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Environment and Sustainability Learning Objectives 

1. Define environmental science and identify the disciplines 
that it draws from. 

2. Describe environmental literacy and the environmental 
problems that this literacy helps us to solve. 

3. Outline the United States’ environmental history and 
understanding of Earth systems. 

4. Recognize how our individual actions as a species 
impact our planet and identify the potential for living 
sustainably. 

Professor Commentary
Sticky Note
By the end of this lecture, you should be able to confidently:

1.Define environmental science and identify the disciplines it draws from
2.Describe environmental literacy and the environmental problems that this literacy helps us to solve. 
3.Outline the United States’ environmental history and understanding of Earth’s systems. 
4.Recognize how our individual actions as a species impact our planet and identify the potential for living sustainably. 




Lecture Objective 1

 

 

 

 

Objective 1: Define 

environmental science and 

identify the disciplines that it 

draws from. 

Professor Commentary
Sticky Note
Lecture Objective 1. By the end of this portion of the lecture, you should be able to define environmental science and identify the disciplines that it draws from. 




Environment Definition

       
     

 

Environment = specific set of physical and biological 
conditions in a given time and space that support the 
growth, development and reproduction of life 

Professor Commentary
Sticky Note
We must first think very broadly about the environment. We can define the environment as a specific set of physical and biological conditions in a given time and space that support the growth, development and reproduction of life. All of these conditions are working simultaneously in order to support all of the life on Earth even though we often do not see these processes, or we may overlook their existence.  Here we see two organic multicellular organisms, a tree and grass.  We also “see” the Earth’s atmosphere, which is composed mostly of nitrogen and oxygen, and small amounts of argon, carbon dioxide and trace gases.
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Physical Environment = incoming 
radiant energy of the sun, air, water, and 
soil minerals, all of which are required 
for life on Earth 

Biological Environment = 
encompasses organic molecules (they 
have C-H bonds), organisms, and their 
relationships with one another 

Nitrogen, N2 
Oxygen, O2 
Carbon dioxide, CO2 
Water, H2O 

Plants 
Microbes 
Insects 
DNA 

Sunlight 
Minerals 

RNA 
Proteins 
Lipids 

Professor Commentary
Sticky Note
The environment is composed of both physical elements and biological elements.

The physical environment are the inorganic components such as the incoming radiant energy of the sun, air, water and soil minerals. All required for life on Earth. 

The biological environment encompasses the organic components. The plants, the animals, all of the organisms and their interactions with one another on Earth. 
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Image from NASA Earth Observatory, Public Domain. 

Environmental Science = the 
interdisciplinary study of humanity’s 
relationship with other organisms and
Earth 

Environmental science relies on a combination of 
natural sciences, social sciences, and humanities 
in order to better understand the planet and to 
discover solutions to environmental problems. 

A combination of many disciplines such as 
biology, geography, chemistry, physics, geology, 
economics, engineering, anthropology, 
agriculture, politics, ethics, literature, psychology, 
and many more are needed to work together. 

https://en.wikipedia.org/wiki/Environmental_science
Professor Commentary
Sticky Note
Environmental science is an interdisciplinary study of humanity’s relationship with other organisms and Earth. 

Let’s break down this definition as both parts are essential to understanding the field. 

As an interdisciplinary study, environmental science relies on a combination of natural sciences, social sciences, and humanities in order to better understand the planet and to discover solutions to environmental problems. 

Environmental science is focused on humanity’s relationship with other organisms and Earth.  We must recognize our niche within the environment and the relationships that we have with other organisms.  We must also recognize and understand how we are part of Earth’s systems. 





Empirical Science

 

  
  

   

   
    
    

    
     

 

 

-Image from Panek, CC BY SA 4.0. 

Environmental science is 
a fundamental science 
based on empirical 
evidence. 

Fundamental science seeks to 
develop information and theories to 
explain, understand and predict 
natural phenomena.   

Empirical evidence is based on 
data and information collected from 
observations and experimentation. 

https://en.wikipedia.org/wiki/Field_research
https://creativecommons.org/licenses/by-sa/4.0/
Professor Commentary
Sticky Note
Environmental science is a fundamental science based on empirical evidence.  Fundamental science is sometimes referred to as basic science or pure science.   

This means that it is based on data and information collected from observations and experimentation. Scientists and researchers work in laboratories and in the field to collect samples, make and record observations, and conduct experiments to provide us with data that can be used to understand the environment and make predictions about natural phenomena. 




Applied Science

     
       

   
   

     

  
 

  
    

   
   

Image from Kenueone, Pixabay. 

Environmental science is 
an applied science. 

Applied science uses scientific 
knowledge to inform resulting 
actions, develop technologies and 
generate positive changes. 

Fundamental science determined the best 
material to manufacture the wind turbine blade 
and optimum wind speed. 
Applied science built and operated the wind 
turbine to create clean electricity from wind. 

https://pixabay.com/photos/electricity-sun-wind-1330214/
Professor Commentary
Sticky Note
Environmental science is also an applied science. This means that environmental science seeks to apply the knowledge gained from observations and experiments to inform resulting actions and develop technologies with the ultimate goal of generating positive change.  Here we see how fundamental and applied science fit together to design, build and operate a wind turbine to generate electricity.  Fundamental scientists discover new materials that can be used to manufacture a wind turbine and applied scientists build and operate the wind turbine.    




Lecture Objective 2  

Objective 2: Describe 

environmental literacy and the 

environmental problems that this 

literacy helps us to solve. 

Professor Commentary
Sticky Note
Lecture Objective 2. By the end of this portion of the lecture, you should be able to describe environmental literacy and the environmental problems that this literacy helps us to solve. 




