
  
COURSE SYNOPSIS:  

The course will be a presentation of the critical issues currently facing humanity and its sustainability on Earth. 
Humans have always had a dualistic relationship with Earth, both relying upon it for its many natural resources and 
fearing it for its natural hazards. In addition, humans are now in the position of being the largest agent of geologic change 
on the planet’s surface. It has always been the case that, as the philosopher Will Durant said, “Civilization exists by 
geologic consent, subject to change without notice.” However, a major portion of that change is now being caused by 
human activities. 

The classes will focus upon current and relevant topics that are of significant societal importance: energy resources 
such as coal and natural gas, water and mineral availability, natural hazards such as hurricanes and earthquakes, human 
impacts to different Earth systems, and changing climates. The course will take an Earth Systems Science approach to the 
content, emphasizing the interconnections and feedbacks between the geosphere, hydrosphere, atmosphere, biosphere, and 
anthroposphere. This Earth Systems approach is epitomized by the subject of climate change, where all of Earth’s systems 
(and the solar system as well) play important roles.  

Where appropriate, foundational content in Earth and space science will also be addressed. The continents and ocean 
floors are constantly changing and being reworked due to the dueling forces of two heat engines. One, driven by the 
energy from the Sun, controls the processes of weather and erosion and is largely responsible for tearing down mountains. 
The other, driven by the escape of heat from inside the Earth (which was once totally molten) controls earthquakes, 
volcanoes and the movements of the continents, and is responsible for the building of mountains. As a result the surfaces 
of continents are constantly changing, and the competing processes of building and then tearing down mountains controls 
the world we see and live on. The distributions of resources and occurrences of hazards are a direct result of these Earth 
forces. 

The course will conclude with an analysis of the sustainability of humans on Earth. It will examine current trends in 
human activities and their impacts on Earth’s systems and address questions of sustainability of these activities over short 
and long time scales. New fields of large-scale geoengineering will also be addressed. Students will be able to examine 
the social, political, and economic factors that are associated with these scientific concepts, and to address the pros and 
cons that accompany designed solutions to all human resource needs and environmental impacts. 

The course will utilize the Earth Science Literacy Principles (www.earthscienceliteracy.org), which is a research-
community-written framework of 9 Big Ideas and 75 Supporting concepts about Earth science. The project, chaired by M. 
Wysession, includes a set of video lessons prepared in conjunction with the American Geosciences Institute. The final 
three Big Ideas of the framework focus on Natural Resources, Natural Hazards, and Human Impacts. 

 
GRADING: Grades will be based on weekly quizzes (30 pts), homework (20 pts), in-class participation (10 pts), and two 
exams (20 pts each). 
 
TEXTS:  The primary text will be Living with Earth: An Introduction to Environmental Geology (LWE)(Travis 

Hudson), Pearson, 2011.  
The course will also utilize the Earth Science Literacy Principles (www.earthscienceliteracy.org), which is a 

research-community-written framework of 9 Big Ideas and 75 Supporting concepts about Earth science, as well as 
chapters from several other texts. 

 
 
LIST OF TOPICS (15 weeks):  
1. Earth Science: Big Ideas and Crosscutting Concepts 
 LWE: Ch 1&2 
2. Climate Change: Controlling Human History 

Gore, Al, “Earth in the Balance,” Houghton Mifflin, 1992: Chapter 3, “Civilization and History: A Short 
History.” 

Lee, James R., Climate Change and Armed Conflict, Routledge, 2009: Chapter 2, “A brief history of 
climate change and conflict.” 

http://www.earthscienceliteracy.org/
http://www.earthscienceliteracy.org/


3. Hazards: Earthquakes & Earth’s Interior 
 LWE: Ch 3&5 

Tarbuck&Lutgens, Earth, Pearson, 10th ed, Ch 12 
4. Hazards: Volcanoes and Meteoroid Impacts 
 LWE: Ch 6 
 Keller, Environmental Geology, Pearson, 9th ed., Ch 11 
5. Resources: Minerals  
 LWE: Ch 11.1-11.3, Ch 12.1-12.2 
6. Resources: Water 
 LWE: Ch 10.1-10.3 
7. Hazards: Severe Weather 
 LWE: Ch 7, Ch 9.3-9.4 
8. Resources: Non-renewable Energy Sources 
 LWE: Ch 13.1-13.4 
9. Resources: Renewable Energy 
 LWE: Ch 13.5-end 
10. Climate Change: Mechanisms and Time Scales 
 LWE: Ch 14.3-14.4 
11. Human Impacts: Climate 
 LWE: Ch 14.5-end 
12. Human Impacts: Land, Water, and Air 
 LWE: Ch 10.4-end; Ch 11.4-end; Ch 12.3-end; Ch 14.1-14.2 
13. Human Impacts: Biosphere  
 Keller, Environmental Geology, Pearson, 9th ed., Ch 4  
14. Human Future: Sustainability 
 LWE: Ch 15 
15. Human Future: The Possibility of Other Earthlike Planets 

