This Is The PDF version of an
animated slide presentation

SOME FIGURES MIGHT LOOK ODD AND THE VIDEOS WILL NOT WORK
PLEASE, CONTACT ME FOR THE FULL VERSION OF THE CURSE



Planetary Boundaries: A safe operating space for humankind
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The Anthropocene & The Rise of
the Human Enterprize

STUDENT ACTIVITY: A-B MONOLOGUE

Lecturer: Abel Machado



FROM LAST CLASS

The greenhouse
levels in the
planet today
are amongst the
lowest In the
history of the
Earth
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The Planetary Boundaries:
A safe operating space

THE NEW APPROACH TO GLOBAL SUSTAINABILITY

Skills you gain:

1- Understand the concept of PB

2- Get familiar with the levels of human
perturbation of the Earth System

3- Obtain knowledge on the boundaries
that we should not cross

4- Critically evaluate the current PBs

Lecturer: Abel Machado



Planetary
boundaries

References: 6

Ideas WATCH DISCOVER ATTEND PARTICIPATE AsoUT oam

orth spread

RESEARCH

RESEARCH ARTICLE SUMMARY

SUSTAINABILITY

Planetary boundaries: Guiding
human development on a
changing planet

Will Steffen,* Katherine Richardson, Johan Rockstréom, Sarah E. Cornell, Ingo Fetzer,
Elena M. Bennett, Reinette Biggs, Stephen R. Carpenter, Wim de Vries,
Cynthia A. de Wit, Carl Folke, Dieter Gerten, Jens Heinke, Georgina M. Mace,

Johan Fockstrom | TEDGKbal 2010

Let the enwmnwt g
ol el

1,034,706 ..
TeDGigeal 2610 1 2000

Related tags

Linn M. Persson, Veerabhadran Ramanathan, Belinda Reyers, Sverker Sorlin

Copyright © 2009 by tl hor(s). Published here under license by the Resilience Alliance
4 N; P ha 1. E

OUR WORK  TOOLS & RESOURCES ~ ABOUT US  NEWS
3 xploring the

oe\ .uui Sociery 14(2): 32 [\‘nlmn][ RL: http://www
Research

Planetary Boundaries: Exploring the Safe Operating Space for Humanity

Lecturer: Abel Machado


http://science.sciencemag.org/content/347/6223/1259855.full
http://science.sciencemag.org/content/347/6223/1259855.full
https://www.ted.com/talks/johan_rockstrom_let_the_environment_guide_our_development
https://www.ted.com/talks/johan_rockstrom_let_the_environment_guide_our_development
https://www.footprintnetwork.org/our-work/ecological-footprint/
https://www.footprintnetwork.org/our-work/ecological-footprint/

Planetary
boundaries

Holocene: the environmental 7
quality limits for our development

How did the Holocene look like?

i A . V .
Key ecosystem, biogeochemical and atmospheric parameters
fluctuating within a relatively narrow range

Lecturer: Abel Machado
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Setting biophysical conditions for 8
human development

» Main assumptions:

» Scale of human action in relatfion to
the capacity of Earth to sustain it
(e.g. agenda 31).

» Prioritizing Earth processes in the
context of global change.

» Resilience of the Earth System (i.e.
shifts between states and early
warning systems)

Lecturer: Abel Machado



Early warning signals: proxies for the
state of a system
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Complex dynamical systems can have sudden shift to a contrasting dynamical regime.
Early-warning signals indicate for a wide class of systems if a critical threshold is

approaching.
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Early warning signals: Crifical slowing

down and ifs symptoms

System far from
bifurcation point

System close to
bifurcation point

Potential

Potential
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Non-equilibrium
dynamics as a systems
approaches
catastrophic
bifurcation
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Thresholds, feedbacks, I
resilience & uncertainties

Process X Process Y

Globally mixed, with continental/global threshold Heterogeneous, with no continental/global threshold

Global
Planetary anetary
boundar feedbacks woundary
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Local/regional
Impacts

c=—m ot Threshold

Control variable

Control variable

Safe operating space
. Zone of uncertainty

Dangerous level Lecturer: Abel Machado
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Types of planetary boundaries 12

Scale of the process Processes with global Slow processes without
scale thresholds known global scale
thresholds