Environmental Literacy

 

     
     

 

Environmental Literacy = understating natural systems 
and environmental problems in order to make informed 
decisions involving sustainability and the environment 

Image from NOAA, Unsplash. 

https://unsplash.com/photos/UgWcvfl4q5I
Professor Commentary
Sticky Note
Everyone and everything is linked on Earth. Scientists work to understand and describe complex environmental systems so that we can make informed and knowledgeable decisions about environmental issues. It is important for for all people to be informed and knowledgeable about scientific discoveries so that we can understand environmental issues and make wise decisions in our everyday lives.  Literacy is the ability to read and write and we all recognize that literacy is absolutely essential for our success.  The same is true for environmental literacy.  It is absolutely essential for the success of our planet.  

Throughout our course you will read and learn about many well-respected sources of information that you should take advantage each day to learn a little bit more about life on Earth.  Here you see a photograph of a mother polar bear and her twin cubs searching for their favorite source of food, seals.  This image was provided by NOAA, the National Oceanic and Atmospheric Administration a well-respected source for information on climate change, polar bears and sea ice. 




Today’s Environmental Challenges

 
 
 

 
  

  
 

  

  
   

  

 
 

  

 

Today’s Environmental Challenges 

• Energy production • Hazardous waste 
• Climate change • Human population growth 
• Food production • Loss of habitat and 
• Food waste biodiversity 
• Air pollution • Urbanization and 
• Water quality and quantity transportation 
• Ecosystem conservation • Environmental inequality 

and preservation and justice 
• Fossil fuel mining 

Professor Commentary
Sticky Note
Today we face a significant number of environmental challenges that threaten life on Earth.  There are millions of different species living on Earth.  All of the environmental problems that we face today were caused by just 1 species in particular.  That species is Homo sapiens, that species is us!   Human activity and doing what we do everyday results in long term environmental problems that need to be taken seriously if humanity expects to continue to live on Earth.    

The examples shown represent a few of the most important issues that scientists are studying today.  Scientists are making observations, conducting experiments, and publishing their discoveries for the world to read.  It is important that we read about and learn about their work so that we can develop solutions, engineer new technologies, and work together to make life better for us today and better for future generations. 




Anthr c Definition

    

        

       

opogeni 

Humans are an environmental force, and our activities impact Earth systems 

Anthropogenic = caused by or related to human action 

Image from Ryoji Iwata, Unsplash. 

https://unsplash.com/photos/IBaVuZsJJTo
Professor Commentary
Sticky Note
Humans are an environmental force, and our activities impact our planet and its many ecosystems.  Human activity has directly and indirectly caused changes to our biophysical environment.  Scientists estimate that over 100-billion humans have lived on Earth so far.  Today we have about 8-billion people alive on Earth.  Humans have been modifying and changing the environment to fit our needs for tens of thousands of years, going back to our earliest civilizations.  Our activities have had a profound impact on Earth’s natural systems and in many instances have resulted in negative outcomes for other species that inhabit Earth, for our air, water and soil, and for future generations of humans who will also have to rely on Earth to live.  




Wicked Problems

       

             
     

   

         
       

         
   

       
           

Most environmental issues are referred to as “wicked problems” 

Wicked Problems = problems that are difficult or impossible to solve due to 
their scale and complexity (social, economic, environmental considerations) 

Wicked problems are multifaceted 

1. There are many causes. Each cause by itself is challenging to address. 
2. There are many consequences. This makes finding one solution often 

impossible. 
3. There are many possible actions to take. Each possible action comes with 

different associated trade-offs (pros versus cons). 
4. The effects of wicked problems are felt differently by different groups. Groups 

and individuals will often differ in their opinions on how to solve these problems. 

Professor Commentary
Sticky Note
There are many environment problems caused by human activity, and scientists are trying to develop solutions.  You may be wondering -- why don’t we have solutions yet? What is taking so long? 

These are complicated questions and most environmental issues are considered wicked problems. 

Wicked problems are issues that are difficult or impossible to solve due to their large scale and complexity. Wicked problems are multifaceted. This means:

1.There are many causes. Each one is challenging to address. 
2.There are many consequences. This makes finding one solution difficult. 
3.There are many possible actions. Each possible actions comes with different associated trade offs. 
4.Wicked problems are also felt differently by different groups. Groups and individuals will often differ in their opinions on how to solve wicked problems. 
●
For example, if we consider global climate change, there are many causes. Burning fossil fuels, deforestation, methane, etc. There are many consequences. Rising sea levels, droughts, wildfires, more powerful hurricanes, etc. There are many possible actions and many trade-offs. If we tried to reduce our use of fossil fuels, we would need another way to generate energy. This would require significant investments, new infrastructure, would result in a loss of jobs related to fossil fuels, would require new technology and job training, etc. 

There is never a single “quick fix” to the wicked problems. These problems require multidisciplinary approaches, collaboration between professionals from many different fields working together to develop solutions that are complex and take a long time to complete.  




Triple Bottom Line
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Robust, versatile and innovative 
solutions are needed to solve 
wicked problems. Solutions must 
not only consider the 
environment, but how they will 
impact society, and the economy. 
This is known as the triple bottom 
line. 

Triple Bottom Line = 
considering the combination of
environmental, social, and 
economic impacts of our 
choices and decisions 

Image by Clonewayx, CC BY-SA 4.0. 

https://commons.wikimedia.org/wiki/File:Triple_Bottom_Line_graphic.svg
https://creativecommons.org/licenses/by-sa/4.0/
Professor Commentary
Sticky Note
Solutions to wicked problems, must be robust, versatile and innovative. Solutions must not only consider the environment, but they must also consider how they will impact society, and the economy. 

This is known as the triple bottom line.  This is the combination of the environmental, social, and economic impacts of our choices as consumers and members of society.  The best solution is one that minimizes environmental damage, maximizes economic benefits and is socially equable.  Such a solution often eludes us.      




Social Traps

      

 
 

  
   

  
  
  
   

   

    
    

    
  

    
   

 

 

Social Traps = decisions that 
seem good in the short-term 
but lead to negative 
outcomes in the long-term 
Choices that are made by individuals or 
groups can result in short-term benefits 
but later cause long-term consequences 
for society. 

