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		Accessibility Statement

								

	
				
 University of Oregon Libraries is committed to creating free, open, and accessible educational resources. We are continually working to improve the user experience for all our users and keeping up with accessibility standards. If you encounter any accessibility issues with this book, please contact us.
 
 Accessibility Features
 
 The web version of this workshop guide was designed with accessibility in mind and includes the following features:
 
 	It has been optimized for people who use screen-reader technology. 	all content can be navigated using a keyboard
 	links, headings, and tables are formatted to work with screen readers
 	images have alt text
 	Only accessible H5P activities are included in this resource. When no accessibility work around exists, an alternate activity is available.
 
 
 	Information is not conveyed by color alone.
 	Audio and video content includes captions/transcripts.
 
 
 Other file formats available:
 
 In addition to the web version, this book is available as a PDF and EPUB file.
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		Resources

								

	
				
Resources we mention in the workshop:
 	Pressbooks user guide
 	UO Pressbooks Network Catalog
 	Pressbooks Directory
 	OER libguide
 	OER Website
 	List of sites Pressbooks supports embeds from.
 	User roles in Pressbooks
 	BC Campus Accessibility guide 
 	AEM Protocol for Creating Accessible OER
 
 Workshop Outline:
 	What is Pressbooks?
 	Using the Authoring Dashboard 	Organize
 	Book Info
 	Appearance
 	Import
 	Users
 
 
 	Using the Visual Editor and Toolbar 	Headings
 	Style and Formatting
 	Saving and previewing your work
 
 
 	Media 	uploading media
 	embedding media
 
 
 	Planning for Accessibility 	Best Practices
 	Resources
 	Examples
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		Media

								

	
				
Uploading Media
 [image: a small red panda looking directly at the camera with its tongue out.]this is a caption Pressbooks supports the following types of media uploads:
 	Images 	Audio 	Video 	Files 
 		jpg
 	jpeg
 	png
 	gif
 
  		mp3
 	midi
 	MID
 	m4a
 
  		mov
 	avi
 	wmv
 	mp4
 
  		pdf
 	ebub
 
  
  
 It’s important to upload media using the “add media” button in the Pressbooks visual editor rather than copy pasting media into your book. While you may not notice any issues in the webbook, pasted images won’t load in some export formats.
 When you upload media you will be given the option to add important details to your attachment. It is important to add alt text to every image, you will also have the option to add a title, caption,  and description. If you’re using media you didn’t create, you also have the option to include information about where you found the media, who created it, and how it is licensed. This way you won’t forget where you got any of your content. Learn more in the Pressbooks User Guide.
 [image: a green salad.]caption [image: ]caption test Embedding Media
 While you can upload videos to Pressbooks, we recommend embedding videos instead. Video files are very large and may strain Pressbooks’s processing power and fail to load. Pressbooks makes it very easy to embed videos, all you do is paste a link from youtube into your book, press enter, and click save. Pressbooks supports links from several platforms (see the full list here). If you want to embed something from another platform, you can reach out to Allia or Rayne for support. 
 This video is embedded from YouTube:
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=51#oembed-1 
 
 Attribution
 The Media table is adapted from the Pressbooks User Guide by Pressbooks which is licensed under a Creative Commons Attribution 4.0 International License.
 Media Attributions
	Red panda © Mathias Appel via Flickr is licensed under a Public Domain license
	image1 
	rose_beads 
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		Planning for Accessibility

								

	
				
Best Practices
 	Use headings for structure (not for style) and use headings consistently.
 	alt text to describe images that give the reader information.
 	If using complex charts or graphs, include contextual information in the text and captions and describe the image.
 	Don’t rely on color to convey information
 	Use high contrast and color blind friendly colors.
 	Links: link text describes destination, if it is a download link the link tells the reader, links that open in a new tab are labeled. For example: You can learn about accessible links by reading the BC Campus Accessibility Toolkit [new tab]
 	Add captions and transcripts to audio and video content.
 
