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Overview of the lecture

ASome key concepts: evolution & extended phenotype,Anthropocene,
natural resources, natural capital, natural (ecosystem) servicespopulation
growth, country overshot day, planetary boundariestragedy of the
commons, sustainable development, systems thinking, education for

sustainable development.
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https://www.rothschildsafaris.com/blog/
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5 Miracles of the world



WE CALL IT A “FENCE"!
KEEPS OUT THE GIRAFFES
AND THE LIONS AND THE
ELEPHANTS AND THE . . .

The Anthropocene

IS sometimes used to simply
describe the time during which
humans have had a substantial
Impact on our planet.

H OW to survive and adopt to
changing environmental conditions?

H OW 1o live sustainably?

Life of the future generations is not
something evitable

/
i WE CALL IT A “WILDLIFE
PRESERVE"! KEEPS IN THE
GIRAFFES AND THE LIONS AND
THE ELEPHANTS AND . . .
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The Anthropocene

Evolution Is:
ASurvival

AReproduction
ABiological evolution (material/physical evolution)
A Cultural evolution (evolution of ideas)
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Dependence on natural resources and
services

Solar Energy

Chemical Cycling Biodiversity



Natural Capital

Natural Capital = Natural Resources + Natural Services

Renewable
energy
(sun, wind,
water flows)

Life
(biodiversity)

Nonrenewable
minerals
(iron, sand)

~.tura‘ 938
Oil

Nonrenewable
energy
(fossil fuels)

. Natural resources

G Natural services
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9 Our World
. in Data

How dependent are foods on pollinator insects

No dependency
Yields are not affected
by pollinators

ﬁ Cereals: wheat, maize, rice, sorghum, barley, rye, millet, oats

, Roots and tubers: cassava, potatoes, sweet potatoes, carrots

d, Legumes including lentils, peas, chickpeas

i Fruit and veg including bananas, pineapples, grapes, lettuce, pepper
' Sugar crops: sugar cane and sugar beet

Also includes: areca nuts, asparagus, cabbages, castor oil seed, cauliflower, chicory roots, dates, garlic,
hazelnuts, jojoba seeds, leeks, olives, onions, pistachios, quinoa, spinach, taro, triticale, walnuts, yams.

Little dependency & Fruit and veg including oranges, tomatoes, lemons, limes, papayas
Yield reduction of 0% to 10%
without pollinators

ﬁz Qilcrops including palm, poppy seed, linseed, safflower seed
J Legumes including beans, cow peas, pigeon peas

¢@ Groundnuts

Also includes: bambara beans, chillies, grapefruit, persimmons, string beans

Modest dependency Oilcrops including sunflower seed, rapeseed, sesame, mustard seed
Yield reduction of 10% to 40%
&P Soybeans

without pollinators

‘ Fruits including strawberries, currants, figs, gooseberries, eggplant
@ Coconutsand okra
ﬁ Coffee beans

Also includes: broad beans, karite nuts, seed cotton

High dependency ‘ Fruits including apples, apricots, blueberries, cherries,
Yield reduction of 40% to 20%
without pollinators

mangoes, peaches, plums, pears, raspberries

w Nuts including almonds, cashew nuts, kola nuts

& Avocados

Also includes: cucumber, buckwheat, nutmeg, anise, fennel, coriander

Sources: Marcelo Aizen et al. (2019) and Alexandra-Maria Klein et al. (2006). Icons sourced from Noun Project.
OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.

Bumblebees Honey bees

Long antennae; 2 pairs of wings; round and furry; 8-30mm

Butterflies Moths

Club-like antennae; butterflies rest with their wings closed Feathery antennae; most moths rest wing their wings open

Solitary bees Hoverflies

Short club-like antennae; large eyes; hovers or darts in flight

Beetles Other flies

NG

Wing cases meet in the middle in a T shape

Short antennae; 1 pair of wings; large eyes

5

https://www.open.edu/openlearncreate/pluginfile.php/397496/mod_book/ch
apter/20042/UK-pollinating-insects.png?time=1589443378106




Natural Capital Degradation

Degradation of Normally Renewable Natural Resources

[ Climate Shrinking
change | B forests [N
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THE F’bF’UL‘ATION PARADOX

l

ith some countries expanding and others declining,
are we nearing peak population?