Commercial 
fishing uses high-
tech methods and 
gear (e.g., GPS, 
sensors, nylon 
nets) to increase
catch and provide 
more fish to 
consumers at 
cheaper prices. 

Image from C. Ortiz Rojas, NOAA. Public Domain. 

https://en.wikipedia.org/wiki/Overfishing
Professor Commentary
Sticky Note
Solutions to environmental problems are made even more challenging as we can often fall into social traps.

Social traps are decisions that we make that seem to be good in the short-term but end up causing harm and damage in the long term. Typically, the short-term gains are made by individuals or specific groups and the long-term consequences are endured by all of society.  

A good example is the fishing industry.  Consumers want nutritious and tasty fish at cheap prices.  To keep up with demand, the fishing industry uses high-tech methods and gear to increase the number of fish they catch.  Fish reproduction can’t keep up with the large numbers of fish being caught so that over several decades the fish populations plummet.  The solution to this social trap is sustainable fishing practices, such as fish quotas, laws, and the prevention of illegal fishing practices to avoid overfishing a species.  




Social Trap Examples
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Tragedy of the Commons Time Delay Sliding Reinforcer 

Image by Sharon Loxton, CC BY SA 2.0. 

open range 

Shared natural resources 
are not owned by anyone 
but individuals who try to 
maximize benefit harm 
the resource for 
everyone. 

Image by gryffyn m, Unsplash. 

clear cut logging 

The passage of time 
shifts a natural resource 
from positive to negative 
over time as it is not able 
to be regenerated at a 
fast enough rate. 

Image from Pxhere, CC0. 

pesticides 

Solutions that are helpful 
at first backfire and 
become more harmful 
over time. 

https://pxhere.com/en/photo/704292
https://unsplash.com/photos/axE5o1Xh7_Q
https://en.wikipedia.org/wiki/Tragedy_of_the_commons
https://creativecommons.org/licenses/by-sa/2.0/
Professor Commentary
Sticky Note
Here are examples of three common social traps. 

First, we see tragedy of the commons. This occurs when all individuals have access to a common resource and each individual acts in their own self-interest with no concern about anyone else. They attempt to maximize their own benefit and as a result, they end up harming the common resource that everyone is sharing. An example is many different farmers using an open-range for their cattle.  Cows roam freely to eat the grass regardless of ownership.  If each farmer has 1 cow, the grass is able to regenerate and feed all the cattle.  However, if one farmers adds 100 cows the rangeland then it can’t regenerate its grasses in order to feed the additional cattle, the open range is degraded and there isn’t enough grass to feed all the cattle.    

The next social trap is time delay. This resource looks at the passage of time when a natural resource shifts from positive to a negative consequences over time.  An example of time delay social trap is when timber is harvest from a forest in an unsustainable manner.  At the beginning the timber company is generating a lot of revenue from all the trees they cut down and harvest for building material.  The trees can’t regrow fast enough, which leads to deforestation and destruction of the ecosystem and no more trees for the timber company.  

The last example is the sliding reinforcer. This social trap involves practices that may be beneficial at first but then backfires overtime and become more harmful. An example is the use of pesticides in agriculture to kill pest insects that eat crops. Humans create a new pesticide to spray on crops and kill harmful pests, which works good for a decade or two.  However, pesticides never kill all the pests and over time those insects evolve resistance to the pesticide and no longer die.  We fall into the trap of having to re-create new pesticides as populations of resistant insects grow. 





Lecture Objective 3

 

   

 

 

Objective 3: Outline the United 

States’ environmental history 

and understanding of Earth 

systems. 

Professor Commentary
Sticky Note
Lecture Objective 3. By the end of this portion of the lecture, you should be able to outline the United States’ environmental history and understanding of Earth systems. 




Land Bridge Theory

 

  

  

Image from NPS, Public Domain. 

Human migration route
~20,000 years ago 

https://www.nps.gov/bela/learn/historyculture/the-bering-land-bridge-theory.htm
Professor Commentary
Sticky Note
During the last ice age, sea levels were low which led to the formation of the Bering land bridge.  Paleolithic hunter-gathers are believed to have migrated from Asia to North America over this land bridge about 20,000 years ago.  These humans spread south to Central America and South America and east to North America’s interior.    




Earl Inhabitants

 

   

  

  
 

      
      

     
      

      
    

-Image by Twid, CC BY SA 3.0. 

Image by David Spender, CC BY 2.0. 

y 

Early inhabitants (pre-1500) 

Early inhabitants of the Americans 
included many indigenous populations 
that were conscious of the nature that 
existed all around them and understood 
their place within the ecosystem. They 
were experts in hunting and gathering. 
They had a keen understanding of their 
natural resources and were stewards of 
the land. 

https://en.wikipedia.org/wiki/Indigenous_cuisine_of_the_Americas
https://creativecommons.org/licenses/by-sa/3.0/
https://commons.wikimedia.org/wiki/File:Amazing_Maize.jpg
https://creativecommons.org/licenses/by/2.0/
Professor Commentary
Sticky Note
Native inhabitants of the Americans were hunters and gatherers of natural resources, like fish, deer, and berries. They created tools to hunt and fish and were experts regarding native plant uses as foods and medicines. They practiced land stewardship where no land was owned by individuals or groups, they were conscious of their place within nature and strived to live in harmony with the natural world around them.  They understood that the sustainable use of natural resources would ensure their long-term survival in their new land.  




Colonization and Westward Expansion

 
 

   
 

  

 

    
  

   
   

  
  

  
 

  
  

     
       

    
   
      
     

     
 

     
     

   
  

   

Europeansmigratedwest 

of American bison 

Am e r i c a n b i s o n 

There were 25 to 
50-million bison 
living in North 
America before the By the late 

1800s the 

1800s 

Colonization and Westward 
Expansion (1600s - Late 1800s) 

When Europeans first settled in what is 
now the United States, the vast land 
was seen as an unending supply of 
natural resources to exploit. Settlers 
moved west and began claiming land, 

1600s arrival of Europeans America bison planting crops, harvesting timber and were almost in the 1600s 

extinct hunting and trapping wildlife. 
Skull s from dead 
American bi son 

The ideas of “Manifest Destiny” forced 
indigenous communities out, 
slaughtered bison and other native 
species and damaged the environment. 