Tarbuck&Lutgens, Earth, Pearson, 10th ed, Ch 24 
  
 
BACKGROUND  
(text written by M. Wysession for the National Research Council’s Framework for K-12 Science Education 
[National Academy Press, 2011]): 

Earth’s surface processes affect and are affected by human activities. Humans depend on all of the planet’s systems 
for a variety of resources, some of which are renewable or replaceable and some of which are not. Natural hazards and 
other geological events can significantly alter human populations and activities. Human activities, in turn, can contribute 
to the frequency and intensity of some natural hazards. Indeed, humans have become one of the most significant agents of 
change in Earth’s surface systems. In particular, it has been shown that climate change—which could have large 
consequences for all of Earth’s surface systems, including the biosphere—is driven not only by natural effects but also by 
human activities. Sustaining the biosphere will require detailed knowledge and modeling of the factors that affect climate, 
coupled with the responsible management of natural resources. 

Natural Resources: Humans depend on Earth’s land, ocean, atmosphere, and biosphere for many different resources, 
including air, water, soil, minerals, metals, energy, plants, and animals. Some of these resources are renewable over 
human lifetimes, and some are nonrenewable (mineral resources and fossil fuels) or irreplaceable if lost (extinct species). 

Materials important to modern technological societies are not uniformly distributed across the planet (e.g., oil in the 
Middle East, gold in California). Most elements exist in Earth’s crust at concentrations too low to be extracted, but in 
some locations—where geological processes have concentrated them—extraction is economically viable. Historically, 
humans have populated regions that are climatically, hydrologically, and geologically advantageous for fresh water 



availability, food production via agriculture, commerce, and other aspects of civilization. Resource availability affects 
geopolitical relationships and can limit development. As the global human population increases and people’s demands for 
better living conditions increase, resources considered readily available in the past, such as land for agriculture or 
drinkable water, are becoming scarcer and more valued. 

All forms of resource extraction and land use have associated economic, social, environmental, and geopolitical costs 
and risks, as well as benefits. New technologies and regulations can change the balance of these factors—for example, 
scientific modeling of the long-term environmental impacts of resource use can help identify potential problems and 
suggest desirable changes in the patterns of use. Much energy production today comes from nonrenewable sources, such 
as coal and oil. However, advances in related science and technology are reducing the cost of energy from renewable 
resources, such as sunlight, and some regulations are favoring their use. As a result, future energy supplies are likely to 
come from a much wider range of sources. 

Natural Hazards: Natural processes can cause sudden or gradual changes to Earth’s systems, some of which may 
adversely affect humans. Through observations and knowledge of historical events, people know where certain of these 
hazards—such as earthquakes, tsunamis, volcanic eruptions, severe weather, floods, and coastal erosion—are likely to 
occur. Understanding these kinds of hazards helps us prepare for and respond to them. 

While humans cannot eliminate natural hazards, they can take steps to reduce their impacts. For example, loss of life 
and economic costs have been greatly reduced by improving construction, developing warning systems, identifying and 
avoiding high-risk locations, and increasing community preparedness and response capability. 

Some natural hazards are preceded by geological activities that allow for reliable predictions; others occur suddenly, 
with no notice, and are not yet predictable. By tracking the upward movement of magma, for example, volcanic eruptions 
can often be predicted with enough advance warning to allow neighboring regions to be evacuated. Earthquakes, in 
contrast, occur suddenly; the specific time, day, or year cannot be predicted. However, the history of earthquakes in a 
region and the mapping of fault lines can help forecast the likelihood of future events. Finally, satellite monitoring of 
weather patterns, along with measurements from land, sea, and air, usually can identify developing severe weather and 
lead to its reliable forecast. 

Natural hazards and other geological events have shaped the course of human history, sometimes significantly altering 
the size of human populations or driving human migrations. Natural hazards can be local, regional, or global in origin, and 
even local events can have distant impacts because of the interconnectedness of human societies and Earth’s systems. 
Human activities can contribute to the frequency and intensity of some natural hazards (e.g., flooding, forest fires), and 
risks from natural hazards increase as populations—and population densities—increase in vulnerable locations. 