 Resources
 	Inaccessible Example Page
 	Inaccessible Example Explanation
 	BC Campus Accessibility Toolkit: walks through every element of a book and helps you think through the accessibility concerns and best practices. 
 	AEM Protocol for Creating Accessible OER: a detailed checklist for creating accessible OER with examples and screenshots.
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		OER Services & Support

								

	
				
 The OER team offers the following services to faculty interested in adopting, adapting, or creating OER. To access any of these services you can request a consultation with the OER librarian or OER specialist. You’ll be directed to a short form where you can sign up for a consultation and answer a few questions about what you need help with. You can also contact the OER librarian or OER specialist directly.
 
 Please visit the OER website for more information.
 Consultation:
 
 	Finding OER: 	Assistance searching for appropriate OER to use in courses and/or finding OER to adapt where no resources exist.
 
 
 	Licensing and Copyright consultation: 	We can offer advice if you would like to openly license your own work, or if you have questions about how you can reuse/remix openly licensed work. We can also help you write attribution statements and find/use openly licensed media.
 	We also offer virtual workshops on Copyright & Licensing for OER (see the DREAM Lab event calendar for sign-up links and more info)
 
 
 	One-on-one Pressbooks consultations and Workshops 	If you want to get started with Pressbooks, learn what you can make with Pressbooks, or get a one-on-one Pressbooks tutorial, you can sign up for a one on one Pressbooks training with the OER specialist.
 	We also offer virtual Introduction to Pressbooks and Advanced Pressbooks workshops each term, you can find workshop dates and sign up links on the DREAM Lab events calendar.
 
 
 
 
 
 OER Development Support
 
 	Project management: assistance planning the OER development process and regular meetings with the OER team.
 	Basic editorial review.
 	Cover design and assistance finding openly licensed images.
 	Pressbooks troubleshooting and formatting assistance.
 	Assistance incorporating interactive elements like Hypothes.is and H5P into Pressbooks projects.
 	Accessibility review and assistance implementing accessibility best practices.
 
 
 
 OER Development Process
 These resources will help guide you through the OER development process. Everyone’s OER creation process will look a little different, the OER Production Workflow will give you you an idea of all the steps that go into OER creation. The OER Pre-Production Author Guide is designed to be completed alongside step two in the OER Production Workflow and will help you set actionable goals for your project and come up with a workable structure. If questions come up at any point in the production process you can always contact the OER team.
 
 
 	OER Production Workflow (PDF chart)
 	OER Production Workflow – text version (Word Document)
 	OER Pre-Production Author Guide (Word Document)
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		Flex Box Testing

								

	
				 This is an example chapter. Media you insert into your Word documents will also be uploaded when you import content.
 [image: image]
 

 sample text 1 Mauris ut commodo sapien. Nunc id mi eget sem gravida varius maximus ut tortor. Cras vitae libero finibus, porttitor nisl in, sagittis erat. Fusce vestibulum elementum lacus in cursus. Proin rutrum ante vel sapien elementum vehicula. Duis ac ligula ut libero pharetra suscipit vitae porta leo. Suspendisse consectetur pulvinar orci, in aliquet turpis. Duis tristique enim eu elit sagittis, eget accumsan elit congue. Ut lorem quam, eleifend in augue nec, egestas porttitor augue. 
 sample text 2 Lorem ipsum dolor sit amet, consectetur adipiscing elit. Nam vestibulum suscipit ultricies. Etiam id turpis ut orci dapibus pretium. Vestibulum dapibus sapien id nibh mattis, eget viverra odio luctus. Integer consectetur pulvinar velit ac luctus. Aenean eu ante vel ex interdum efficitur eget vitae tellus. Lorem ipsum dolor sit amet, consectetur adipiscing elit. Sed lacinia tempor ante, at tristique quam. Phasellus ac metus quis sem bibendum faucibus. Sed luctus ipsum neque, eget accumsan orci auctor sit amet.
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		Understanding Science

					adapted by Laura Neser

			