Images by Cephas and Rufus46, CC BY-SA 3.0. 

https://en.wikipedia.org/wiki/Bison_hunting
https://en.wikipedia.org/wiki/American_bison
https://creativecommons.org/licenses/by-sa/3.0/
Professor Commentary
Sticky Note
Beginning in the 16th century, Europeans, mainly from Spain, France, and Great Britain, began colonizing the Americas.  This colonization lasted until the late 1800s and with it came big changes to the landscape and its natural resources.   Once Europeans settled in this new land, they quickly built colonies and expanded westward. They brought with them more modernized agriculture and ideas of land ownership. Native Americans who had lived on the land for thousands of years were forced out as European settlers took control.

In the 1800’s, ideas of Manifest Destiny drew people from the east coast to the western United States where they believe existed an unending supply of land and natural resources to occupy and exploit. Settlers moved west and took with them an anthropocentric view of the land and its natural resources.  They took what they wanted with no regard for future generations, and in the process, they killed many native animals and native plant species, including tens of millions of American bison.  Before the year 1800, scientists estimate there were 25 to 50-million bison living in North America.  By the late 1800s the American bison had been hunted to near extinction, representing a loss of tens of millions of bison in less than 100 years.  

In this slide you see a man standing on top of a huge pile of bison skulls. This image is from 1892 in the western United States. These skulls were awaiting processing to be used for products such as fertilizer, ink, or even burned to be used in the process of sugar refining. By the late 1890s very few bison remained in the United States.  Yellowstone National Park had one of the last free-ranging bison herd in the United States and its population was a mere 23 individuals.    

Today, because of conservation efforts, we are fortunate to have some healthy populations of bison living in the United States.  For example, the bison herd living in Yellowstone National Park consists of around 5,000 bison.  While this is a far cry from the tens of millions of bison that once roamed the United States, it is still important for us to protect the biodiversity of our planet no matter how few individuals of a species exist.   




Resource Management and Preservation
  

 
     

      
     

  

       
   

   
  

   

   
   

   

      

Image by Henry Wellge, Public Domain. 

Yellowstone National Park was established in 1872 

Resource Management and 
Preservation (Late 1800s – Early 
1900) 
At the end of the 19th century, individuals 
began seeing the negative effects that 
expansion had on the environment and 
natural resources and the need for 
preservation became evident. 

Lands began to be set aside to create 
national parks, environmentally focused 
governmental agencies and groups were 
formed. Early naturalists and writers 
helped influence these decisions. 

https://commons.wikimedia.org/wiki/File:Yellowstone_National_Park_by_Wellge,_1904.jpg
Professor Commentary
Sticky Note
At the turn of the 19th century, after settlers had spread throughout the country and towns and cities grew all over the United States, our citizens began to see the effects that human expansion was having on the environment and our natural resources.  They saw that our nation’s natural resources, such as forests, lakes, wildlife, were being depleted fast.   The saw a need to protect natural resources for future generations, to preserve and protect our lands and waters, and protect nature and wildlife from human development. Early naturalists and writers played an important role in conservation efforts and the establishment of our national park system.  Land began to be set aside and protected from human use.

Yellowstone National Park became the first national park when it was established in 1872.  Today, Yellowstone National Park spans an area of 3,500 square miles in parts of three states, Wyoming, Montana and Idaho, and is comprised of lakes, rivers, geothermal springs, canyons, forests, prairies and mountains.  The park also boasts hundreds of species of mammals, birds, insects, fish, reptiles and amphibians.    

When the United States set up our national park system it also began creating government agencies, like the U.S. National Park Service and U.S. Geological Survey, to focus on environmental work, natural resources and conservation efforts around the country.




Pollution Concerns

  

  

       
       

        
        

      
       

         
       

     

      
       

     
       

   

 

     

Pollution Concerns (1960s – 1980s) 
In the 1960’s and 1970’s the United States began to 
see the effects of decades of unchecked pollution and 
exploitation of our natural resources. There was an 
increase in the manufacturing, use and discharge of 
toxic chemicals into our nation’s waters and air. In 
addition, we saw an increase in environmental 
disasters like oil spills, and river fires. This caused the 
U.S. public to demand legislation to protect our 
environment, wildlife, water and air. 

In the early 1970s, landmark laws were passed by the 
U.S. Congress, Clean Water Act, Clean Air Act and 
Endangered Species Act. The U.S. Environmental 
Protection Agency (EPA) was created in 1970. 

Image from USPS, Public Domain. 

Image from EPA, Public Domain. 

New York City skyline filled with smog 1973 

https://www.epa.gov/transportation-air-pollution-and-climate-change/accomplishments-and-success-air-pollution-transportation
https://en.wikipedia.org/wiki/Environmental_movement_in_the_United_States
Professor Commentary
Sticky Note
In the 1960’s and 70’s the United States began to see the effects of decades of unchecked pollution and overuse of our natural resources. Individuals saw the impact of this pollution in their daily lives.  For example, the Cuyahoga River in Ohio caught on fire over a dozen times in the 1960s from industry dumping oil directly into the river.  Smog in major cities, foul odors coming from our lakes and rivers water increased public pressure on the U.S. government to regulate industry, stop pollution and protect our nation’s water and air.  

In addition, the 1960s saw an increase in the manufacturing and use of human-made chemicals and substances that were being used in everyday products. The impacts that these synthetic compounds had on public health and environmental health was poorly understood.  There was a public movement for the U.S. Congress to pass legislation that would protect the environment and protect public health.

