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Learning Objectives:

By the end of this lecture, students should be able to:

» Define concepts & theories related to human-environment interaction
« Explain how humans use and manage natural resources and land

* Apply human-environment interaction concepts to real-world examples
» Analyze how human activities lead to environmental consequences

» Evaluate sustainability using ecological footprint and carrying capacity
» Synthesize how culture influences human-environment interactions

» Assess environmental inequality using environmental justice concepts

Lecture Outline:
1. Foundations of Environmental Geography: Human-Environment Interaction
Human Actions: How Humans Use, Change and Manage the Environment
Measuring Human Impact on the Environment
The Anthropocene and Environmental Consequences of Human Actions

The Relationship Between Natural Environment and Culture
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Uneven Environmental Impacts and Society
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Venn diagram illustrating how human geography connects with physical geography to create the field of environmental geography.



Environmental Geography

From a human geography perspective...

» The study of how humans and the natural
environment interact

» How do humans shape the natural
environment—and how does the natural
environment shape human life?

* Human-Environment Interaction:
* Humans depend on the environment
(food, water, resources)

* Humans adapt to environmental conditions

(climate, terrain)

* Humans modify the environment

(cities, agriculture, industry)

gy

Aerial view over Sao Paulo cityscape
with buildings invading the forest.

Drone aerial view of deforestation ’
in the amazon rainforest in Brazil.

TOP 50 CITIES MOST AT RISK

From coastal flooding and sea level rise by 2050

1-10 11-20 21-30 31-40 41-50

CENTRAL

Map of U.S. cities most at risk from
projected coastal flooding and sea level rise.




Theories of Human-Environment Interaction

« Environmental Determinism:

» The physical environment (e.g., climate,
terrain) controls human culture and societal
development

« Example: People in very cold climates develop
different lifestyles than those in tropical regions

e Possibilism:

» The environment offers human culture many
ways to develop, and choices are guided by
culture, innovation and technology

« Example: Building cities in deserts using modern
technology, irrigation, and air conditioning (e.g.,
Dubai or Las Vegas)

Nature ) Human

The environment limits human choice and determines behavior.

Ak

Human Nature

|

Humans adapt from opportunities set by the environment.



Human-Environment Interactions: Dependence

 Humans depend on the natural environment for living necessities
« Water (drinking, agriculture)
» Food (crops, livestock, fishing)
« Natural Resources (wood, minerals, energy)

* Changes in the environment directly affect human life Fresh water used for agricultural practices.

* Drought - Food shortages NATURALRESOURCES

» Resource depletion - economic challenges

Land

‘ .é"».. s,

SAUAT o e

Animal Resources
L

Water Resources

Precious Metals, Minerals, Rocks

Examples of natural resources.



Human-Environment Interactions: Adaptation

* Humans adjust to how they live to fit the environmental conditions
» Climate (hot, cold, wet, dry)
» Landforms (mountains, coasts, deserts)
« Natural Hazards (floods, storms, drought)

Winter dwelling (igloos) in an Saudis wearing robes to stay cool in extreme heat (desert Houses on stilts to combat flooding
Eskimo village. climate), comply with Islamic modesty standards, and in Cambodia.

honor cultural identity.



Human-Environment Interactions: Modification

« Humans change the environment to suit their needs
 Building cities and roads
* Mining for resources
« Deforestation

« Why do humans modify the environment?
» Access resources
« Support growing populations
 Increase comfort and economic activity

Pivot irrigation
(agriculture) in the
Saudi desert.

Deforestation - the clearing
of forests and trees.

* Impacts can be positive and negative 2>
« Improves quality of life vs. environmental issues

River damming - constructing barriers to store
water, providing benefits like hydropower,
flood control, irrigation, and water supply.