;



Population growth and environmental
Impacts

APaul Ehrlich and John Holdren >>I=PxAxT (Environmental
Impact
APopulation (population size)
AAffluence (abundance per inhabitant)

ATechnological impact per unit of consumption (technological impact
per inhabitant)



Population growth and environmental
Impacts

Low-income family

High-inceome family



The planetary boundaries

CLIMATE CHANGE

CO2
concentration

BIOSPHERE

INTEGRITY STRATOSPHERIC OZONE

DEPLETION

ATMOSPHERIC
AEROSOL

LAND-SYSTEM LOADING

CHANGE

Freshwater use
(Blue water)

Green

water
OCEAN

ACIDIFICATION

The 2025 update to the Planetar)é
boundaries. Licensed under CCBYNC-
ND 3.0. Credit: "Azote for Stockholm
Resilience Centre, based on analysis in
Sakschewskiand Caesar et al. 2025"

FRESHWATER CHANGE

BIOGEOCHEMICAL
FLOWS



https://creativecommons.org/licenses/by-nc-nd/3.0/
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The planetary boundaries

2009

CLIMATE CHANGE % NOVEL ENTITIES
o) (Not yet quantified)

STRATOSPHERIC OZONE
DEPLETION

ATMOSPHERIC
AEROSOL
LOADING

(Notyet quantfied)

LAND-SYSTEM
CHANGE

ACIDIFICATION
FRESHWATER USE

7 boundaries assessed,
3 crossed

Theevolution of the planetary boundaries framework. Licenced under CC B¥NC-ND 3.0 Credit: Azotefor Stockholm

NOVELENTITIES
(Notyet quantified)

STRATOSPHERIC OZONE
DEPLETION

ATMOSPHERIC
AEROSOL
LOADING

(Notyet quantfied)

LAND-SYSTEM
CHANGE

ACIDIFICATION
FRESHWATER USE

7 boundaries assessed,
4 crossed

2023

CLIMATE CHANGE

BIOSPHERE
INTEGRITY STRATOSPHERIC OZONE
DEPLETION

ATMOSPHERIC

LAND-SYSTEM

CHANGE LOADING

Freshwater use
(Blue water)

OCEAN
ACIDIFICATION
FRESHWATER CHANGE

BIOGEOCHEMICAL
FLOWS.

9 boundaries assessed,
6 crossed
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2025

CLIMATE CHANGE

BIOSPHERE.
INTEGRITY STRATOSPHERIC OZONE
DEPLETION

ATMOSPHERIC
AEROSOL

LAND-SYSTEM LOADING

CHANGE

Freshwater use
(Blue water)
Gre

ACIDIFICATION
FRESHWATER CHANGE

BIOGEOCHEMICAL

9 boundaries assessed,
7 crossed

esilience Centre,

Stockholm University. Basedon Sakschewskiand Caesaret al. 2025, Richardson efl. 2023, Steffenet al. 2015, andA Y Ht t ethl.B U

2009).



The Doughnut of social

and planetary boundaries

climate
change

social political
voice

K.Raworth, 2017



The Doughnut of social

and planetary boundaries

B Beyond the boundary
~ Boundary not quantified

eCO

climate
change

LoGlCAL CEIL/NG

water fooy

K.Raworth, 2017
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Coutry overshot day 2025

THE WEIRDEsT
PEOPLE IN THE WORLD

fR A Hia

HOW THE WEST BECAME
PSYCHOLOGICALLY PECULIAR AND
PARTICULARLY PROSPEROUS

JOSEPH HENRICH




Tragedy of the Commons

ADescribes a situation where shared (common) resourcee.g.
land, water, soll, forestB wldl overused and depleted

APrivate property: Individuals or companies hold exclusive rights to land,
minerals, or other resources.