SystermieRet Climate change

Planetary scale Ocean acidification

Stratospheric Ozone

Aggregated from
regional/local scale

Lecturer: Abel Machado



The planetary boundaries define a safe
operating space for humanity

Climate change
Genetic

Biosphere integrity diversity -

\ Novel entities

Functional %
diversity/

/

Land-system /
change ‘

9 /
Phosphorus™ —

Nitrogen ~ Ocean acidification
Biochemical flows

B Beyond zone of uncertainty (high risk) [ Below boundary (safe)
In zone of uncertainty (increasing risk) Boundary not yet quantified
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Two of the planetary boundaries-
climate change and biosphere
integrity- are recognized as “core”
based on their fundamental
importance for the Earth system.

Lecturer: Abel Machado



Core planetary boundary:

Climate change

Activity: A group explains what
& why are the boundaries

proposed.

ATMOSPHERE

Net solar
(short-wave)
radiation

Clouds

B A
tr e
sre s vt

A . ’
Prec1p|tat|onl,rl//////,,,,,,
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Sea-ice
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Ice-ocean

Net terrestrial
(long-wave)
radiation

Absorption
Reflection
Emission

Volcanic gases

Wind and particles

Air-ocean
interactions

Snow and ice

Max-Planck-Institut
flr Meteorologie
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The climate systemis a
manifestation of the amount,
distribution, and net balance of
energy at Earth’s surface. The
total amount of energy sets the
overall conditions for life.

Lecturer: Abel Machado



Core plane

‘ary boundary:

Blosphere INtegritViem -

Climate change

Land system Biogeochemical flows

change / (N and P cycles)

— Biosphere _es—ug

Ocean

integrity Freshwater use

J acidification Ry U [ S -

N

Novel entities

Atmospheric
aerosol loading

€

Stratospheric ozone depletion
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Biological diversity provides
ecological functions that support
biophysical sub-systems of the Earth,
and thus the underlying resilience of
other planetary boundaries.

Lecturer: Abel Machado
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Changes Iin biosphere infegrity: 16
The extinction rate

h Mammals
,*Birds

Vit

Vertebrates

Other vertebrates

The current and projected rates of
biodiversity loss constitute the sixth major

This safe boundary of biodiversity loss (1
E/MSY) is clearly being exceeded by aft least
extinction event in the history of life on Earth. one to two orders of magnitude, indicating
This might have non-linear and largely an urgent need to radically reduce
irreversible consequences. 1500-1600 1600-1700 1700-1800 1800-1900 1900-2014 biOdi\/erSHy loss rafes.
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Planetary boundary: 17

Stratospheri deplefi
Activity: A group explains what & why
are the boundaries proposed.

. Stratospheric ozone filters ultraviolet

Fortunately, because of the actions radiation from the sun. The thinning of the
faken as a result of the Montreal Protocol Austral polar stratospheric ozone layer has
(and its subsequent amendments), we negative impacts on marine and terrestrial

appear to be on a path that avoids life on Earth
transgression of this boundary. ;

Lecturer: Abel Machado



Planetary boundary:
Ocean acidification

Activity: A group explains
what & why are the
boundaries proposed.

Ocean acidification poses
a challenge to marine
biodiversity and the ability
of oceans to continue to
function as a sink of CO, (~
25% of human emissions).

carbon water carbonate 2 bicarbonate
dioxide ion ions

consumption of carbonate ions impedes calcification

Planetary
boundaries
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Addition of CO, to the oceans
lowers pH of the surface
seawater. Marine organisms
are sensitive to changes in pH.
Surface ocean pH has
decreased by about 0.1 pH
units (corresponding to a 30%
increase in hydrogen ion
concentration since pre-
industrial fimes. This rate of

| acidificationis at least 100

times faster than at any other
time in the last 20 million years

Lecturer: Abel Machado
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Ocean acidification: Past, 19
present & future

Pre-industrial state Current state “Business as usual” state
(280 ppm CO2 atm) (~400 ppm CO2 atm) (550 ppm CO2 atm)

The ocean acidification boundary using as control variable aragonite saturation state

_ Safe operating space Qg qg

. Zone of uncertainty Qg4

Dangerous level Qg qq

Lecturer: Abel Machado



Planetary boundary:
Biogeochemical flows

ing as a slow driver
nge at the planetary level.