Human Actions in the Environment S

|
%) d-

t Plants Soil ‘)

* Use of Natural Resources: Mmaterials from the earth humans use to

: \ S
meet needs and support economic activity Gima.s e a ‘ CoaD
L \o *
» Types: Y S
- Renewable: can be replenished (solar, wind, water) ® -

2 Science Facks

* Non-renewable: limited supply (coal, oil, natural gas) Examples of the different types of natural resources.

e Connection to Human-Environment Interaction:
« Dependence - we rely on these resources
* Modification =2 we extract and use them

* Key issue:
* Overuse can lead to depletion and environmental damage

' 555D ¥ 5 . La': ‘4. ) P
Mining operations at a metal processing facility.



Human Actions in the Environment: Natural Resources

Natural
Resources
(% of GDP)

>64%
>32%
>16%
>8%
> 4%
>2%
>1%
>0%
0%

World map showing contribution of natural resources to countries’ GDP. Map from:
https://www.reddit.com/r/MapPorn/comments/2d460d/contribution_of natural resources to _edp 1357x617/



https://www.reddit.com/r/MapPorn/comments/2d460d/contribution_of_natural_resources_to_gdp_1357x617/

Human Actions in the Environment: Natural Resources

)

. Food / Drink . Metals / Minerals . Precious Metals / Minerals . Wood Products
. Qil ~ Textile / Appoarel . Machinery / Transportation . Electronics . Other

Source: CIA Foctbook
Simran Khosla/ GlobalPost

-

Top resources produced by each country, but not all necessarily natural resources.
From: https://dhsworldgeo.weebly.com/lesson-9-resources.html
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Human Actions in the Environment

* Change in Land-Use: Modifying the land over-time for certain usage

» Can lead to environmental consequences

Vancouver.

Esri | Sentinel-2 Land Cover Explorer [ Terrain [/ B

Seattle J

Boston

g “iNew York
¢ Philadelphia

Washington

Atlanta

10M LA
ANIMATE

LAND COVER ” tAnimation 4 Dow eoTIFF [/ Publish to ArcGIS
SWIPE O Water © Trees @ Flooded Vegetation

o @ Crops © Built Area @ Bare Ground

IMAGERY 2019 @ Snow/ice @ Clouds @ Rangeland

Interactive land-cover explorer:
https://livingatlas.arcgis.com/landcoverexplorer/



https://livingatlas.arcgis.com/landcoverexplorer/

Human Actions in the Environment

* Managing Resources = Sustainability: Using resources in a way that meets current needs
without depleting them for the future, ensuring long-term availability

Renewable energy use
Water conservation efforts

Sustainable agriculture
Green cities

» Connection to Human-Environment Interaction:
* Management strategy for how we use resources
» Helps reduce negative impacts of human modification

CROP
ROTATION

SUSTAINABLE
AGRICULTURE
STRATEGIES

CROP
BREEDING

Wind turbines used for Sustainable agriculture
renewable energy. methods.

Reducing waste:
Recycling plastics.

Diagram of key components of Environmental Sustainability, highlighting
actions needed to protect the planet's resources and ecosystems.
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Human Actions in the Environment: Sustainability

Share of final energy use that comes from renewable sources, 2022

Renewable energy includes solar, wind, geothermal, hydropower, bioenergy. and marine sources.

Human impact
on the

environment is
uneven across

the world and : D

often leads to Data source: United Nations Statistics Division and International Energy Agency and International Renewable Energy Agency
unsusta’nable OurWorldinData.org/renewable-energy | CC BY
resource uses

Global map of percentage of energy from renewable resources.



Ecological Footprint The Ecological Foolprint

how fast we consume resources and generate waste

* Ecological footprint: the amount of land Pl ot e
and resources needed to support a person’s $ * $
lifestyle how fast nature car absuEOMPcA;EEDchOeMe new resources

» Measures energy use, food consumption,
water use, waste production and other

resources AR

Infographic describing an
ecological footprint.

 |If everyone lived like people did in high-
income countries, then we would need 5.1
multiple Earths....