The U.S. Congress acted and passed landmark laws such as the Clean Water Act, the Clean Air Act and the Endangered Species Act.  These laws were implemented to protect air and water resources.  In addition, congress created the U.S. Environmental Protection Agency (EPA) tasked with the protection of the environment, environmental research and education, and the enforcement of environmental laws.    





Environmental Movements and NGOs

  

 
  

  

     
    

   
      

   
   

     
     

   

  
 

  

Environmental Movements 
and NGOs (1970s – 1980s) 
As the public began to recognize the 
gravity of environmental problems, a 
modern environmental movement was 
born. In the 1970’s and 1980’s, a variety 
of environmental non-governmental 
agencies (NGOs) were formed. NGOs 
operate on local, national, and 
international scales to represent a wide 
variety of environmental issues. 

Environmental NGOs Examples 

• Greenpeace 
• Environmental Defense Fund 
• Global Footprint Network 

• International Union for 
Conservation of Nature 

• World Wildlife Fund 

• Wetlands International 

Professor Commentary
Sticky Note
In addition to government agencies like the EPA, non-governmental agencies (NGOs) were formed in the 1970s and 80s.  NGOs, like Greenpeace, and the World Wildlife Fund, were formed with the goals of stopping the degradation of Earth’s natural resources, protect native plants and animals, conserve nature, and reduce humanity’s negative impact on the environment.     




Image by L.tak, CC BY-SA 4.0. 

International Efforts 

 

     
    
    

     
    

 
   

   
   
   

 

 

 

    
     

 

  
 

 
 

International Efforts 
(1980s - Today) 

To ultimately improve our planet for 
the future, international cooperation 
and coordination is essential. 

Conventions have been held over time 
to develop international agreements to 
work towards international 
environmental improvements. These 
include agreements such as the 
Montreal Protocol (1987), Kyoto 
Protocol (1997) and the Paris 
Agreement (2016). 

EUUSA China 

India 

Goal to limit 
mean global 
temperature 
to no more 
than +2 o C 

Paris Climate Accords (2016) 

USA, China, EU, India 
account for 70% of all 
greenhouse gas 
emissions 

https://commons.wikimedia.org/wiki/File:ParisAgreement.svg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
Professor Commentary
Sticky Note
Today, we see global environmental issues, such as climate change, galvanizing the international community into collaborative efforts to protect our planet. Such endeavors require international coordination and cooperation among countries, especially wealthy countries like the USA, China, India and the European Union. 

Conventions, meetings, and summits have been held over the past there decades between countries in order to work together towards international environmental laws and improvements. These efforts are challenging, and success can be difficult to achieve, but we have seen success with these international treaties.  For example, the Montreal Protocol, which was signed in 1987, is focused on protecting Earth’s ozone layer.  Over the past 35+ years, the Montreal Protocol has been successful at decreasing the concentration of ozone-depleting chlorofluorocarbons.  Scientists believe the hole in Earth’s ozone layer will be completely healed by 2050. 

This map shows the parties that have committed to the 2016 Paris Agreement, also known as the Paris Climate Accords.  This is an agreement between 196-member countries that was signed in 2016 with the goal to limiting mean global temperature to well below 2 degrees Celsius, preferably to 1.5 degrees Celsius, compared to pre-industrial levels.  Greenhouse gas emissions should be reduced as soon as possible and reach net-zero in the second half of the 21st century.  The four major players, which will largely determine the success or failure of the Paris Agreement are the United States, China, India and the European Union.  This is because these countries account for approximately 70% of all greenhouse gas emissions on Earth.  




Pew Research Center

Our environmental history is complex 
and full of milestones that have brought 
us to where we are today. 

Our nation’s view of the natural 
world has greatly changed over time 
and will likely continue to change.

• Anthropocentric View (1800s) 
• Biocentric View 
• Ecocentric View (Today)

What stage are we at today? 

Current Stage

USA today has Ecocentric View of Earth

https://www.pewresearch.org/fact-tank/2020/04/21/how-americans-see-climate-change-and-the-environment-in-7-charts/
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Our nation’s environmental history is complex and full of milestones that have brought us where we are today. Our view of the natural world has greatly changed over time and will likely continue to change into the future as we face new environmental challenges.  Early in the history of the United States, we had an anthropocentric view of our planet.  This human-centered view believes that humans are the most important entity in the universe.  Natural resources are ours to take now, let future generations worry about the problems (such as deforestation, extinction of animals, pollution of air and water) that we create.  Today the majority of Americans have an ecocentric view of our planet.  This view values nature and its biotic living elements (like plants and animals) and abiotic nonliving elements (like air and water).  The biocentric view is somewhere in between and sees inherent value in all biotic living elements of our planet.   



Objective 4: Recognize how our individual 

actions as a species affect our planet and 

identify the potential for living 

sustainably.

Lecture Objective 4 

Professor Commentary
Sticky Note
Lecture Objective 4. By the end of this portion of the lecture, you should be able to recognize how our individual actions as a species affect our planet and identify the potential for living sustainably. 




Thijs Stoop, Unsplash.

Humans influence the biological and physical 
environment in many ways. Negative impacts 
include:

• Deforestation
• Pollution
• Overpopulation
• Burning of fossil fuels

We impact the environment every day both in 
terms of our individual choices and actions 
and our collective choices and actions.

How have humans impacted 
our planet?

Humans Impact

Fossil fuels used for 
transportation

Fossil fuels used to 
generate electricity

Greenhouse gases
Sulfur dioxide
Mercury 

Smog

Urbanization

https://unsplash.com/photos/A_AQxGz9z5I
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If any alien from outer space observed all creatures living on Earth, they would likely conclude that humans are the most invasive species on the planet.  It is nearly impossible to find a place on our planet that hasn’t felt the impacts of humanity.  Our species, Homo sapiens, as wonderful and intelligent as we are, have influenced Earth’s biological and physical environment environment in countless ways, and our actions have impacted the health and wellbeing of our planet more than any other species that inhabited Earth. 