ACommon property: Large groups of people share rights to access and
use certain resources(e.g. public spaces, water resourcesB b

AOpen-access renewable resources: Resources that are not owned by
anyone and are freely available to all, with little or no cost for uge.g. air,
water, soilB b

ATragedy of the Commons occurs when individuals act in their
own self-interest, rather than the common good .




Tragedy of the Commons

ACore Idea

AEach persongains the full benefit of using the resource

ABut the cost of overuse isshared H! WIJ2 131 | YUII3 Wx J¢T + LWa
and eventual depletion

AExample
AEGC! DI WGet gqel DWbimpAYAGG YU we Wet 1IJT WH! L
AEach herder adds more animals to maximize profit
AResult: Y2 131 NI ¢ ARUNDWS WG ¢ UTI W ¥INI ¢l ¢qRYULWS



Tragedy of the Commons

Use of the commons is If one or more users increase Unless environmental
below the carrying the use of the commons costs are accounted for
capacity of the land. All beyond its carrying capacity, and addressed in land use
users benefit. the commons becomes practices, eventually the
degraded. The cost of the land will be unable to
degradation is incurred by support the activity.
all users. \ /

Figure 10.2

Environmental Science
© 2012 W. H. Freeman and Company



Tragedy of the Commons

AKey Characteristics
ANo clear ownership or regulation
AOpen access to everyone
ALack of accountability

AShort-term individual gains vs.
long-term collective loss

AModern Examples
A Overfishing in international waters B
A Air and water pollution
A Deforestation

AClimate change (global
atmosphere as a commons)




Tragedy of the Commons

AWhy I Y Uve @ct?: "No free lunch" and the prisoner's dilemma

( i Prisoners'
[ FREE RIDER PROBLEM ] dilemma NG

The free rider problem is a situation in which someone or some group enjoys the benefits of

} . i . A remain
something without contributing to its production.

confess .
silent

k
< 2] é

:

1 year

DEFINITION EXAMPLE

The free rider problem is an issue confess

faced when individuals or groups

take advantage of public goods
without contributing to their

production.

According to Solo (2014),

"...a free rider problem exists when
an investment has personal costs but
common benefits, leading to
underinvestment by individuals” (p.

195).

Group Projects: In a group project,

some team members may contribute

little, relying on others to do the work

while still benefiting from the shared
grade or outcome.

«'7,

remain
silent

&

2)

© 2010 Encyclopzedia Britannica, Inc.
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Herd Immunity: When a sufficient
number of people get vaccinated
against a disease like whooping cough,
herd immunity is achieved, protecting
even those who refused to be
vaccinated.

HELPFULPROFESSOR.COM 20 years Oyear \l




Tragedy of the Commons

APossible Solutions

APrivatization (clear ownership
rights), G.Hardin

ARegulation by governments
(laws, quotas, taxes)

A Collective management
(community rules & cooperation)
E.Ostrom

Alnternational agreements for
global commons (e.g. Paris Convention on

2 S U
agreementd L9 7 ? B b Biological Diversity




Tragedy of the Commons

AElinor Ostrom , Governing the
Commons_ (1990), which draws on
studies of irrigation systems in e |t
Spain and Nepal, mountain villages A Y
In Switzerland and Japan, and o EET
fisheries in Maine (USA) and Nl ——
Indonesia, she shows that
common natural resources can
also be managed sustainably,
through strategies of cooperation

Pasture communities in Slovenia

and Self 'reQUIatlon . Today, agrarian communities are a centuries-old form
A Ostrom analyz,es the assumptions of | of joint management of certain agricultural areas in
a6 |J WGI"Rt YUl kt Wl RGIJ 0 O « Slovenia. They prove that it is possible to manage
that if the prisoners had talked to each common property such as pastures in a quality manner
other before being interrogated and and at the same time protect the environment. Today,
clarified their stories, this would have more than 80 agrarian communities are still active in all
Completely Changed the outcome of Slovenian regions and the borderlands. Grazing orders
the decision-makmg process. regulate the organization and operation of grazing

communities and regulate obligations as well as the
division of profits among beneficiaries.