» Calculate this yourself!
https://www.footprintcalculator.org/home/en

2.6 24

» Large ecological footprints are not
sustainable long-term

\ 4
1.6
1.1
The world is not enough. number Of Earths and USA  Denmark South Germany UK China Bra 2|I Indonesna
: Korea

. . , .

its resources needed ’f the WOl’ld. s pOPUIat_’on Selected countries. Calculated based on 2022 Earth Overshoot Days/2018 data
lived like the following countries. o, ce. Giobal Footprint Network
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N5
A5 o3
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111t


https://www.footprintcalculator.org/home/en

Ecological Footprint

Ecological footprint (global hectares per capita)

10sx<11
9<x<10
8<x<9
7sx<8
6<sx<7
55x<6
4<x<5
3sx<4
25x<3
1sx<2
0sx<1

No data

Global map of the calculated ecological footprint by country.
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IPAT Framework =P XAXT
T T Iechnology

« Formula introduced in 1970s that models human impact as a
product of population, affluence, and technology

affluence
- Impact (I): The overall environmental impact, such as population
ollution, resource depletion, or ecological damage. :
P P . . total impact
» Population (P): The total number of people in a given area. IPAT formula.
* More people = greater resource use
« Affluence (A): The level of consumption per person, often | = x A x T

measured by GDP per capita or resource usage.

» Wealthier life-styles = more consumption and using
energy/resources

Consumption Impact
Impact Populaton) |————mmmMmMmM@M@8@M | ————
Person Consumption

« Technology (T): The efficiency of resources required to
meet consumption, or the impact per unit of consumption
(e.g., carbon intensity).

» Less efficient technology = greater environmental damage

https://www.youtube.com/watch?v=Z1haK55QKJ8




Carrying Capacity

« Carrying Capacity:
The maximum
population a species
can sustain in a given
environment

» Depends on food,
water, habitat and
other resources

» Exceeding it =
environmental
degradation,
consequences and
stress on human
systems

Population

Figure 1: Exponential Growth of Population Size
A Over Time

Unstable

Overshoot ' Equilibrium Degraded

Carrying
Capacity

Carrying Capacity

Exponential
J-shaped curve

Time

Carrying capacity is the
amount of organisms
within a region that the
environment can support
sustainably

Overshoot occurs when the
population growth exceeds
the carrying capacity,
leading to a die off for the
individuals in the
population

Unstable equilibrium is the
fluctuation of the
population above and
below the carrying
capacity, changing based
on the relationship between
natality and mortality

Degraded carrying
capacity may be due to
resource destruction
during an overshoot,
carrying capacity is not
static

Graphical representation of carrying capacity.



Fish landings in tons

Tragedy of the Commons e

» Tragedy of the Commons: an economic 500 000
theory stating that individuals will oo
overexploit shared, finite resources, leading
to their depletion and total collapse

Example of tragedy of the 200000
commons: overfishing
leading to a substantial 100 000

« Commons = resources shared by dectine in fish landings
starting in . = —
everyone (land, water, forests, etc.) : ;

d = X e %\ B R AN
. W~ . Wy —— .~ - - N N
i i v ] -

1850 1860 1870 1880 1890 1900 1910 1520 1930 1940 1950 1960 1970 1980 199C 2000
Source: Milennium Eccsystern Assassment

* Problem: Individuals using too much of a
shared resource = depletion

« Solution: Regulate or privatize resources

More information about tragedy of the commons:
https://www.youtube.com/watch?v=jSUETYEQY68 .
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Anthropocene

The Anthropocene is an unofficial geological epoch, where human activity became the dominant influence on
Earth’s atmosphere, oceans, and ecosystems

» Represent a shift from human-environment interaction to human domination of global geophysical processes
« Evident in global environmental consequences (e.g., deforestation)

The "Great Acceleration” (c. 1950): The sudden, steep rise in human impact indicators, such as population
growth, industrialization, and urbanization

Measures of the Anthropocene: 1750 to 2000 A e
O o o ¥ THE @ikl MES £ XTIVETION
/ EB | [ HOLOCENE  momwre
Sources: New Scientist (October 2008); § NE&;‘;L&W“NE“
Global Change and the Earth System (2004), i _@-f_ S| | —PUOCENE s
International Geosphere-Biosphere Programme 18] = MIOCENE 2
- |PALEOGENE
| = OUGOCENE e |