	
				 Learning Objectives
  By the end of this chapter, students should be able to:
 	Contrast objective and subjective observations, as well as quantitative and qualitative observations.
 	Identify a pseudoscience based on its lack of falsifiability.
 	Contrast the methods used by Aristotle and Galileo to describe the natural environment.
 	Explain the scientific method, and apply it to a problem or question.
 	Describe the foundations of modern geology, such as the principle of uniformitarianism.
 	Contrast uniformitarianism with catastrophism.
 	Explain why studying geology is important.
 	Identify how Earth materials are transformed by rock cycle processes.
 	Describe the steps involved in a reputable scientific study.
 	Explain rhetorical arguments used by science deniers.
 
 
 
 1.1 What Is Science?
 [image: Figure description available at the end of the chapter.]Figure 1.1: This is Cascade Falls in Pembroke, Virginia. An objective statement about this would be: “The picture is of a waterfall.” A subjective statement would be: “The setting is beautiful,” or “The waterfall is there because of erosion.” Figure description available at the end of the chapter. Scientists seek to understand the fundamental principles that explain natural patterns and processes. Science is more than just a body of knowledge; science provides a means to evaluate and create new knowledge without bias. Scientists use objective evidence over subjective evidence to reach sound and logical conclusions.
 An objective observation is made without personal bias and will be the same for all individuals. Humans are biased by nature, so they cannot be completely objective; the goal is to be as unbiased as possible. A subjective observation is based on a person’s feelings and beliefs and is unique to that individual.
 Another way scientists avoid bias is by using quantitative over qualitative measurements whenever possible. A quantitative measurement is expressed with a specific numerical value. Qualitative observations are general or relative descriptions. For example, describing a rock as red or heavy is a qualitative observation. Determining a rock’s color by measuring wavelengths of reflected light or the proportions of minerals it contains is quantitative. Numerical values are more precise than general descriptions, and they can be analyzed using statistical calculations. This is why quantitative measurements are much more useful to scientists than qualitative observations.
 [image: Aerial view of modern canyons carved through dark gray unconsolidated volcanic deposits with sparse vegetation in the area.]Figure 1.2: Canyons like this, carved in the deposit left by the May 18th, 1980, eruption of Mount St. Helens, are sometimes used by purveyors of pseudoscience as evidence for the Earth being very young. In reality, the unconsolidated and unlithified volcanic deposit is carved much more easily than other canyons like the Grand Canyon. Figure description available at the end of the chapter. Establishing truth in science is difficult because all scientific claims are falsifiable, which means any initial hypothesis may be tested and proven false. A hypothesis can only become regarded as a reliable scientific theory after exhaustively eliminating false results, competing ideas, and possible variations. This meticulous scrutiny reveals weaknesses or flaws in a hypothesis and is the source of the strength that supports all scientific ideas and procedures. In fact, proving current ideas are wrong has been the driving force behind many scientific careers.
 [image: 15 people at a field trip looking at large rock outcrops in the distance.]Figure 1.3: Geologists share information by publishing, attending conferences, and even going on field trips, such as this trip to the Lake Owyhee Volcanic Field in Oregon by the Bureau of Land Management in 2019. Figure description available at the end of the chapter. Falsifiability separates science from pseudoscience. Scientists are wary of explanations of natural phenomena that discourage or avoid falsifiability. An explanation that cannot be tested or does not meet scientific standards is not considered science, but pseudoscience. Pseudoscience is a collection of ideas that may appear scientific but does not use the scientific method. Astrology is an example of pseudoscience. It is a belief system that attributes human behaviors to the movement of celestial bodies. Astrologers rely on celestial observations, but their conclusions are not based on experimental evidence and their statements are not falsifiable. Astrology should not be confused with astronomy, which is the scientific study of celestial bodies and the cosmos.
 Science is also a social process. Scientists share their ideas with peers at conferences, seeking guidance and feedback. Research papers and data submitted for publication are rigorously reviewed by qualified peers, scientists who are experts in the same field. The scientific review process aims to weed out misinformation, invalid research results, and wild speculation. Thus, the process is slow, cautious, and conservative. Scientists tend to wait until a hypothesis is supported by an overwhelming amount of evidence from many independent researchers before accepting it as scientific theory.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 1.1 via the QR code.
  Which of the following is an objective statement?
 