1. Nutrient load up: - 5. Death of the ecosystem:
excessive nutrients from oxygen levels reach a point
fertilisers are flushed where no life is possible.
from the land into rivers Fish and other organisms die.

or lakes by rainwater.

e ee & o.-.gn"“wt,“‘\up‘. o e
\ algae layer

3. Algae blooms, oxygen is depleted:
algae blooms, preventing sunlight
reaching other plants. The plants die
and oxygen in the water is depleted.

2. Plants flourish:

these pollutants cause

aquatic plant growth of

algae, duckweed and other plants. 4. Decomposition further
depletes oxygen:
dead plants are broken down by
bacteria decomposers), using up
even more oxygen in the water.

ements (e.g. N, P, Si, S)

Eutrophication due to human induced influxes of nitrogen & phosphorus push aquatic and marine systems across thresholds,
generating abrupt non-linear change from, e.g. a clear-water oligofrophic state to a turbid-water eutrophic state

20
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Agriculture: A major source of 21
biogeochemical iImpacts

Few agricultural regions of very high N & P
application rates are the main
contributors to the transgression of this
boundary. A redistribution of fertilization
from areas where it is currently in excess
to areas where the soil is naturally poor
may simultaneously boost global crop
More information on N & P impacts production and reduce the transgression
on lecture about agriculture. of the N-P boundaries.

Lecturer: Abel Machado
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Planetary boundary: Land-system 9
ChaNgE & —

Fraction of potential area converted
-10 0 10 20 30 40 50 60 70 80 90 100 %

MEDITERRANEAN FORESTS,
WOODLANDS, AND SCRUB

TEMPERATE FOREST l
STEPPE AND WOODLAND

TEMPERATE BROADLEAF
AND MIXED FORESTS

TROPICAL AND
SUB-TROPICAL DRY
BROADLEAF FORESTS

FLOODED GRASSLANDS
AND SAVANNAS

§ TROPICAL AND SUB-TROPICAL

GRASSLANDS, SAVANNAS,

AND SHRUBLANDS

TROPICAL AND SUB-TROPICAL -—
CONIFEROUS FORESTS

DESERTS

MONTANE GRASSLANDS
AND SHRUBLANDS

Activity: A group explains what & why are o A Rl TR -_

the boundaries proposed. : MOIST BROADLEAF FORESTS

5 TEMPERATE
Cropland should be at the most productive CONIFEROUS FORESTS

areas, and processes that lead to the loss of BOREAL Ecosystem conversion to agricultural
productive land, such as land degradation, FORESTS land occurs at ~ 0.8 % yr! over the
loss of irrigation water, and competition with TUNDRA . past 40-50 years and is the major
land uses such as urban development or global driver behind loss of ecosystem

biofuel production, should be con’rrolled\ Conversion of original biomes functioning and services.

Loss by Loss between - Pro;ected loss
1950 1950 and 1990 by 2050°

Lecturer: Abel Machado
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Land-system change 23

Forest cover remaining in the world’s major continuous forest biomes

Remaining forest

Global 61.9%

Tropical
America 91.8%
Africa 50.5%
Asia 29.6%

Temperate
America 85.4% s )
E 42.9% . oy . .
Asia 26.3% : : This boundary focuses on a

Boreal - specific constraint: the

America §7.1% biogeophysical processes
in land systems that directly
regulate climate—

o exchange of energy,

MW <60% <30% <6% (high risk)
[] 85-60% 30-50% 6-85% (increasing risk) water, and momentum
B >85%  >50%  >85%  (safe) between the land surface

B potential forest area and the Atmosphere.

Tropical Temperate Boreal

The biosphere integrity boundary provides a considerable constraint on the amount and pattern of land-system change in all terrestrial biomes.

Lecturer: Abel Machado
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Planetary boundary: 24
Freshwater use

Activity: A group explains what &
why are the boundaries proposed.