LR aa e e

‘CARBONIFE:ROUS %

Graph
. P overege rfocstempersture | —PENNSYLVANIAN 238
illustrating , ~MISSSSPPIAN w120
the “Great e

Acceleration”
and example

Representation of
geological epochs,

Water uge e

measures : .

starting to o o o ot 2 S Z with the
; = e Anthropocene
increase

listed at top.

around 1950. 1750 1800 1850 1900 1950 2000



Human’s Influence and Environmental Consequences

* Human actions create chain reactions that impact both the environment and society
« Often multifaceted, complex feedback loops
» Key consequences include: resource depletion, pollution, ecosystem disruption and climate change

Loss of biodiversity
Urbanization . and disruption in
ecosystems
Agricultural
practices with
fertilizer and
pesticides

Fossil Fuel Use




Human’s Influence and Environmental Consequences

« Many global environmental challenges exist, but we will only focus on a few...

https://www.youtube.com/watch?v=jPwAXSZ6uww




Environmental Challenges: Climate Change

Greenhouse Effect Greenhouse Effect:
Normal CO,

More heat
escapes into Less heat
space escapes into

B

Less heat More heat
~ trappedin trapped in

atmosphere [l atmosphere

Solar Radiation_} . Solar Radiation

- Re-Radiated
Re-Radiated | | Heat

Some green-

house gases e

Greenhouse
Gases

Atmosphere

Infographic describing how climate change is accelerated by human-induced activities.



Environmental Challenges: Fossil Fuels

Share of primary energy consumption {rom fossil fuels, 2024

Measured as a percentage of primary energy, using the substitution method.

No data 0% 10% 20%  30% 40% 50% 60% 70% 80%  90%  100%
| I C e S N—

Data source: Energy Institute - Statistical Review of World Energy (2025) QurworldinData.org/energy | CC BY

Fossil fuel usage across the world.



Environmental Challenges: Greenhouse Gases

Greenhouse gas emissions, 2022

Greenhouse gas emissions include carbon dioxide, methane and nitrous oxide from all sources, including
land-use change. They are measured in tonnes of carbon dioxide-equivalents over a 100-year timescale.

1:;‘5'

o~

No data 0t 10 milliont 30 milliont 100 million t 300 milliont 1 billion t 3 billiont 10 billion t
Lz | i i |

Data source: Jones et al. (2024) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY
Note: Land-use change emissions can be negative.

Greenhouse gas emissions across the world.
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Environmental Challenges: Sea Level Rise

https://www.youtube.com/watch?v=6tesHVSZJOg
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Environmental Challenges: Water Scarcity and Quality

Aqueduct 4.0: Overall Water Risk (w_awr_del4)

Overall Water Risk
Hl Extremely High (4-5)
Bl High (3-4)

8 Medium - High (2-3)
Low - Medium (1-2)
Low (0-1)
No Data

Overall water risk, reflecting the value of physical water quantity, water quality, and regulatory and reputational risks. From:
https://eos.org/research-and-developments/we-are-living-beyond-our-hydrological-means-un-report-warns
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Environmental Challenges: Deforestation

GLOBAL MAP  DASHBOARD — HELP~  ABOUT™  BLOG  OTHER TOOLS v
E— g g N
WATCH -
® LEGEND Ml ANALYSIS
romest ¥ i Tree cover gain -2000- 4l @ X North
CHANGE 2020 rth Atlantic
© ® Tree cover gain ific L 9
LAND COVER Select a baseline year for viewing gain tan
data:
*,  —
L3 B
000 2005 2000 2005 3020 -
LaND usE 3
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cLMATE 202
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o
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BIODIVERSITY
0€  canopy density
{ P —
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South
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Malvinas)
. Mapdsta £2026 Google © Magbos © Dgensire

@ mapbox  Google Earth Engine €

Interactive global map with deforestation layers:
https://www.globalforestwatch.org/map/