 
 	I observed that it rained yesterday.
 
 
 
 	My father is a good man.
 
 
 
 	Geology is an important science.
 
 
 
 	The blue cupcakes taste better.
 
 
 
 	Everyone should take a geology class.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 What distinguishes science from pseudoscience?
 
 
 	In science, we just know that things are the way they are.
 
 
 
 	Science deals with mainstream ideas, while pseudoscience does not.
 
 
 
 	Measurements can prove a concept to be correct and scientific.
 
 
 
 	Concepts must be falsifiable to be considered science.
 
 
 
 	Pseudoscience uses experimentation to objectively reach conclusions.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Why is science normally a slow process?
 
 
 	Arguing with pseudoscientists consumes scientists' time.
 
 
 
 	All experiments take a long time to complete.
 
 
 
 	The process of weeding out misinformation and verifying results takes time.
 
 
 
 	Because their work is intense, scientists require lengthy vacations.
 
 
 
 	Scientific meetings are usually drawn out arguments.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=817#h5p-19 
 
 1.2 The Scientific Method
 Modern science is based on the scientific method, a procedure that follows these steps:
 	Formulate a question or observe a problem.
 	Apply objective experimentation and observation.
 	Analyze collected data and interpret results.
 	Devise an evidence-based theory.
 	Submit findings to peer review and/or publication.
 
 [image: Figure description available at the end of the chapter.]Figure 1.4: Diagram of the cyclical nature of the scientific method. Figure description available at the end of the chapter. This process has a long history in human thought but was first fully formed by Ibn al-Haytham over 1,000 years ago. At the forefront of the scientific method are conclusions based on objective evidence, not opinion or hearsay.
 Step One: Observation, Problem, or Research Question
 The procedure begins with identifying a problem or research question about, for instance, a geological phenomenon that is not well explained in the scientific community’s collective knowledge. This step usually involves reviewing the scientific literature to understand previous studies that may be related to the question.
 Step Two: Hypothesis
 [image: Figure description available at the end of the chapter.]Figure 1.5: A famous hypothesis. Leland Stanford wanted to know if a horse lifted all four legs off the ground during a gallop, since the legs are too fast for the human eye to perceive. This series of photographs by Eadweard Muybridge proved the horse does, in fact, lift all four legs off the ground during the gallop. Figure description available at the end of the chapter. Once the problem or question is well defined, the scientist proposes a possible answer, a hypothesis, before conducting an experiment or field work. This hypothesis must be specific and falsifiable, and should be based on other scientific work. Geologists often develop multiple working hypotheses because they usually cannot impose strict experimental controls or have limited opportunities to visit a field location.
 [image: A highly viscous black petroleum fluid that drips out of a funnel into a beaker extremely slowly, about once a decade.]Figure 1.6: An experiment at the University of Queensland has been ongoing since 1927. A petroleum product called pitch, which is highly viscous, drips out of a funnel about once per decade. Figure description available at the end of the chapter. Step Three: Experiment and Hypothesis Revision
 The next step is developing an experiment that either supports or refutes the hypothesis. Many people mistakenly think experiments are only done in labs; however, an experiment can simply involve observing natural processes in the field. Regardless of what form an experiment takes, it always includes the systematic gathering of objective data. This data is interpreted to determine whether it contradicts or supports the hypothesis, which may be revised and tested again. When a hypothesis holds up under experimentation, it is ready to be shared with other experts in the field.
 Step Four: Peer Review, Publication, and Replication
 Scientists share the results of their research by publishing articles in scientific journals, such as Science and Nature. Reputable journals and publishing houses will not publish an experimental study until they have determined its methods are scientifically rigorous and the conclusions are supported by evidence. Before an article is published, it undergoes a rigorous peer review by scientific experts who scrutinize the methods, results, and discussion. Once an article is published, other scientists may attempt to replicate the results. This replication is necessary to confirm the reliability of the study’s reported results. A hypothesis that seemed compelling in one study might be proven false in studies conducted by other scientists. New technology can be applied to published studies, which can aid in confirming or rejecting once-accepted ideas and/or hypotheses.
 Step Five: Theory Development
 [image: Headshot of Alfred Wegener, a white man, in a suit.]Figure 1.7: Wegener later in his life, ca. 1924-1930. Figure description available at the end of the chapter. In casual conversation, the word theory implies guesswork or speculation. In the language of science, an explanation or conclusion made in a theory carries much more weight because it is supported by experimental verification and widely accepted by the scientific community. After a hypothesis has been repeatedly tested for falsifiability through documented and independent studies, it eventually becomes accepted as a scientific theory.
 While a hypothesis provides a tentative explanation before an experiment, a theory is the best explanation after confirmation from multiple independent experiments. Confirmation of a theory may take years or even longer. For example, the continental drift hypothesis first proposed by Alfred Wegener in 1912 was initially dismissed; after decades of additional evidence collection by other scientists using more advanced technology, Wegener’s hypothesis was accepted and revised as the theory of plate tectonics.
 The theory of evolution by natural selection is another example. Originating from the work of Charles Darwin in the mid-nineteenth century, the theory of evolution has withstood generations of scientific testing for falsifiability. While it has been updated and revised to accommodate knowledge gained by using modern technologies, the theory of evolution continues to be supported by the latest evidence.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 1.2 via the QR code.
  In the scientific method, which of these steps would normally follow experimentation and sharing of results?
 
