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WHAT IS 
SUSTAINABILITY?
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LINGUISTICALLY

Refers to systems and processes that are able to operate and persist on 
their own over long periods of time

• As an adjective: “able to continue without interruption”
• Latin verb: sustinēre – “to maintain, sustain, support, endure”

• From the roots: sub “up from below” and tenēre “to hold”
• Early ties to forestry and mining in Germany (1713)

Enduring into the long-term future



REALISTICALLY

• Sustainability goes beyond 
environmentalism – applies to 
all systems

• Complex, interrelated systems
• “wicked problems”
• E.g. does poverty cause 

environmental destruction or 
does environmental destruction 
cause poverty?



MODELS OF 
SUSTAINABILITY

“Triple Bottom Line” Model



Models of Sustainability



MODELS OF 
SUSTAINABILITY

“Three Pillars” Model



MODELS OF 
SUSTAINABILITY

“The Nested Hierarchy” Model



STRONG VS. WEAK SUSTAINABILITY

“The Nested Heirarchy” Model

• Human capital and natural capital are 
complementary but not interchangeable

• Economic activity cannot continue without 
resource inputs from the natural 
environment (i.e. no substitutes for natural 
capital)

Mobile User



What’s missing from these 
definitions?

Elements of:

• Technology
• Political systems
• Corporations and consumers
• Scale – temporal, spatial?
• Individual accountability
• Anything else?

Mobile User



SDG THEMES: 5P 
MODEL

“development that 
meets the needs of the 

present without 
compromising the ability 
of future generations to 
meet their own needs”

- The Brundtland 
Commission



SUSTAINABLE SYSTEMS
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SYSTEMS THINKING

• The study of sustainability is the study of systems – a 
coherently organized set of interconnected elements 
that make up a whole

• The properties of the whole cannot be predicted by 
looking at the parts

• Emergent properties arise from the relationship and 
interactions between the parts

• Systems are nested within other systems

What is the 
term for this?



SYSTEMS THINKING: CAPACITY

• Carrying capacity: the maximum number of 
individuals a given environment can support 
indefinitely.

• Ecological footprint: the demand placed on nature for 
resources consumed and wastes absorbed. This figure 
is expressed as land area.

• Carrying capacity is the inverse of EF

• We are currently operating at 140% of our capacity 
globally. We are in overshoot



SYSTEMS THINKING: CAPACITY

Herman Daly identified 4 conditions to avoid overshoot

1. maintain the health of ecosystems (our life-support 
systems)

2. use renewable resources at a rate no faster than they can 
be regenerated

3. use nonrenewable resources at a rate no faster than they 
can be replaced by the discovery of renewable substitutes

4. and emit wastes and pollutants at a rate no faster than 
the rate at which they can be safely assimilated



CARRYING CAPACITY

• Humans have overshot Earth’s carrying capacity –
depleting resources and producing waste at 
unprecedented rates

• Natural capital – the resources and services provided by 
the Earth system

• Renewable resources – can support human activities 
indefinitely as long as we do not use them at a faster 
rate than they can regenerate

• Natural capital provides ecosystem services, the 
biological functions that support life



RESILIENCE

• Resilience science originated in 
the field of ecology

• “At the heart of resilience thinking 
is a very simple notion – things 
change” – Walker and Salt (2006)

• Resilience is the capacity of a 
system to accommodate 
disturbance and still retain its 
basic function and structure

• The capacity to cope with change



RESILIENCE

• A resilient system adapts to changes 
without losing it’s essential qualities

• Resilient systems:
• Are self-organizing
• Feature diversity, modularity and 

connectivity
• Can apply to ecosystems (forests, 

oceans) or social systems (cities, 
nations)

• Diversity gives a system flexibility



SUSTAINABILITY VS. RESILIENCE

• Interrelated but not synonymous concepts
• Complementary frameworks that work toward the same goal
• Sustainability: identifies long-term goals, develops strategies to 

achieve them, evaluates using indicators
• Resilience: emphasizes change as a normal condition, 

recognizes that a system may exist in multiple stable states, 
focuses on building adaptive capacity

“Sustainability prioritizes outcomes; resilience prioritizes process” – Charles Redman



The Planetary 
Boundaries
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In 2009 a group of scientists undertook a 
collaborative research effort to define crucial 
processes and global boundaries to ensure the 
planet remains in a stable “safe operating space”
The following are the 9 planetary boundaries which 
are interconnected – typical of complex systems



Biosphere 
Integrity

Ocean 
Acidification

Biogeochemical 
Flows

Freshwater 
Change

Land System 
Change

Climate Change Novel Entities
Ozone 

Depletion Aerosol Loading

Mobile User



Mobile User



So how did we get here?
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ENVIRONMENTAL HISTORY
The study of human relationships to the natural world

• Can economic growth and 
ever-improving standards 
of living continue?