% forest cover

Lscence20s Q10 20 30 40 50 60 70 80 90 100

2024

Global map of forest cover, and areas in red showing where deforestation is occurring. I COMMODITY PRODUCTION
From: https://drawdown.org/insights/ how-stopping-deforestation-is-a-powerful-emergency-
brake-climate-solution

I FORESTRY

I URBANIZATION

Primary drivers of deforestation across the globe.
From: https://drawdown.org/insights/ how-stopping-deforestation-is-a-powerful-emergency-brake-climate-solution 28
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Environmental Challenges: Biodiversity

& -é’ Biodiversity Risk Filter

WWF

REPUTATIONAL BIODIVERSITY RISK

ENVIRONMENTAL FACTORS

Very low risk Very high risk

WWEF Risk Filter Suite | Oct 2024 | riskfilter.org

Global map of biodiversity risk based on environmental factors. Also an interactive
map, from: https://riskfilter.org/biodiversity/explore/ map
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Environmental Challenges: Biodiversity

Concentrations of imperiled biodiversity

Lowest Highest

Map of where biodiversity is at the highest risk in the US. From:
https://www.nvytimes.com/interactive/2022/03/03/climate/biodiversity-map.html

30


https://www.nytimes.com/interactive/2022/03/03/climate/biodiversity-map.html
https://www.nytimes.com/interactive/2022/03/03/climate/biodiversity-map.html
https://www.nytimes.com/interactive/2022/03/03/climate/biodiversity-map.html

Environmental Challenges: Air Pollution

Counties with the worst air pollution

Mapping average fine particulate matter pollution, 2000-2016. Fine particular matter polluti ists of mi pic particles that come from burning fossil fuels; it can cause respiratory
conditions in people who live in heavily polluted areas.
0 O s
Q Search.
PMz s LEVELS
49.92 153

Source: FindCare, Wu et al. 2020, U.S. Census Bureau + Alaska and Hawail are not included in the study.

COUNTRIES CITIES

Air pollution across countries. Air pollution across US counties.

From: https://www.ecoclimax.com/2015/08/ mapping-global-air-pollution-down-to.html From: https://www.healthline.com/health/allergic-asthma/air-pollution#air-pollution-map

Dynamic, Interactive Map: www.iqair.com/us/air-quality-map
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The Natural Environment and Culture

 Human impact on the environment is shaped by cultural perspectives > How
societies view nature influences whether their actions are sustainable or not

» Integrated view: Nature is part of human life - encourages careful, sustainable use

« Dominance view: Nature exists for human use = can lead to unsustainable misuse

 Traditional Ecological Knowledge (TEK):

» Knowledge of the environment from direct long-term interaction

» Passed orally through generations

» Guides long-term adaptation, sustainability and resource management

« Often tied to cultural identity, spirituality, and community practices

» Combines empirical observations (e.g., animal migration) with cultural values

» Place-Based: tied to a locality and local landscape

» Differs from western science, but often integrated to improve environmental practices

Interviews of individuals from the Great Bear
Rainforest of Canada, showcasing the concepts,
importance and value of TEK.

https://youtu.be/1QRpnHoGivk

attitudes

heliefs
norms

worldviews values

human-nature
relationships

place place

environmental
attachment jdentity

worldviews

human-animal
relationships

vislons of
nature

connectedness
to nature
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The Natural Environment and Culture

TEK Western science
Oral tradition Written tradition
Holistic approach Reductionist
Learned from observation Taught and learned
and experience mostly analytically
Environment: part of Hierarchical and
social, spiritual relationships compartmentalized
Based on cumulative, Based on laws
collective experience and theories
Mainly qualitative Mainly quantitative
Data generated by Data collected by
resource users specialists or experts
Long time within Short time-series
one location over large areas
Integrated and applied to Hypothesis testing
daily living and traditional and

subsistence practices model building

Difference between TEK and western science.



Environmental (in)Justice

» Who gets access to clean air, water, and land?
* Who is exposed to pollution and hazards?