 
 	Observation
 
 
 
 	Hypothesis development
 
 
 
 	Peer review
 
 
 
 	Theory development
 
 
 
 	Hypothesis creation
 
 
 
 
 
 
 	
 	
 
 
 
 
 
 Which of the following best matches the word theory?
 
 
 	An idea undergoing experimentation
 
 
 
 	An idea whose experimental results agree with the hypothesis
 
 
 
 	An idea based on observations
 
 
 
 	A conclusion subjected to peer review
 
 
 
 	A concept widely tested and accepted
 
 
 
 
 
 
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=817#h5p-20 
 
 1.3 Early Scientific Thought
 [image: Mural painting of Plato and Aristotle walking together while dressed in Greek robes.]Figure 1.8: Fresco by Raphael of Plato (left) and Aristotle (right). Figure description available at the end of the chapter. Western scientific thought began in the ancient city of Athens, Greece. Athens was governed as a democracy, which encouraged individuals to think independently at a time when most civilizations were ruled by monarchies or military conquerors. Foremost among the early philosopher-scientists to use empirical thinking was Aristotle, born in 384 BCE. Empiricism emphasizes the value of evidence gained from experimentation and observation. Aristotle studied under Plato and tutored Alexander the Great. Alexander would later conquer the Persian Empire and, in the process, spread Greek culture as far east as India.
 Aristotle applied an empirical method of analysis called deductive reasoning, which applies known principles of thought to establish new ideas or predict new outcomes. Deductive reasoning starts with generalized principles and logically extends them to new ideas or specific conclusions. If the initial principle is valid, then it is highly likely the conclusion is also valid. An example of deductive reasoning is “if A = B and B = C, then A = C”. Another example is “if all birds have feathers and a sparrow is a bird, then a sparrow must also have feathers.” The problem with deductive reasoning is, if the initial principle is flawed, the conclusion will inherit that flaw. Here is an example of a flawed initial principle leading to the wrong conclusion: if all animals that fly are birds and bats also fly, then bats must also be birds.
 This type of empirical thinking contrasts with inductive reasoning, which begins from new observations and attempts to discern underlying generalized principles. A conclusion made through inductive reasoning comes from analyzing measurable evidence rather making a logical connection. For example, to determine whether bats are birds, a scientist might list various characteristics observed in birds (i.e., the presence of feathers, a toothless beak, hollow bones, lack of forelegs, and externally laid eggs); next, the scientist would check whether bats share the same characteristics and, if they do not, draw the conclusion that bats are not birds.
 Both types of reasoning are important in science because they emphasize the two most important aspects of science: observation and inference. Scientists test existing principles to see if they accurately infer or predict their observations. They also analyze new observations to determine if the inferred underlying principles still support them.
 [image: Modern depiction of a man. He is wearing a turban, dressed in robes, writing a letter, sitting on the ground.]Figure 1.9: Drawing of Avicenna (Ibn Sina). He is among the first to link mountains to earthquakes and erosion. Figure description available at the end of the chapter. Greek culture was spread by Alexander and then absorbed by the Romans, who further extended Greek knowledge into Europe through their vast infrastructure of roads, bridges, and aqueducts. After the fall of the Roman Empire in 476 CE, scientific progress in Europe stalled. Scientific thinkers of the medieval period that followed had such high regard for Aristotle’s wisdom and knowledge that they faithfully followed his logical approach to understanding nature for centuries. By contrast, science in the Middle East progressed and flourished between 800 and 1450 CE, along with culture and the arts.
