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People are changing the global environment

Image: www.greenpassport.us/wp-content/uploads/2013/03/pollution-prevention.jpg




What do
global change
scientists think?




A physical planet:
Climate science
focuses on atmosphere
and ocean circulation

Gif: http://montessorimuddle .org/wp-content /uploads /2011/04/Gen-atm-circ-winsum-anim-s.gif




A physical planet:
atmosphere and
ocean circulation
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A living planet:

Living organisms alter their
physical environment and
biogeochemical flows

Land and ocean chlorophyll concentration
(image: ESA)

Gif: http://montessorimuddle.org/wp-content/uploads/2011/04/Gen-atm-circ-winsum-anim-s.gif




A physical planet:
atmosphere and
ocean circulation

| A living planet:

Organisms alter their
physical environment and
biogeochemical flows

A human planet:

People alter ecology,
geo) chemical processes

Global change scientists
use observations
(from fieldwork and from space)
experiments, theories and models
to understand how the ‘Earth system’ works

Image: Trade Promotion Council of India 2018, www.tpci.in
Image: https://www.esa.int/Our_Activities/Observing_the_Earth/View_from_above/(print)
Gif: http://montessorimuddle.org/wp-content/uploads/2011/04/Gen-atm-circ-winsum-anim-s.gif




What does a systems approach mean?

= All systems have structure or organization.
= All systems function in some way.

= All systems show some degree of integration —
components act together as a coherent whole.

= Change in one component is ‘sensed’ throughout
the system. Responses of other components
result in the regulation of the system overall.




Volcanism

Solar/
Space
Plasmas

The ‘Bretherton Diagram’ shows the
linked processes in most Earth system models

(ESSC NASA Advisory Council 1988)
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Volcanism

Solar/
Space
Plasmas

The ‘Bretherton Diagram’ shows the
linked processes in most Earth system models

(ESSC NASA Advisory Council 1988)
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The ‘Bretherton Diagram’

Forcings are perturbations that drive system changes. (ESSC NASA Advisory Council 1988)

Feedbacks are induced changes within the system
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The ‘Bretherton Diagram’
Forcings are perturbations that drive system changes. (ESSC NASA Advisory Council 1988)
Feedbacks are induced changes within the system
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The ‘Bretherton Diagram’

Forcings are perturbations that drive system changes. (ESSC NASA Advisory Council 1588)

Feedbacks are induced changes within the system
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What is the ‘state’
of our planet?




What is the ‘state’ of planet Earth?
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For the past “million years,
Earth has oscillated between ice-ages
and warm interglacial periods

Figure adapted from data compilation G. Fergus 2007/2014, https://en.wikipedia.org/wiki/File:All_palaeotemps.png
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What is the ‘state’ of planet Earth?
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For the past 10 000 years,
Earth’s climate and ecosystems
have been comparatively stable

Figure adapted from data compilation G. Fergus 2007/2014, https://en.wikipedia.org/wiki/File:All_palaeotemps.png




What does Earth system change mean?
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Temperatures are rising because of human activities.
Today’s living world is not adapted
to these climatic conditions.

Figure adapted from data compilation G. Fergus 2007/2014, https://en.wikipedia.org/wiki/File:All_palaeotemps.png




What does Earth system change mean?
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Lowery and Fraass 2019, https://doi.org/10.1038/s41559-019-0835-0

What does Earth system change mean?
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Read more about ecological threats in the IPBES Global Assessment 2019

What does Earth system change mean?
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What is the
planetary boundaries
framework?




Today’s human-driven changes are bigger in magnitude and
faster in rate than many changes in Earth’s geological past

Today’s ecosystems and human societies are best adapted to
the conditions of the relatively stable ‘Holocene baseline’

Global sustainability means reducing the red alerts of rising risks
— ‘staying within’ the safe operating space for humanity




https://www.nature.com/articles/461472a

* Today’s human-driven changes are bigger in magnitude and
faster in rate than many changes in Earth’s geological past

* Today’s ecosystems and human societies are best adapted to
the conditions of the relatively stable ‘Holocene baseline’

* Global sustainability means reducing the red alerts of rising risks
— ‘staying within’ the safe operating space for humanity

