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We humans are
part of an ecosystem!

Katherine Richardson Professor
Leader, Sustainablity Science Centre
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Brundtland Rapport, Our Common future (1987),
gave society a new definition of sustainablity:

3 components:
-economic
-environmental } In 1987, environmental and

_ . social components could
social not be defined..

“intergenerational equity”

“Pillars” of Sustainability



Sustainable Development:

Environmental Component:
Demand for the Earth’s
resources within the supply

Social Component: A ‘just”
distribution (sharing) of the
Earth’s resources




=IE FUTURE
IS NOW

SCIENCE FOR ACHIEVING
SUSTAINABLE DEVELOPMENT

V GLOBAL SUSTAINABLE 2
@ DEVELOPMENT REPORT 2'{» 3 1 9




A Success Story?

Small families and
few children die
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Big families and many children die
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Babies per woman

Rosling, 2018. Factfulness




Den succes kommer med “externaliteter”

Raising inequalities Biodiversity loss

FIGURE 0.10 Global Inequality, 1988-2013 @  Extinctions since 1500
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Terrestrial vertebrate biomass

Vertebrate
wildlife
< 3%

Humans
ca 32%

Domesticated animals
ca 65%

Smil 2002




What makes this planet unique is the

fact that there is life!

Climate and Biodiversity can
be used as proxies for the
Earth’s resources!

Conditions on Earth are a product of the interaction between the
“biosphere” (all living organisms) and physical-geochemical processes




The biodiversity crisis
Is at least as
important as the
climate crisis!




Den succes kommer med “externaliteter”

Raising inequalities Biodiversity loss
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Human Development

and
the Earth System
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Beginning
of
agriculture

Evolution of fully Hunter-gatherer

mod_ern _ societies only
humans in Africa

Adapted from Steffen et al. 2004; ice core data from Petit et al. 1999




Climate Change 2018

Global Average Temperature Anomaly, 1880-2017
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Climate Change:
An Earth System Perspective

Temperature rise:
Beyond the envelope of natural variability!
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IPCC temperature projections
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Collins et al. 2013 (IPCC AR5)




6 . .
Earth System moves to a new IPCC Projections
state? Severe challenge to 2100 AD
contemporary civilisation. S
Possible collapse? T~
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Earth System moves to a new IPCC Projections
state? Severe challenge to 2100 AD

contemporary civilisation.
Possible collapse? T~

Tipping points?
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Tipping Elements in the Earth System

Dust Source
Shut-down

Population Density (persons per km?)
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Huber, Lenton, and Schelinhuber, in Richardson et al. 2011




An inconvenient truth:

With every IPCC report the temperature at which
there is believed to be a risk of crossing tipping
points has been lowered!
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Figure 1: Tipping elements in context of the global mean

temperature evolution.

lipping elements possibly

switched within Paris range
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Managing human-

caused climate change:

It is not politicians in Paris
that alone can decide what
the Earth’s future
temperature will be!

2° isn’t necessarily “safe”
The risk of crossing tipping
points increases with all

incremental warming.

TIME is of the essence!




Imited

acknowledging that resources are |
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SDGs are a vision for how we want to
share the Earth’s resources!
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POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION
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SUSTAINABLE
1 @ DEVEFOPMENT
GOALS

Relevant for all global citizens — not just for those in developing countries
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Few goals are on track
to be met and for
several goals, the trend

Is in the wrong
direction!
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Business-as-usual approaches

GOAL WITHIN 5%

5-10% >10%

vl Goal 1
w Goal?

3.2. Under 5 mortality
—’\'\/\' Goal 3 3.2. Neonatal mortality

4.1 Enrolment in primary education

@‘ Goal 5

ﬁ Goal 6

A/

*©: (oal 7
o Goal8
& Goal 9
& Goal10
aBds Goal 11
QO (oal 12
& G(oal 13
y© Goall4
- Goal s

¥, Goal16

*target not specified  ** based on most recently available data

Global Sustainable Development Report, 2019

1.1. Eradicating extreme poverty 1.3. Social protection for all '

2.1. Ending hunger 22 Enr!ing.rrfalnutritb'n (stmtng) 2.2. Ending malnutrition
(undernourshment) 25. Mamanl\qgene}‘xdmny (overweight)
2. Investment in agricufture*

3.1. Matemal mortality
3.4. Premature deaths from
non-communicable dise ses

P 4.2. Early childhood devele ment
461it th
a::(zd:mfw y 4.1 Enrolment in secondary :ducation
4.3 Enrolment in tertiary ducation

5.5.Women political pa icpation

6.2. Access to safe sanitation 6.1. Access o safelym iaged

. . drinking water
(open defecation practices) 62, Aores o salely Raged
sanitation service
- 7.2.Share of renewal e energy*
7.1. Access to electricity 73. Energy ntensity
8.7. Use of child labor 1

9.5. Enhancing scientific research 9.5. Enhandng scient ic research

(R&D expenditure) (number of resea hers)

10.c. Remittance costs Inequality in income™*

11.1. Urban population iving in slums*

12.2. Absolute material footprint,
and DMC*

Global GHG emissions relative
to Paris targets**

14.1. Continued deterioration
of coastal waters*
144. Overfishing*

15.5. Biodiversity loss*
15.7. Wildlife poaching and traffickine

16.9 universal birth registration *

23.05.2023
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SUSTAINABLE
DEVELOPMENT