Many of our actions have been extremely negative to the wellbeing of Earth.  Several examples include deforestation, air and water pollution, overhunting and overfishing, and the mining, production and burning of fossil fuels.  We impact Earth’s environment every day both in terms of our individual choices and actions and in terms of our collective choices and actions.   In this picture we see several examples of how everyday human activity impacts Earth’s air, water and biodiversity.  When we consider that our population is now at 8-billion people, it is easy to see how our collective choices and actions can have profound impacts on our planet.      




Image from NOAA, Public Domain. 

There are many ways that 
researchers can measure and 
track the impact that humans 
have had on the Earth.

Global atmospheric CO2 levels 
have increased over the past 
150 years.  In 2021, the 
concentration is approximately 
410 ppm. 

The annual increase of 
atmospheric CO2 over the past 
60 years is 100 times faster 
than caused by natural 
processes.

Global CO2 levels

Temperature 
is increasing

Carbon dioxide 
is increasing

1.6-billion 
humans

7-billion 
humans

https://en.wikipedia.org/wiki/Planetary_boundaries
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There are many methods, tools, and instruments that scientists use to identify, track and measure our impact on Earth. 

One example is how scientists study the concentration of carbon dioxide (CO2) in our atmosphere over time and how CO2 levels have changed.  Scientists want to understand CO2 in the atmosphere because it is a potent greenhouse gas that humans produce when we use fossil fuels for electricity generation, agriculture, transportation and manufacturing.  

Here is a graph from scientists at the National Oceanic and Atmospheric Administration (NOAA).  NOAA is a U.S. governmental agency tasked with monitoring Earth’s oceans and atmosphere.  This graph clearly demonstrates that atmospheric CO2 concentrations (shown as a black line) have increased over the past 150 years from around 290 parts per million in 1880, when measurements were first made, to over 380 parts per million in 2010.  Today, the concentration of CO2 is around 410 ppm.  The bar graph shows that global mean temperatures, shown in blue or red, have increased from an average of around 57.5 oF in 1880 to 58.5 oF in 2010.  Thus, we see how increasing CO2 levels are related to increasing global temperatures, which is commonly referred to as global warming.  It is also important to note that the world population was at 1.6-billion people in the year 1880 and in 2010, our population reached 7-billion.  Today the world population at 8-billion people.    More people requiring more food, more water, more energy and producing more waste and more pollution.         




Image from Ninjatacoshell, CC BY-SA 4.0.
Rockström, et al., Nature, 2009.

As of 2009, three boundaries, 
climate crisis, biodiversity loss 
and nitrogen cycle, have already 
been crossed and aren’t 
sustainable.  Ocean acidification, 
freshwater use and deforestation 
are also a concern for us. 

Planetary Boundaries Framework 
= idea that Earth’s processes 
contain environmental boundaries 
in which levels of human impact can 
be measured to keep us within safe 
operating zones 

Planetary Boundaries Framework

Sustainable human development 
stays within the green circle

https://commons.wikimedia.org/wiki/File:Planetary_Boundaries_2015.svg
Professor Commentary
Sticky Note
The planetary boundaries framework is the concept involving Earth system processes that contain defined environmental boundaries in which the level of human impact can be measured.  The framework sets threshold levels within each zone to keep us within safe limits to allow for sustainable human development while simultaneously sustaining the ability of Earth’s natural systems to provide the natural resources and ecosystem services on which the economy and society depend. 

Planetary boundaries are set for climate change, ocean acidification, freshwater use, chemical pollution, etc. 

This graphic shows that each zone has experienced different levels of damage.  This damage impacts its overall operation and ability to keeping our planet healthy. 

As of 2009, three boundaries, shown in red, have already been crossed: climate crisis, biodiversity loss and nitrogen cycle.  Those regions shown in green are within safe planetary boundaries and if we stay within these limits sustainable development will be achieved.  The scientists who proposed this framework believe that crossing one or more planetary thresholds will be very damaging and even catastrophic, due to the risk of crossing limits that trigger non-linear, abrupt environmental changes.  Such changes will impact our way of life by effecting our ability to grow food, the quantity and quality of freshwater resources, and result in increased numbers of natural disasters like hurricanes, fires and floods.  




Forests
Carbon Footprint

Food Production
Urbanization

Fisherieshttps://www.footprintcalculator.org/

Ecological Footprint measures 
sustainability, how much and how fast 
we consume natural resources and 
generate waste. 

Ecological Footprint = 
measurement of the land 
required to produce the 
resources we need and 
absorb the waste we 
produce as an individual 
or as a community

Ecological Footprint

Small footprint = Good = Sustainable

Big footprint = Bad = Unsustainable

https://www.footprintcalculator.org/
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One way to measure our impact on the planet is by measuring our ecological footprint.  This tool also allows us to measure our individual impact on the environment in terms of the natural resources we use and our waste production.  These include things like foods we produce and consume, products and services we purchase, water use, transportation, energy production and use, plastics, and the waste we produce.   

An ecological footprint is a measurement of the land required to produce all the natural resources we use and absorb all the waste we produce as an individual or as a community. The ecological footprint tracks the productive land types that we consume.  Consumption includes fisheries, urbanization, agriculture cropland/pasture, energy production, and forest products.  

Here is a link to a footprint calculator that allows you to calculate your ecological footprint based on the natural resources you consume and the waste you produce. 




Image from Bradshaw, et al. CC BY 4.0.

While more research is 
required to understand 
humanity’s impact on Earth, 
this is what we do know:

• Geographic locations are 
impacted differently and to 
varying degrees

• Human populations and 
the populations of other 
species are impacted 
differently and to varying 
degrees

• Global human demand 
and consumption is 
currently greater than 
Earth’s regeneration rate

What we know

Damaged Healthy

https://en.wikipedia.org/wiki/Human_impact_on_the_environment
https://creativecommons.org/licenses/by/4.0/
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While more research is required to understand humanity’s impact on Earth, this is what we do know:

1.Geographic locations are impacted differently and to varying degrees. 
2.Human populations and the populations of other species are impacted differently and to varying degrees
3.Global human demand and consumption is currently greater than our planet’s ability to regenerate the natural resources we consume.  Humans unfortunately aren’t showing signs of decreasing our consumption.