• Thomas Malthus - “An 
Essay on the Principle of 
Population” (1798)



KEY MOMENTS IN TIME – the 1800s

Henry David Thoreau – one of the 
first Americans to question the 

belief that nature and its resources 
were inexhaustible

George Perkins Marsh – used 
scientific reasoning to show how 

the rise and fall of past civilizations 
were connected to overuse of 

resources

John Muir – a naturalist who 
explored the North American 
wilderness. Championed the 
idea of national parks to save 

wilderness



FROM CONSERVATION TO 
ECOLOGY

Theodore Roosevelt (US president from 1901-1909)

• A passionate conservationist
• 1903 – established the first National Wildlife Refuge
• Antiquities Act to protect the Grand Canyon

In the 20th century, the science of ecology 
blossomed. The focus shifted from objects to 
relationships and connections
Ecology – Greek word “oikos” meaning household



The Environmental 
Movement
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SILENT SPRING

• The start of the environmental 
movement in the 1960s and 1970s

• Rachel Carson’s “Silent Spring” 
kicked off the movement in 1962 –
documenting destructive effects of 
pesticides on the environment



THE CUYAHOGA RIVER ON FIRE



THE 1970S
1972: Limits to Growth report raised 
awareness of the Earth’s physical limits to 
growth
1970’s: first ever Earth Day. This led to years 
of activism and participation
1970s:” Worldwatch Institute, Greenpeace, 
NRDC were founded
1970s: Love Canal in the US puts 
environmental threats from hazardous waste 
in the public spotlight



ENVIRONMENTAL JUSTICE

1982: Warren County, North Carolina

▪ Disposal site for polychlorinated 
biphenyls (PCBs), a toxic chemical

▪ The neighbourhood was primarily 
African American – raising issues of 
environmental racism

▪ Protests began immediately
▪ In 1987 Ben Chavis published a 

report on racial justice, “Toxic 
Wastes and Race in the United 
States” 



EJ IN CANADA

The Story of Grassy Narrows

https://www.youtube.com/watch?v=9E06pWtCHIg&t=3s

Mobile User



Modern and Future 
Sustainability
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Global
• In 1968 the Apollo 8 mission sent 

astronauts around the moon
• On December 24th, the astronauts 

entered the lunar orbit planning to take 
photos of the moon’s surface

• They looked up to see the Earth rising 
over the moon’s horizon and took a photo

• “Earthrise” reached Earth by a live 
broadcast

• People began to use the term “spaceship 
Earth” as a reminder that this world on 
which we live is finite and the only home 
we have



Modern Sustainability

• The 1990s and 2000s were lively years in 
the field of sustainability

• Numerous sustainability-related 
organizations were established, and 
educational institutions began offering 
environmental programs

• Sustainability science became a 
recognized discipline

Mobile User



Future Sustainability
• The Anthropocene – a new 

geological epoch and 
unprecedented period in which 
human activity has become the 
primary driver of planetary change

• We are no longer in the Holocene –
a period of warm and stable climate 
conditions between ice ages when 
humans developed

This course will 
examine sustainability 

as an integrative 
concept: and the 
social, cultural, 

political, and economic 
factors within the 
constraints of the 

biophysical 
environment



ENV210
Sustainability

Lecture 2: The biosphereWinter 2026



Agenda

01

04

02

05

03

Announcements

Ecological Sustainability

Ecosystem Services

Climate Change

Deniability?

07
06

Classifying Resources

Anthropocentrism vs Ecocentrism

08 Natural Resource Management



Ecological Sustainability
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Sustainalism – a multifaceted 
concept of sustainability, covering its 
evolution, laws, principles, as well as 
the different domains and challenges 
related to achieving it in the modern 
world

Strengths and drawbacks of 
capitalism, socialism and communism 
have failed to address sustainable 
development. 

A holistic approach is necessary.

Hariram, N. P., Mekha, K. B., Suganthan, V., & Sudhakar, K. (2023). Sustainalism: An Integrated Socio-Economic-Environmental Model to 
Address Sustainable Development and Sustainability. Sustainability, 15(13), 10682. https://doi.org/10.3390/su151310682



Or “Ecological domain”























Ecosystem Services
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Anthropocentrism vs. 
Ecocentrism
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Are we in 
the 6th

mass 
extinction?



Climate Change
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What evidence do we have?