GOALS Interactions between the SDGs

Levers for transformation

SCIENCE AND TECHNOLOGY

nﬁéa

ECONOMY AND FINANCE

U[G[Nl WORK AND PARTKERSHIPS
EGUNUNIC GROWTH FOR THE GOALS

GOVERNANCE

16 PEACE, JUSTICE 1 PARTHERSHIPS
AND STRONG FOR THE GOALS
INSTITUTIONS

¥ | &

INDIVIDUAL AND COLLECTIVE ACTION

1wt 12 oo | 17 7i5GEES
"

Goals relating to global environmental
commons

CLIMATE
ACTION 4 BELOW WATER 5 ON LAXD
C*

Linking
10 2
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Goals improving human wellbeing

GOOD HEALTH l]l.AlIl'f GENDER CLEAN WATER
PUV[RIV AND WELL-BEING EDUCATION [ﬂUMIW AND SANITATION

But we do not “think” in terms of SDGs!



The challenge of SD is giving all access to the finite resources necessary to allow continued

development E This requireisdl and |3

Biodiversity* | Land*

Development =
Improving Human

Materials:

; wellbeing
infrastructure 1 Basic needs
- ) 2. Material needs

q ipemmanll 11 amwaion B 19
aovnminst 11 snoneenns casIWT
OPCORUCTIO

& || co 3. Social needs

—> waste

Direct use or
habitat change

“Human potential realization”*
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Incorporate “cost-efficiency” into all
sectors:

Goal for all sectors:

Maximise human
welfare/environmental
and social costs

Requires cultural change: The Earth’s resources
— NOT MONEY - is our real currency!
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Sustainable development in terms of environment: Resource
demand must not exceed supply!

Climate---

Research helps us
quantify the supply
of other resources---
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Planetary Boundaries: Exploring the safe

operating space for humanity in the
Anthropocene (Nature, 461 : 472 - 475,

Sept 24 - 2009)
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Planetary boundaries: Guiding human
development on a changing planet

Will Steffen,*** Katherine Richardson,® Johan Rockstrém,' Sarah
E. Cornell,' Ingo Fetzer,! Elena M. Bennett,* R. Biggs,"* Stephen R.
Carpenter,® Wim de Vries mthia A. de Wit,® Carl Folke,"*®
Dieter Gerten,” Jens Heinke,"2** Georgina M. Mace,** Linn M.
Persson,” Veerabhadran Ramanathan,®"" B. Reyers,"* Sverker

Research Articles
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Planetary Boundaries: Guiding
human development on a
changing planet (Science, 347, Jan.
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Valuable Ecosystem Services

Loss of ecosystem services

(Desirable)

coral dominance

» overfishing, coastal
eutrophication

clear water

= S

* phosphorous accum-
ulation in soil and mud

* fire prevention

» (Undesirable)

4

state shift algal dominance

3

» disease,
hurricane

«urbid water

* flooding, warming,
overexploitation
of predators

* good rains, continu-
ous heavy grazing




Humanity’s 12,000 years of grace

Age (kyr before present)
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Climate Ozone
Change depletion

Atmospheric
Aerosol

Loading
Biogeochemical
loading: Global

N & P Cycles
ALY ' Ocean
. A sV acidification
318 darles '
Rate of Global
Biodiversity Freshwater
Loss Use

Chemical
Pollution
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Climate change

Biosphere integrity .
E/MSY Novel entities

'\\ Stratospheric
‘ ozone depletion
//

Atmospheric aerosol

BlI

Land-system
change

Freshwater use

loading
P
N Ocean acidification B Beyond zone of uncertainty (high risk)
O In zone of uncertainty (increasing risk)
. . @ Below boundary (safe)
Biogeochemical flows @ Boundary not yet quantified
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Agriculture’s contribution to human perturbation of critical
iophysical pr .
b opnysical p I?ggpehesreses Genetic Climate change
i nteg r|ty d IVerS|ty .
- \7\\ Novel entities
Functional e, — ,Z\
diversity
Land-system f \\ Stratospheric
change f 1] ozone depletion
. j
\ )
Freshwater Atmospheric
use aerosol loading
Phosphorus
_ Ocean acidification Campbell et al. 2017
N ItrOgen W. Steffen et al., Science
Biogeochemical flows (2015). DOI: 10.1126/5

Bl Beyond zone of uncertainty (high risk) Il Below boundary (safe) *«'Role of agriculture

—t : inty (i ing risk




PBs are scientifically-based levels of human perturbation of the
ES beyond which ES functioning may be significantly altered.

The PB framework does not dictate how societies should
develop.

By identifying a safe operating space for humanity on Earth,
the PB framework can make a valuable contribution to
decision-makers in charting desirable courses for societal
development and they (or something like them) are essential
for implementing the SDGs.
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Reducing/eliminating the arrows essential
to stay within Planetary Boundaries

Goal for all sectors:

Maximise human
welfare/environmental
cost

Biology tells us what could happen if
we don't..



8
6
5
& «
3
2
]

POPULATION

Micro-organism
in culture

Human
population

Ecosystems are different!
Organisms persist

Ecosystems are Sustainable
Circular Societies of different
organisms!




The SDGs force

to respect the

(eco)system of

which we are a
part!

“purchase order from the future”

John Elkington