This graph provides a summary of major environmental-change categories shown by percentage change. Red color represents damage and lost of a natural resource. Blue color represents resources that are healthy, intact, remaining or otherwise unaffected.  The category on this graph that is most damaged is wild mammals, as the graph shows in red that 70-75% of all wild mammals are extinct or threatened with extinction.  The category on this graph that is healthiest is threatened species, the graph shows in red that only 10-15% of these species are at risk of extinction.  




= 100,000 m2 = 0.1 km2

Ecological footprint of 1 
person living in USA

Total Area = 9,250,000 km2

USA

USA population
330,000,000

Carrying Capacity = population size that an area can support 
indefinitely

Carrying Capacity

Area required 
to provide 

resources and 
absorb waste

USA’s Ecological Footprint = 330,000,000 people x 0.1 km2 = 33,000,000 km2

1 person 
living in USA 
uses 0.1 km2

to provide 
their natural 
resources and 
assimilate 
their waste
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What happens if a country’s ecological footprint is greater than the natural resources that it has within its borders?  We say that country has exceeded its carrying capacity.  A country’s carrying capacity is the population size that it can support indefinitely using its own natural resources. 

If the country is wealthy, and it can’t provide all the goods and products that its citizens want, the country will import and consume natural resources from other countries. Wealthy countries, like the United States do this.  We import natural resources like coffee, nuts, fruits, meats, minerals, oil, precious metals, lumber, in order to provide the foods and products that our citizens consume each day.  This is how Americans live beyond our carrying capacity, we import a lot of goods from other countries.  This costs a lot of money, the USA is a wealthy country and we can afford to do this.    

Let’s do a little back-of-the-envelope calculation of the carrying capacity and ecological footprint of the United States. The United State’s population is approximately 330,000,000 people. The United States’ total land contained within all 50 states is approximately 9,250,000 square kilometers. 
 
The ecological footprint for one person living in the United States is approximately 100,000 square meters or 0.1 square kilometers.  This means that each individual living in the USA needs 0.1 square kilometers of land to provide the resources that we use and assimilate the waste that an individual produces.

There are 330-million Americans, each requires 0.1 square kilometers, 330-million times 0.1 = 33-million square kilometers is the total area required for everyone living in the United States.   33-million is much bigger than 9.25 million, we are living beyond our carrying capacity and the only reason we are able to do this is because we import so many goods and products from other countries.   




= 10,000 m2 = 0.01 km2

Ecological footprint of 1 
person living in China

Total Area = 9,250,000 km2

China

China population
1,400,000,000

Let’s look at China and see how it compares to the USA

China Carrying Capacity

China’s Ecological Footprint = 1,400,000,000 people x 0.01 km2 = 14,000,000 km2

1 person living in 
China uses 0.01 
km2 to provide 
their natural 
resources and 
assimilate their 
waste
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Now, let’s look at another wealthy and powerful country, China and see how it compares to the United States.  On the world stage, the U.S. and China are the two major players in terms of power, wealth, and influence.  

China’s population is roughly 4-times larger that of the United States at 1.4 billion people. China’s total land area is roughly the same size as the USA at around 9,250,000 square kilometers. 

However, the ecological footprint of one individual living in China is approximately 10,000 square meters, or 0.01 kilometers squared, which is dramatically smaller (10%) than an individual living in the U.S.   

So, someone living in China has a smaller ecological footprint but we need to remember that there are so many more people living in China, around 1.4-billion.  So, the total ecological footprint of China is 1.4-billion times 0.01, which equals 14-million square kilometers. This area is bigger than 9.25 million, the total area of China and so even China is living beyond its carrying capacity and the only reason they are able to do this is because they also import goods and products from other countries.   




China’s 1.4-billion people have a
total ecological footprint of 
14,000,000 km2, which is about 
1.5-times larger than China itself

Image from NASA, Public Domain.

The USA’s 330-million people
have a total ecological footprint of 
33,000,000 km2, which is about 
3.5-times larger than the United 
States itself

The USA and China both consume more resources than what 
they have within their borders = unsustainable development

Country Comparison

If all 8-billion 
humans lived 
like a person 
living in the 
USA, we’d 
need 6 planets

If all 8-billion 
humans lived 
like a person 
living in China, 
we’d need 1.5 
planets

https://visibleearth.nasa.gov/images/57723/the-blue-marble
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Both the United States and China are living beyond our means, this is unsustainable and if we keep living like this Earth will run out of resources and pollution will become so bad that public health will suffer.  It takes an area 3.5-times larger than the United State’s to produce the natural resources that we use and assimilate the waste we produce.  It takes an area 1.5-times larger than China to produce the natural resources they use and assimilate the waste they produce. 

There are 8-billion humans living on Earth today.  If every person lived like a someone from the USA we would need 6 Earths to provide all the natural resources and assimilate the waste that is produced.  To live like a person in China, it would take 1.5 Earths.  We have a problem with consumption, we need to solve it and we better solve it quickly.        




Image from NASA, Public Domain.

We only have 1 planet

Have we already passed 
Earth’s carrying capacity?

What will life on Earth look 
like for future generations?

Have we reached carrying capacity?

8-billion humans live on Earth today

https://visibleearth.nasa.gov/images/57723/the-blue-marble
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There is only 1 Earth!   Different countries, different people impact the world around them differently.  The way that communities, societies and cultures consume natural resources and produce wastes varies.  And a lot of times these differences are based on how wealthy a country is.  This is something we need to consider when we think sustainable living and when we think about the future of our planet.  Have we already reached our planet’s carrying capacity?  If we have, can we recover?  And what will life on Earth look like for future generations?  