Tragedy of the
Commons

ADegrowth is a political, economic
and social movement that
advocates for social and ecological
well -being. This means significantly
reducing the consumption of energy
and resources and advocating for the
well-being of the individual and
society before profit.

AGlobal justice arises from concern
about an unjust world. It demands
a global fair sharing of both
benefits and burdens, without
privileges and arbitrariness of
certain groups.




Sustainable] Developmentb

©

DEVELOPED, DEVELOPING,  GLOBAL NORTH & SOUTH RICH & POOR HIGHINCOME & LOW
UNDEVELOPED INCOME
COUNTRIES
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Carrying Capacity & Human Development Index
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Sustainable] developmentb

A Origin of the wordsustainability: THE LIMITS TO
Amt 2t wlll We G I’.WNr‘]
Antenerews W1 Wa Y WS YOI

5WEet q¢ RU¢C HRGRaq! WI LLIrbG]YLIJoYu e
A The concept of sustainable development has been in use for e

over 50 yearqThe Limits to Growthreport, 1972, published by
the Club of Romg

A Key milestones: R
A 1982: World Charter for Nature m’""“w"“
A 1987: World Commission on Environment and Development R oo
(WCED) report: Our Common Future
A 2000: Millennium Development Goals (MDGS)

A 2015: United Nations Conference on Sustainable Development
gR|o+20 ) 17 Sustainable Development Goals (SDGs) for 2030 the

genda 2030

E nimiGal O4 BL

¢ RU



-Sustalinable
development

IS development that meets the
needs of the present without
compromising the abillity of
future generations to meet their
Ys ULUKIT + HObLL

(World Commission on Environmen t and DevelopmenfWCED)h 7 1 2 UT qa ¢ UT WO Y)Y d Rt + RY UKk ¢

THE WORLD COMMISSION
ON ENVIRONMENT
AND DEVELOPMENT

36



Millennium Development Goals (MDGs)
& Sustainable Development Goals (SDGS)

&1 2

SUSTAINABLE
DEVELOPMENT

GLALS

Erodlocno extteme  Ac hlevo niversal " equalify and
poverty ndhungor primary education empower women
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5 https://www.stockholmresilience.org/research/research -news/2016-06-14-the-sdgs-wedding-cake.html



NO ZERO GOOD HEALTH QUALITY GENDER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY

s

DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED SUSTAINABI.E CITIES 1 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION
AND PRODUCTION

13 CLIMATE 1 LIFE 1 6 PEACE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER AND STRONG FOR THE GOALS
INSTITUTIONS
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What do you
think about
ecoterrorism?
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Sustainablej developmentrb LBy ms
thinking

ASystems Thinking
A Understanding a system as a whole

A Focus on the big picture and how components
work together

AKey Elements of Systems Thinking
A ldentifying system elements (components)

A Understanding relationships between
elements

A Recognizingfeedback loops and processes
created by these relationships

A Observing systems at a higher, aggregated
level




Sustainable N
] development b LLCIL
Systems thinking

A Important Characteristics of Systems

A Multiple processes occur
simultaneously

A Systems aredynamic and changing

A Processes occur atdifferent
levels : large-scale, small-scale

A Changes happenover time

A Why It Matters
A Helps move toward informed
decision-making
A Many current problems are the
result of past solutions



Sustainable] developments
thinking

(1. lllich, 1974)



THE INDUSTRIAL CUP OF TEA

NICLEAR WASTE
AGRICHEMICALS

OIL SPILLAGE
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NO ZERO GOOD HEALTH QUALITY GENDER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY
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DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED SUSTAINABI.E CITIES 1 RESPONSIBLE
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AND PRODUCTION
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OVERSHOOT OF RESOURCES


https://www.monbiot.com/2012/11/19/housebroken/

ESD for 2030

Goal

A ESD for 2038ims to build a more just
and sustainablevorld through
strengthening ESD and contributing to A
thel OKAS@OSYSyud 2F GKS wmt1 {5Da

Objective

A To fully integrate ESD and the 17 SDGs
into policies)earning environments,
capacitybuilding of educators
the empowerment and mobilization of
young people, and loc&vel action.

SCAN ME