• While Earth’s climate has changed throughout its history, the current warming is happening at a 
rate not seen in the past 10,000 years.

• According to the Intergovernmental Panel on Climate Change (IPCC), "Since systematic 
scientific assessments began in the 1970s, the influence of human activity on the warming of 
the climate system has evolved from theory to established fact."1

• Scientific information taken from natural sources (such as ice cores, rocks, and tree rings) and 
from modern equipment (like satellites and instruments) all show the signs of a changing 
climate.

• From global temperature rise to melting ice sheets, the evidence of a warming planet abounds.

NASA, 2024

https://www.ipcc.ch/
https://science.nasa.gov/climate-change/evidence/#footnote_1




Climate Deniability
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McMahon, R., Stauffacher, M. and Knutti, R., 2015. The unseen uncertainties in climate change: reviewing comprehension of an IPCC scenario graph. Climatic change, 133(2), pp.141-154.

“…novice readers were 
unable to identify the two 
different types of 
uncertainties in this graph 
without substantial 
guidance.”

“Novice readers on the other 
hand, not having this 
background could only 
describe what they saw, 
which wasn’t as informative, 
“There is just one black line 
and then there are many 
coloured lines, and 
something grows and 
distributes I think””











Classifying 
resources
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Natural Resource 
Management
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Take-home messages

• Ecosystem services are the provisioning, regulating, supporting and cultural 
benefits provided from healthy ecosystems

• Anthropocentrism views humans as the most important element of the Earth’s 
system

• Ecocentrism and biocentrism take a more holistic approach
• Climate change is the most noticeable signal of global environmental change
• Despite robust scientific evidence, climate change denial is prominent… 

communication?
• We can classify resources based on type, renewability or economic 

classification
• There are 4 main approaches to sustainable natural resource management
• Sustainable energy is about minimizing impacts and maximizing social benefits



Questions
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Students wanted for a study on Students' Experiences of 
Resilience in the Post-Secondary Context

We are looking for research participants who are:

→ Ages 17-35 years old

→ Current undergraduate or graduate students at the University of Toronto, and

→Live in Toronto (or greater Toronto area)

Participation involves completing the same online survey twice in Winter 2026 and potential 
participation in a 60-90-minute online focus group discussion.

You will earn $20 for completing both surveys ($10 each) and an additional $20 for 
participation in the focus group!

If you are interested in participating this study, please email us at 
oise.studentwellness@utoronto.ca

This study has been approved by the University of Toronto Ethics Board (Protocol #00049495).
Principal investigator: Dr. Chloe Hamza (chloe.hamza@utoronto.ca). We are based out of the Ontario Institute for Studies in Education.

mailto:oise.studentwellness@utoronto.ca
mailto:chloe.hamza@utoronto.ca


Land Acknowledgement

We wish to acknowledge this land on which the University of Toronto 
operates. For thousands of years it has been the traditional land of the 
Huron-Wendat, the Seneca, and the Mississaugas of the Credit. Today, 

this meeting place is still the home to many Indigenous people from 
across Turtle Island and we are grateful to have the opportunity to 

work on this land.
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The three pillar model: 
recap
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MODELS OF 
SUSTAINABILITY

“Three Pillars” Model



poverty

health

overpopulation
Resource depletion

Food and water scarcity

Political instability

Destruction of the biosphere



Human impacts
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Anthromes

• “anthropogenic biomes”
• Human systems with 

natural ecosystems 
embedded within them

• Cover more than 75% of 
Earth’s ice-free surfaces

• Classified by combinations 
of land use and human 
population density



Ellis et al. 2021 PNAS anthromes.orgAnthromes 12K (DGG v1)Pastoral

Urban
Mixed settlements

Dense Settlements Residential 
Populated 
Remote 

Residential irrigated
Residential rainfed
Populated
Remote 

Rice
Irrigated
Rainfed

Villages

Densely Settled Croplands Rangelands Cultured Wildlands

Inhabited drylands

Residential woodlands
Populated woodlands
Remote woodlands

Woodlands

Intensive

Drylands
Ice

2017 CE

P = Population 
density
T = Land use     

Ecosystems = f(P,T)



Measuring Human Impact

• Environmental scientists 
summarize the drivers of 
environmental degradation 

• Developed by Paul Ehrlich and 
John Holdren in 1971

• Which nations have the most 
room for improvement?

• Which component poses the 
greatest threat?