Human Impacts: Recorded history, as well as chemical and geological evidence, indicates that human activities in 
agriculture, industry, and everyday life have had major impacts on the land, rivers, ocean, and air. Humans affect the 
quality, availability, and distribution of Earth’s water through the modification of streams, lakes, and groundwater. Large 
areas of land, including such delicate ecosystems as wetlands, forests, and grasslands, are being transformed by human 
agriculture, mining, and the expansion of settlements and roads. Human activities now cause land erosion and soil 
movement annually that exceed all natural processes. Air and water pollution caused by human activities affect the 
condition of the atmosphere and of rivers and lakes, with damaging effects on other species and on human health. The 
activities of humans have significantly altered the biosphere, changing or destroying natural habitats and causing the 
extinction of many living species. These changes also affect the viability of agriculture or fisheries to support human 
populations. Land use patterns for agriculture and ocean use patterns for fishing are affected not only by changes in 
population and needs but also by changes in climate or local conditions (such as desertification due to overuse or 
depletion of fish populations by overextraction). 

Thus humans have become one of the most significant agents of change in the near-surface Earth system. And 
because all of Earth’s subsystems are interconnected, changes in one system can produce unforeseen changes in others. 

The activities and advanced technologies that have built and maintained human civilizations clearly have large 
consequences for the sustainability of these civilizations and the ecosystems with which they interact. As the human 
population grows and per-capita consumption of natural resources increases to provide a greater percentage of people with 
more developed lifestyles and greater longevity, so do the human impacts on the planet. 

Some negative effects of human activities are reversible with informed and responsible management. For example, 
communities are doing many things to help protect Earth’s resources and environments. They are treating sewage, 
reducing the amount of materials they use, and reusing and recycling materials. Regulations regarding water and air 



pollution have greatly reduced acid rain and stream pollution, and international treaties on the use of certain refrigerant 
gases have halted the growth of the annual ozone hole over Antarctica. Regulation of fishing and the development of 
marine preserves can help restore and maintain fish populations. In addition, the development of alternative energy 
sources can reduce the environmental impacts otherwise caused by the use of fossil fuels. 

The sustainability of human societies and of the biodiversity that supports them requires responsible management of 
natural resources not only to reduce existing adverse impacts but also to prevent such impacts to the extent possible. 
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste 
and that preclude ecosystem degradation. 

Global Climate Change: Global climate change, shown to be driven by both natural phenomena and by human 
activities, could have large consequences for all of Earth’s surface systems, including the biosphere (see ESS3.C for a 
general discussion of climate). Humans are now so numerous and resource dependent that their activities affect every part 
of the environment, from outer space and the stratosphere to the deepest ocean. However, by using science-based 
predictive models, humans can anticipate longterm change more effectively than ever before and plan accordingly. 

Global changes usually happen too slowly for individuals to recognize, but accumulated human knowledge, together 
with further scientific research, can help people learn more about these challenges and guide their responses. For example, 
there are historical records of weather conditions and of the times when plants bloom, animals give birth or migrate, and 
lakes and rivers freeze and thaw. And scientists can deduce long-past climate conditions from such sources as fossils, 
pollen grains found in sediments, and isotope ratios in samples of ancient materials.  

Scientists build mathematical climate models that simulate the underlying physics and chemistry of the many Earth 
systems and their complex interactions with each other. These computational models summarize the existing evidence, are 
tested for their ability to match past patterns, and are then used (together with other kinds of computer models) to forecast 
how the future may be affected by human activities. The impacts of climate change are uneven and may affect some 
regions, species, or human populations more severely than others. 

Climate models are important tools for predicting, for example, when and where new water supplies will be needed, 
when and which natural resources will become scarce, how weather patterns may change and with what consequences, 
whether proposed technological concepts for controlling greenhouse gases will work, and how soon people will have to 
leave low-lying coastal areas if sea levels continue to rise. Meanwhile, important discoveries are being made—for 
example, about how the biosphere is responding to the climate changes that have already occurred, how the atmosphere is 
responding to changes in anthropogenic greenhouse gas emissions, and how greenhouse gases move between the ocean 
and the atmosphere over long periods. Such information, from models and other scientific and engineering efforts, will 
continue to be essential to planning for humanity’s—and the global climate’s—future. 

It is important to note that although forecasting the consequences of environmental change is crucial to society, it 
involves so many complex phenomena and uncertainties that predictions, particularly long-term predictions, always have 
uncertainties. These arise not only from uncertainties in the underlying science but also from uncertainties about 
behavioral, economic, and political factors that affect human activity and changes in activity in response to recognition of 
the problem. However, it is clear not only that human activities play a major role in climate change but also that impacts 
of climate change—for example, increased frequency of severe storms due to ocean warming—have begun to influence 
human activities. The prospect of future impacts of climate change due to further increases in atmospheric carbon is 
prompting consideration of how to avoid or restrict such increases. 
 
 

 