Population Control Local Biodiversity

Greater biodiversity aids in each 
of these functions providing more 
energy, more matter, and better 
population control. 

If populations get too large, they can 
cause damage to the environment. 
Keeping a population in check can 
help preserve resources for all. 

Renewable Energy Recycling Matter

Matter can be recycled and 
reused; it is important that we not 
use it faster than it can be 
recycled.

Energy cannot be recycled; 
ecosystems need constant sources 
of energy. New inputs are needed in 
order to sustain life. 

What does a sustainable system look like?

Sustainable System
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Sustainability is a very important concept that we absolutely must embrace if we, as a species, are going to continue to exist and thrive on our planet.  How can we create and maintain sustainable natural systems that will provide for our continued survival and provide for us indefinitely?

What does a sustainable natural system look like?  There are several important steps that humanity can take in order to live sustainably.   

1.Using renewable energy is essential. Energy is being constantly consumed by organisms on Earth and new inputs are in constant need. Renewable energy such as solar, wind, hydroelectric, hydrogen fuel cells and geothermal can provide clean and constant sources of energy.
2.Recycling matter, such as plastic and aluminum to make something new, using natural products like glass, ceramic, cotton, and consuming these natural resources at a rate at which they can be replenished. 
3.Population control. When populations become too large, including the human population, they degrade and damage the environment. Maintaining healthy population numbers is a way to preserve natural resources and help keep pollution in check. 
4.Protecting local biodiversity. Greater biodiversity within the ecosystems helps provide more energy, provide more matter and provide greater population control. Each individual species plays a specific and important role in the greater ecosystem and its important for the health of our planet that each individual is present within its niche, fulfilling its natural function, which allows natural systems function properly.  




Chewy, Unsplash. 

The best examples of sustainable systems are 
provided within nature itself. 

By studying and understanding natural systems, 
we can engineer our own sustainable systems, 
methods and techniques to produce clean 
energy, use matter sustainably, maintain a 
healthy human populations, minimize the 
production of waste, and rely on local resources 
to preserve biodiversity. 

What does a sustainable system 
look like?

Nature as Example

https://unsplash.com/photos/OHV_IT371vI
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The best examples of sustainable systems are visible within nature itself. By studying and understanding Earth’s systems, we can engineer our own sustainable systems, methods and techniques to produce clean energy, use matter sustainably, keep human populations in check, minimize our production of waste and rely on local resources to preserve biodiversity. 




The two major obstacles to sustainable development are:

1. Unsustainable development: trade-off between short-term 
gain and long-term costs

2. Wealth inequality: 20% of world’s population controls 80% 
of Earth’s resources

Obstacles to Sustainable Systems

Sustainable System Obstacles
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Two of the major obstacles to sustainable development and living in a manner that protects our planet for future generation are: lack of education and wealth inequality.
●
We often make decisions that are focused on short-term gains rather than long-term implications.  For example, I want electricity now, but it requires that I mine and burn coal to get the electricity, which will cause water pollution and climate change for someone future generations.  My gain present gain is another person’s loss. This isn’t sustainable and future generations will suffer from near-sighted decisions that focus solely on immediate needs and wants without considering the implications of these actions on the rest of our planet.      

The second obstacle to sustainable systems is wealth inequality or the unequal distribution of wealth.  20% of the world’s population controls 80% of Earth’s resources. There are 8-billion people living on Earth.  The wealthy 20% (1.6 billion people) make decisions that impact the remaining 80% (6.4-billion people).  And its these 6.4-billion people that suffer the consequences of the wealthy because environmental issues, such as air pollution and water pollution, impact poorer communities most.  

The environmental justice movement seeks to ensure the same degree of protection from environmental and health hazards for all people and to provide equal access to the decision-making process in order to have a healthy environment for everyone to live, learn, and work.  The U.S. EPA Office of Environmental Justice is an example of a governmental agency that seeks to advance environmental justice in the United States.




Image from Tony0106, CC BY-SA 3.0.

Distribution of Wealth Map

Percent of 
population 
living on 
less than 
$2 per day

https://commons.wikimedia.org/wiki/File:Percentage_population_living_on_less_than_$2_per_day_2009.png
https://creativecommons.org/licenses/by-sa/3.0/
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This map shows the distribution of wealth by country.  Wealthy countries are shown in blue colors.  Low-income countries are shown in red colors. Those countries shown in maroon color have 61-80% of their people living on less than $2 per day.  Those countries shown in dark maroon have over 80% of their people living on less than $2 per day.   




Ecocentric Worldview = the entire ecosystem is most important including all biotic 
factors (living organisms) and abiotic factors (water, air, minerals, energy)

Biocentric Worldview = all life (biotic factors) has an intrinsic value and should be 
protected

Anthropocentric Worldview = human lives and needs are most important

A person’s worldview will determine their environmental ethics, their decisions, 
actions, interactions with the environment and views on environmental issues.

Environmental Worldviews

Environmental Worldviews
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Environmental ethics is a branch of philosophy that seeks to understand the moral relationship of human beings to the environment and its non-human elements.  People can have three different views of the environment.  An anthropogenic worldview considers human lives and human needs as the most important.  A biocentric worldview believes all life has an intrinsic value and should be protected.  An ecocentric worldview values the entire ecosystem as most important and seeks to protect all biotic and all abiotic factors on Earth. 




While our beliefs and views of the 
environment are important, its our  
actions that are most important to 
sustainable development. 

What will sustainability look like in 
the future?

Sustainability Actions
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Our actions, sustainable or unsustainable, will determine what life looks like for future humans and non-human species alike.  This 2016 survey from Pew Research Center shows that while most Americans (75%) are concerned with helping the environment in their daily actions, only 20% make an effort all the time, while 63% make an effort some of the time.  With 330-million Americans, it is important that we strive to turn our beliefs and views into actions 100% of the time to ensure the future success of our country.      