I = P x A x T x S

Impact

Population
Affluence

Technology

Society



Population through time
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Early Homo sapiens

• First appeared on the planet 150,000 years 
ago (contested)

• Survived as “hunter-gatherers”
• Short life expectancy
• Population was small and limited by 

available food
• What were the conditions of the Earth like?
• The most recent ice age ended 12,000 

years ago, pushing us into the Holocene 
EpochFossils of early Homo sapiens found in 

Morocco (Callaway, 2017, Nature)



Key moments in time: The agricultural 
revolution
• Shift from hunting and 

gathering to growing crops 
and raising domestic 
animals

• Settled in villages
• Food storage
• Complex societies with:
• Distribution of labour
• Social hierarchies
• Trade



• Launched in the mid 
1700s with the 
harnessing of fossil 
fuels

• Petroleum products
• By 1804 the world’s 

population reached 1 
billion

• Improved sanitation 
and the development 
of vaccines led to a 
drop in infant 
mortality

The industrial revolution and medical 
advancements



Exponential Growth

• If the population growth rate remains steady, the size 
of our population will increase by larger numbers with 
each generation

• The “rule of 70” can be used to estimate the doubling 
time of human population. 70 / growth rate = 
doubling time

• The global population growth rate has fallen – today it 
is slightly over 1%. 

How long will it 
take for the 

population to 
double?



Demography

• Population ecology: the study of growth, decline and changes in populations. When 
applied to human populations, this field is known as demography.

• Birth rate: the total number of people born in a given year
• Total fertility rate (TFR): the number of children born per woman during her lifetime
• Replacement fertility rate (RFR): the number of births per woman that will keep the 

population size constant at zero population growth

• For humans, the RFR is 2.1 (to compensate for infant and child mortality)
• This means if the TFR drops below 2.1, human population will decline
• If it even slightly exceeds 2.1 human population will experience exponential growth



Demography

• Worldwide fertility rate in 1960 
was 4.3 children per woman 
(peak growth rate)

• By 2000 the fertility rate 
dropped to 2.6 worldwide

• In developed/industrialized 
nations, fertility rates are now 
at or below the replacement 
level

• Global populations continue to 
grow – particularly in 
developing/pre-industrialized 
nations.





Future populations

Demographers predict 4 trends in the 
world’s human population over the next 
50 years:

1. The population will be older than it 
was in the previous century and 
bigger than it is now

2. It will continue to grow but at a slower 
rate

3. Migrations will continue
4. Populations will be increasingly urban



Future populations

• Virtually all future growth will be in urban areas
• In the next 15 years, the world’s rural population will remain approximately 

constant (3 billion) while the world’s urban population will double (from 3 to 6 
billion)

What implications will this have in Canada? Globally?

https://padlet.com/alannabodo/what-implications-will-predicted-urban-growth-have-qsej75mfiim9uoxt
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The demographic 
transition
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The demographic transition

• Several elements of the transition to a sustainable world 
are inextricably connected: population growth, social 
inclusion and a new economic model

• The demographic transition: a period of population 
growth that occurs as countries move from one stage of 
development to the next

• Developing societies: high birth rates, high death rates
• Developed societies: low birth rates, low death rates

What factors drive this transition?



Social progress

• Factors affecting high birth rates are poverty and lack of 
education → lead to perpetual poverty and lack of opportunity

• 3 dimensions of social progress that are essential to stabilizing 
populations:
• Education
• Employment
• Reproductive health

• These are also most
important predictors of 
falling birth rate

SWEDD program, World Bank (2019)



Policy 

• National laws and policies drive improvements in social 
progress and stabilizing the population

• Thailand, Iran, Brazil all have public policies that have 
prioritized these outcomes

• China had the world’s most controversial population policy
• It was successful in population control but led to 

infanticide and a disproportionate amount of elderly 
people and makes

Like all complex systems, this highlights the need for a holistic approach 
to sustainable populations



Economics
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Economics

• With the advent of agriculture, the idea of 
ownership appeared – of surplus food, of land 
and the exchange of labour and money

• The industrial revolution brought oil, natural 
gas and an explosive increase in consumer 
goods – sparking economic growth

• 1776 – “The Wealth of Nations” by Adam Smith 
asked why some nations had become much 
wealthier than others.

• Smith proposed that individuals acting purely 
out of self interest are guided by the markets



• Over the 19th century economic was the 
focus of classical economists like Thomas 
Malthus (recall Lecture 1) and Karl Marx
• Asked whether growth could be 

continued indefinitely or were there 
limits?

• Industrial production ramped up during 
WW2 – a period filled with scientific 
discovery and invention

• Society adopted pesticides, plastics, TV 
sets, refrigerators, air conditioning – all 
supported by inexpensive and efficient 
energy

• Development was now possible in whole 
new regions

History.com