A safe operating space for humanity
Rockstrom et al 2009, Nature

The Planetary Boundaries framework
identifies biophysical conditions
for global sustainability

* In 2009, three of nine processes
already showed Earth system disturbance




What are planetary boundaries?

e ‘Dashboard’ of human-altered Earth system dynamics
* Precautionary measures for continued functioning

* Global complement to local impact indicators

* Scientifically defined, of interest to business and policy

* Interacting pressures, building up fast

Since 2009:
- new scientific assessments

- more evidence of human impact

- stronger calls for urgent global action




Today’s human-driven changes are bigger in magnitude and
faster in rate than many changes in Earth’s geological past

Today’s ecosystems and human societies are best adapted to
the conditions of the relatively stable ‘Holocene baseline’

Global sustainability means reducing the red alerts of rising risks
— ‘staying within’ the safe operating space for humanity

Planetary boundaries:
Guiding human development
G on a changing planet

o / Steffen et al 2015, Science
» \ In 2015,

. four of nine boundaries
were overstepped

Below boundary (‘safe’)
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High risk




* Today’s human-driven changes are bigger in magnitude and
faster in rate than many changes in Earth’s geological past

* Today’s ecosystems and human societies are best adapted to
the conditions of the relatively stable ‘Holocene baseline’

* Global sustainability means reducing the red alerts of rising risks
— ‘staying within’ the safe operating space for humanity
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* Today’s human-driven changes are bigger in magnitude and
faster in rate than many changes in Earth’s geological past

* Today’s ecosystems and human societies are best adapted to
the conditions of the relatively stable ‘Holocene baseline’

* Global sustainability means reducing the red alerts of rising risks
— ‘staying within’ the safe operating space for humanity

Climate
change

Biodiversity
loss

RISING RISKS

Outside the Safe Operating Space of the Planetary Boundary

for Novel Entities Land chamil,
Persson et al 2022, Environmental Science & Technology hange 'i‘n’('f"éﬁﬁl'l
. novel entities
—
A planetary boundary for green water B
Wang Erlandsson et al 2022, Nature Reviews: Earth & Environment o S Orone-layer

depletion

By 2022, science consensus is growing that /Mtered
six of nine boundaries are overstepped - flows

Atmospheric
aerosol
loading

acidification




Persson et al 2022 Environ. Sci. Technol. 56, 1510-1521

https://doi.org/10.1021/acs.est.1c04158 What does it mean
to consider chemical pollutants
as novel entities in the Earth System?

CLIMATE CHANGE =

Novel entities have large-scale impacts
that threaten integrity of Earth system processes

STRATOSPHERIC OZONE

PEPLETION Physical, biogeochemical, ecological changes
to climate stability and ecosystem resilience

Bl
(Not yet quantified)

Synthetic substances have no ‘natural variability’
ATMOSPHERIC . .
AEROSOL nor biophysical precedent that allows

LOADING

weveruaniie EQrth system thresholds to be identified

LAND-SYSTEM
CHANGE

No single control variable captures all
e ‘safe operating space’ conditions — quantification
ARRATIN of pressures offers a precautionary approach

FRESHWATER USE

Weight-of-evidence? Planetary Boundary
for novel entities is now overstepped




Planet-scale problems,
people-scale challenges




Global change, global action -
Where can top-down analysis go?

“The problem is the idea that the planet
has a cockpit, and in that cockpit,
we can change course.

The planet doesn’t work like that”

Maarten Hajer, Utrecht University 1
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Countries agree to end plastic
pollution in ambitious global treaty #

A legally binding agreement between 175 countries encompasses all stages of,
plastic’s life cycle, from production to consumption and disposal

000OOOO

ENVIRONMENT 1 March 2022, updated 2 March 2022

By Adam Vaughan

Chemical pollution is as
much of a planetary emergency as
climate change and biodiversity loss



https://www.unep.org/resources/making-peace-nature

Biophysical Socio-
characteristics economic
dynamics

Equity and
fairness

Hayha et al. (2016) in Global Environmental Change
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Human knowledge grows, but the
human animal stays much the same.
Science enlarges human power.

It cannot make human life more reasonable,

peaceful or civilized...
John Gray, Heresies