/A

About 90% of global green water flows

Risk: collapse of terrestrial and
are required to sustain critical

T

aquatic ecosystems, major shifts in N>
moisture feedback, and b ecosystem services, whereas 20%— 50%
freshwater/ocean mixing atf regional ,'_1; of the mean annual blue water flows in
to continental scales. vs o river basins are required to sustain

ol aqguatic ecosystem functioning.

=
e

|

25% of the world’s river basins run dry before reaching the oceans due to use of freshwater resources in the basins

Lecturer: Abel Machado
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Where freshwater use 05
boundary is fransgressed

Intensity of the boundary
fransgression

m >0.75 (high risk) i
>0.25 - 0.75 (increasing risk) &

i 0-0.25 (safe)

7 no flow

>4.5 (high risk
>1.5-4.5 (incr| -
0 - 1.5 (safe)

' no flow

Green water use in rainfed agriculture, currently estimated at ~5000 km?3 yr!, may have to increase by 50 % by 2030 in order to ensure
food security, whereas consumptive blue water use for irrigation may increase by 25%-50%, corresponding to 400-800 km?3 yr-1 by 2050

Lecturer: Abel Machado
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Fresh water environmental services: 26
Are they readlly sate?

Global spatial distribution of

future hydropower dams, either

¢ Dams planned : under construction (blue dots 17
%) or planned (red dofts 83 %)

Dams change the regional |
climate, cause habitaf ; * Dams under construction
fragmentation and sound 3

pollution.

Lecturer: Abel Machado



Planetary boundary:
Atmospheric aerosol loading

Aerosols affect the functioning of the Earth system in many ways.

Activity: A group
explains what & why
are the boundaries
proposed.

b ¥ Jet occéle'ro;rion‘_ -
P - -4
2 s
N B 's’.* < =
S TS
Geopotential Geepotential
height “height
-
BC-induced warming vid snow-
albedo feed®ack

- } - >

 Increased temp. Gradient &

‘ Tibetan Plateau

20 °N 40 °N 60 °N

BC-deposition & snow darkening

Planetary
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psification of East Asian Winter
$OEAS Northern mode

Aerosols have direct effects
on regional ocean-
atmosphere circulation,
which are determining many
climatic phenomena.

Lecturer: Abel Machado



Activity: A group explains what & why are
the boundaries proposed.

Scientific challenges:

Planetary
boundaries

Planetary boundary: Intfroduction 28
of novel entities

Chemicals with unknown disruptive effect
on vital Earth-system process

Disruptive effect may not discovered until
it is a problem at the global scale

Effect may not be readily reversible
Database for timely screening of
chemicals

Which boundary?

The novel entities might display:

» Persistence

» Mobility across scales with
consequent widespread distributions
Potential impacts on vital Earth-
system processes or subsystems

Originally as chemical pollution, the revised version of this planetary boundary is referring to new substances, new forms of existing
substances, and modified life forms that have the potential for unwanted geophysical and/or biological effects.

Lecturer: Abel Machado
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Planetary boundaries in a 29
socletal context

» The prospect of tighter resource constraints and rising environmental
hazards is also unavoidably furning the focus onto global social equity
and the planetary stewardship of Earth’s life-support system.

» Itis easy to foresee that uneven distribution of causation and benefits will
continue, and these differentials must surely be addressed for a
Holocene-like Earth-system state to be successfully legitimated and
maintained.

» PB says what (but not how) to manage.

» PB framework (or something like it) will need to be implemented
alongside the achievement of targets aimed at more immediate human
needs, such as provision of clean, affordable, and accessible energy and
the adequate supply of food.

Lecturer: Abel Machado
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Summary: Planetary boundaries 30

» PBs are scientifically based levels of ... Climatechange
humOn perfurbOTion Of The ES beyond Biosphere Integrlty diversity ‘///’74 ' - S
which ES functioning may be rncions
substantially altered. &,

» Transgression of the PBs thus destabilizes e [

the Holocene state.

» Nine boundaries are currently proposed
by identifying a safe operating space

i Freshwater use \
for humanity on Earth.

S
Phosphorus ™

» PB framework does not dictate how Blochemical fows T Ocean acidification
societies should develop.

B Beyond zone of uncertainty (high risk) [ Below boundary (safe)
In zone of uncertainty (increasing risk) Boundary not yet quantified

Lecturer: Abel Machado






