leaving the “Safe Operating Space”
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Breaking Scaling Laws :
Brain is the most energy-demanding part in an
organism.

Brain to body ratio is limited by energy available to
the organism to sustain the metabolic rate.
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Great apes such as gorillas and orangutans need to
spend hours foraging to have enough energy to
sustain the large body frames.

They cannot afford larger brains.

.......

The human brain represents 2% of body mass, but
It uses about 25% of the metabolic rate.

A novel technique
for counting neurons
is changing our appraisal
of just how special the
- human brain really is
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The Diagnosis: Leaving the "Safe Operating Space’
Breaking Scaling Laws |

Brain is the most energy-demanding part in an
organism.

Brain to body ratio is limited by energy available to
the organism to sustain the metabolic rate.

Great apes such as gorillas and orangutans need to
spend hours foraging to have enough energy to
sustain the large body frames.

They cannot afford larger brains.

The human brain represents 2% of body mass, but
it uses about 25% of the metabolic rate.

Supporting a large, more efficient brain requires
high-energy, easy to process food:

Homo sapiens achieved this by using fire to
process food (particularly meat)

! JEAN tANC > PODEVYIN




Ihe Diagnosis: Leaving the

Breaking Scaling Laws ;

Brain is the most energy-demanding part in an
organism.

Brain to body ratio is limited by energy available to
the organism to sustain the metabolic rate.

Great apes such as gorillas and orangutans need to
spend hours foraging to have enough energy to
sustain the large body frames.

They cannot afford larger brains.

The human brain represents 2% of body mass, but
it uses about 25% of the metabolic rate.

“Safe Operating Space”
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Supporting a large, more efficient brain requires IR

high-energy, easy to process food:
Homo sapiens achieved this by using fire to
process food (particularly meat)
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The Diagnosis: A New Economy and Global Order
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The Diagnosis: A New Economy and Global Order

Increasing food efficiency

HOM( and reducing time needed to s |
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The Diagnosis: A New Economy and Global Order

Increasing food efficiency
and reducing time needed to
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The Diagnosis: A New Economy and Global Order
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Role of Mainstream Economic Model he current mainstream model of the global economy is
based on a number of assumptions about the way the world
works, what the economy |s and vvhat the ‘economy S for.

Anlnquiryinto NeSe o imptions arose in an earlier period, when the worlo
was relatively empty of humans and their artifacts. Built capital
the Nature and Causes was the limiting factor, while natural capital was abundant. It
of the Wealth of Nations made sense not to worry too much about environmenta
| “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
iIncreasing the amount of these that were produced and
consumed.

ADAM SMITH

|

1

|

|

] he Worldwatch Institute. State of the World 2013: |s
i‘ Sustainability Still Possible? (Kindle Locations 2921-2927).
|

i

i Island Press. Kindle Edition.
PUBLIC DOMAIN
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\ Published in 1776
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Role of Mainstream Economic Model

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):“l 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.”
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Role of Mainstream Economic Model

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):“l 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.”

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

This led to globalization ...




Ihe Diagnosis: Le

A LIFETIME OF
PLASTIC

The first plastics made
from fossil fuels are just
over a century old. They
came into widespread
use after World War Il
and are found today in
everything from cars to
medical devices to food
packaging. Their useful
lifetime varies. Once
disposed of, they break
down into smaller
fragments that linger for
centuries.

JASON TREAT AND RYAN WILLIAMS, NGM STAFF
SOURCE: ROLAND GEYER, UNIVERSITY OF
CALIFORNIA, SANTA BARBARA

400 million tons (Mt)

Growthin Asia —m——————

As the economies Iin Asia

grow, so does demand for

consumer proaQucis—=ana 400
plastics. Half the world’s

plastics are made there,

20 percent In China. 2008 recession

Global plastic
production by industry
in millions of tons

Legacy of World War ||

Shortages of natural 200
materials during the
war led to a search for
synthetic alterna
tives—and to an expo
nential surge in plastic
production that
continues today
10(
1973 oil crisis

v

f 448 million tons produced in 2015

Total

Other
52 million
includes health care and agriculture

5 years < The average tlme plastlcs are

Buildingand ¢
72 million

ARNNNRNRNARNNEN

- \\1 Avera ge usetime:

ENNNNNNNNNN 35 years > years

Industrial machinery

2 million

AENRRRNERNRNERERENR ars

Transportation

30 million Build.+Const.: 72 Mt, 35 yrs
R Gy Industrial mach.: 3 Mt, 20 yrs
%‘-‘“{Iica' ~ Transportation: 30 Mt, 13 yrs
":“.;o.n. 8 yeans ~— Electrical: 19 Mt, 8 yrs
Tetil Textiles: 65 Mt, 5 yrs
6§x,:,'i|ﬁf,n Consum. prod.: 46 Mt, 3 yrs
HEREN 5 years Packaging: 161 Mt, <0.5 yrs
Consumer products

46 million

BBl 3 years

Packaging

161 million
| Less than six

The largest market Tor i2=*ies today is

for packaging materials. That trasnhm
accounts for nearly half of all plastic waste y
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|61 Mt < 6 months

https://www.nationalgeographic.com/magazine/2018/06/plastic-planet-waste-pollution-trash-crisis/
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Figure 1: Global income deciles and associated lifestyle consumption
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Key Points

Baseline
During the Holocene, climate and sea level were exceptionally stable.

The Holocene was a “safe operating space for humanity” allowing the emergence of a dominant species
Syndrome

During the last few hundred years, humanity has made large and rapid planetary changes, accelerated existing and
introduced new flows in the planetary physiology.

he system is outside the “normal range” and in the dynamic transition into the Post-Holocene.

)iagnosis

—asy 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.

The new mainstream economic model and a changed global order has turned humans into the “Anthropogenic
Cataclysmic Virus” (ACV) in the Earth’s life-support system.
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