 Near the end of the medieval period, empirical experimentation became more common in Europe. During the Renaissance, which lasted from the fourteenth through seventeenth centuries, artistic and scientific thought experienced a great awakening. European scholars began to criticize the traditional Aristotelian approach, and by the end of the Renaissance period, empiricism was poised to become a key component of the Scientific Revolution that would arise in the seventeenth century.
 [image: Figure description available at the end of the chapter.]Figure 1.10: Geocentric drawing by Bartolomeu Velho in 1568. Figure description available at the end of the chapter. An early example of how Renaissance scientists began to apply a modern empirical approach is their study of the Solar System. In the second century, the Greek astronomer Claudius Ptolemy observed the Sun, Moon, and stars moving across the sky. Applying Aristotelian logic to his astronomical calculations, he deductively reasoned all celestial bodies orbited around the Earth, which was thought to be located at the center of the universe. Ptolemy was a highly regarded mathematician, and his mathematical calculations were widely accepted by the scientific community. The view of the cosmos with Earth at its center is called the geocentric model. This geocentric model persisted until the Renaissance period, when some revolutionary thinkers challenged the centuries-old hypothesis.
 By contrast, early Renaissance scholars such as astronomer Nicolaus Copernicus (1473-1543) proposed an alternative explanation for the perceived movement of the Sun, Moon, and stars. Sometime between 1507 and 1515, he provided credible mathematical proof for a radically new model of the cosmos, one in which the Earth and other planets orbited around a centrally located Sun. After the invention of the telescope in 1608, scientists used their enhanced astronomical observations to support this heliocentric, Sun-centered model.
 [image: Figure description available at the end of the chapter.]Figure 1.11: Galileo’s first mention of Jupiter’s moons. Figure description available at the end of the chapter. [image: Figure description available at the end of the chapter.]Figure 1.12: Copernicus’s heliocentric model. Figure description available at the end of the chapter. Two scientists, Johannes Kepler and Galileo Galilei, are credited with jump-starting the scientific revolution. They accomplished this by building on Copernicus’s work and challenging long-established ideas about nature and science.
 Johannes Kepler (1571–1630) was a German mathematician and astronomer who expanded on the heliocentric model, improving Copernicus’s original calculations and describing planetary motion as elliptical paths. Galileo Galilei (1564–1642) was an Italian astronomer who used the newly developed telescope to observe the four largest moons of Jupiter. This was the first piece of direct evidence to contradict the geocentric model, since moons orbiting Jupiter could not also be orbiting Earth.
 Galileo strongly supported the heliocentric model and attacked the geocentric model, arguing for a more scientific approach to determine the credibility of ideas. Because of this, he found himself at odds with prevailing scientific views and the Catholic Church. In 1633, he was found guilty of heresy and placed under house arrest, where he would remain until his death in 1642.
 Galileo is regarded as the first modern scientist because he conducted experiments that would prove or disprove falsifiable ideas and based his conclusions on mathematical analysis of quantifiable evidence—a radical departure from the deductive thinking of Greek philosophers such as Aristotle. His methods marked the beginning of a major shift in how scientists studied the natural world, with an increasing number relying on evidence and experimentation to form their hypotheses. It was during this revolutionary time that geologists such as James Hutton and Nicolas Steno also made great advances in their scientific fields of study.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 1.3 via the QR code.
  What evidence was found by Galileo that proved the Earth could not be the center of the universe?
 