Environmental risks are often unevenly distributed - Some communities face greater exposure to hazards

Environmental justice: examining fairness in how environmental benefits and harms are distributed

Environmental Racism: Environmental injustice linked to race and discrimination

» Unequal targeting of communicates of color for environmental harm

» Placement of hazardous facilities
» Exposure to toxic waste and pollution
« Exclusion from environmental decision-making

Environmental Racism Is Nothing New

Race is the most

significant predictor s :
of a person living near Q
contaminated air,

water, or soil. II ‘

of the population near
toxic waste sites are
people of color.

fa more likely to

live without
potable

water and

higher modern
nitrogen-  sanitation.
A \ # Jull dioxide
- e, People of color: S ZosLe
kg e Have of their claims against polluters
l\&t 1211, seen 95% denied by the EPA.

Infographic with statistics resembling environmental justice and racism.

Black, Hispanic, and Asian Americans are much less likely to
report good water and air quality in their communities
Percentage who report always or mostly good environmental conditions in their communities

Bl White H Black Hispanic I Asian

All Americans... Urban residents only...

70% 70% 70% 69%
61% 03% 61%
54% 54%
a8y, 50% . 50% 50%
43%, 6% 45%
0,
I I 40/0 38% I

Air quality Tap water quality Amount of noise Air quality Tap water quality Amount of noise

pollution pollution

oll was conducted September 9-15, 2021, using the Ipsos KnowledgePanel® M

Graph of survey responses on various types of good environmental conditions by race. 34

©Ipsos  Source: Axios-lpsos Hard Truths Environmental Racism p
2,184 U.S. adults were surveyed for the study



Environmental (in)Justice - Other Case Studies

» ArcGIS Storymap on different environmental justice tools:

https://storymaps.arcgis.com/stories/fe5b1a919ca54a33a351b87a6ecfcd08

» ArcGIS Interactive Map Experience: Environmental health disparities across Washington State:
https://experience.arcgis.com/experience/d133fa97a3854f8eac905ec152f16b05/page/Measures
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Uranium mining on Navajo land: Over
500 abandoned uranium mines (AUMs)
exist across the Navajo Nation.

Poﬂul!gn Ilqz_grg.r in DC (sec a trend?)

) i
Y T

Ivy City historic Crummel School threatened by bus depot
5 trash transfer stations

Kenilworth Landfill / Superfund Toxic Waste site
(park next to public housing)

Benning Road site: power plant (closed in 2012)
incinerator (closed in 1994), likely new incinerator site
also, a contaminated site, affecting groundwater
Buzzard Point Power Plant (closed in 2012)

Anacostia River polluted by military sites, landfills,
and raw sewage from combined sewer overflows

Navy Yard toxic waste sites and contamination of Anacostia
Capitol Power Plant

5%
i
e
(n e
f,‘_{
O,

Aanin
Percent Black . 4.
(2010 Census)

25-204
231 -437 —Jukasr
447 -854 o
6.8 -85.5 15
855-99.2

2

Blue Plains Sewage Treatment Plant (world’s largest)

www.Encrgylustice.net/dc/

Pollution hazards in DC: Note the spatial distribution of trash transfer
stations among Percent Black census tracts.

A UW study revealed that formerly redlined
neighborhoods across the U.S. still have worse air
quality: https://www.seattletimes.com/seattle-
news/environment/uw-study-links-higher-levels-of-
toxic-pollutants-to-seattles-redlining/

Levels of pollution compared to
predominantly white neighborhoods

In the 1930s, the Home Owners’Loan Corporation (HOLC) graded
neighborhoods on an A-to-D scale: “A” indicated lowest financial risk to
lenders and “D" indicated highest risk to lenders. In a recent study, "X"
indicated ungraded regions, primarily industrial areas that today have
a population. Values shown are percentage points over or under the
level of the pollutant in Grade A areas.

Grade B GradeC M GradeD M X
58
40%
26
20%
15
12 12
5 2l 0
Ultrafine Black Nitrogen Fine particulate
particles carbon dioxide matter

Source: University of Washington AILEEN CLARKE / THE SEATTLE TIMES
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