 
 	Asteroid belt
 
 
 
 	Comet return time
 
 
 
 	Moons orbiting Jupiter
 
 
 
 	Craters on the moon
 
 
 
 	Orbit of Saturn
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Which of the following is the advantage of inductive reasoning, in contrast with deductive (Aristotelian) reasoning?
 
 
 	Focus on conclusions
 
 
 
 	Reasoning is more sound
 
 
 
 	Focus on observations
 
 
 
 	Use of replication
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 The idea that the Sun was the center of the Solar System was first proposed by Nicolaus Copernicus in 1543 and is known as the ______.
 
 
 	Heliocentric model
 
 
 
 	Solar orbital model
 
 
 
 	Geocentric model
 
 
 
 	Suncentric model
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=817#h5p-21 
 
 1.4 Foundations of Modern Geology
 [image: Figure description available at the end of the chapter.]Figure 1.13: Illustration by Steno showing a comparison between fossils and modern shark teeth. Figure description available at the end of the chapter. As part of the Scientific Revolution in Europe, modern geologic principles developed in the 17th and 18th centuries. One major contributor was Nicolaus Steno (1638–1686), a Danish priest who studied anatomy and geology. Steno was the first to propose that Earth’s surface could change over time. He suggested sedimentary rocks, such as sandstone and shale, originally formed in horizontal layers with the oldest on the bottom and progressively younger layers on top.
 In the eighteenth century, Scottish naturalist James Hutton (1726–1797) studied rivers and coastlines and compared the sediments they left behind to exposed sedimentary rock strata. He hypothesized the ancient rocks must have been formed by processes like those producing the features in oceans and streams. Hutton also proposed the Earth was much older than previously thought. Modern geologic processes operate slowly; Hutton realized that, if these processes formed rocks, then the Earth must be very old, possibly hundreds of millions of years old.
 Hutton’s idea is called the principle of uniformitarianism and states that natural processes operate the same now as in the past, i.e., the laws of nature are uniform across space and time. Geologist often state “the present is the key to the past,” meaning they can understand ancient rocks by studying modern geologic processes.
 [image: Figure description available at the end of the chapter.]Figure 1.14: Cuvier’s comparison of modern elephant and mammoth jaw bones. Figure description available at the end of the chapter. Prior to the acceptance of uniformitarianism, scientists such as German geologist Abraham Gottlob Werner (1750–1817) and French anatomist Georges Cuvier (1769–1832) thought rocks and landforms were formed by great catastrophic events. Cuvier championed this view, known as catastrophism, and stated, “The thread of operation is broken; nature has changed course, and none of the agents she employs today would have been sufficient to produce her former works.” He meant processes that operate today did not operate in the past. Known as the father of vertebrate paleontology, Cuvier made significant contributions to the study of ancient life and taught at Paris’s Museum of Natural History. Based on his study of large vertebrate fossils, he was the first to suggest species could go extinct. However, he thought new species were introduced by special creation after catastrophic floods.
 [image: Idealized cross section of part of the Earth's crust with a volcano and its magma chambers in the center.]Figure 1.15: Inside cover of Lyell’s Elements of Geology. Figure description available at the end of the chapter. Hutton’s ideas about uniformitarianism and Earth’s age were not well received by the scientific community of his time. His ideas were falling into obscurity when Charles Lyell, a British lawyer and geologist (1797–1875), wrote Principles of Geology in the early 1830s and later, Elements of Geology. Lyell’s books promoted Hutton’s principle of uniformitarianism, his studies of rocks and the processes that formed them, and the idea that Earth was possibly over 300 million years old. Lyell and his three-volume Principles of Geology had a lasting influence on the geologic community and public at large, who eventually accepted uniformitarianism and Earth being millions of years old. The principle of uniformitarianism became so widely accepted that geologists regarded catastrophic change as heresy. This made it harder for ideas like the sudden demise of the dinosaurs by asteroid impact to gain traction.
 A contemporary of Lyell, Charles Darwin (1809–1882) took Principles of Geology on his five-year trip on the HMS Beagle. Darwin used uniformitarianism and deep geologic time to develop his initial ideas about evolution. Lyell was one of the first to publish a reference to Darwin’s idea of evolution.
 [image: Headshot of an older man wearing a suit and tie.]Figure 1.16: J. Tuzo Wilson. Figure description available at the end of the chapter. The next big advancement, and perhaps the largest in the history of geology, is the theory of plate tectonics and continental drift. Dogmatic acceptance of uniformitarianism inhibited the progress of this idea, mainly because of the permanency placed on the continents and their positions. Ironically, slow and steady movement of plates would fit well into a uniformitarianist model. However, much time passed and a great deal of scientific resistance had to be overcome before the idea took hold. This delay happened for several reasons. Firstly, the movement was so slow, it was overlooked. Secondly, the best evidence was hidden under the ocean. Finally, the accepted theories were anchored by a large amount of inertia. Instead of being bias-free, scientists resisted and ridiculed the emerging idea of plate tectonics. This example of dogmatic thinking remains, to this day, a tarnish on the geoscience community.
 Plate tectonics is most commonly attributed to Alfred Wegener, the first scientist to compile a large data set supporting the idea of continents shifting places over time. He was mostly ignored and ridiculed for his ideas, but later contributors like Marie Tharp, Bruce Heezen, Harry Hess, Laurence Morley, Frederick Vine, Drummond Matthews, Kiyoo Wadati, Hugo Benioff, Robert Coats, and J. Tuzo Wilson benefited from advances in subsea technologies. They discovered, described, and analyzed new features like the mid-ocean ridge, alignment of earthquakes, and magnetic striping. Gradually, these scientists introduced a paradigm shift that revolutionized geology into the science we know today.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 1.4 via the QR code.
  What simple scientific technique did geologists like Hutton, Steno, and Lyell use to draw fundamental geologic conclusions?
 
 
 	Studying gems and metal deposits to understand their geologies
 
 
 
 	Analyzing the chemistry of the rock record
 
 
 
 	Performing experiments to replicate the rock record
 
 
 
 	Comparing ancient rocks/fossils to modern counterparts
 
 
 
 	Digging underground to observe three-dimensional structures
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Which of these is NOT consistent with uniformitarianism?
 
 
 	Each year, a layer of sediment is laid down. Eventually, a large thickness is made.
 
 
 
 	Erosion occurs in the valley every spring when the rains come. By this logic, the valley will be getting deeper every year.
 
 
 
 	Volcanic eruptions on the sea floor produce islands. Sea floor volcanism will produce more islands.
 
 
 
 	A large asteroid hit the Earth and caused devastation that killed many species, like the dinosaurs.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Which of these assumptions is required for uniformitarianism to hold true?
 
 
 	Every geologic process that operated on Earth in the past has to still operate today.
 
 
 
 	The geologic features and layers that we see today were formed by a series of brief catastrophic events.
 
 
 
 	Volcanoes and floods and similar landscape-shaping forces must have had the same intensity in the past as they do now.
 
 
 
 	Processes have been governed by the same set of rules of nature since the beginning of time.
 
 
 
 	Geologic time is vast, and all processes must have occurred slowly.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=817#h5p-22 
 
 1.5 The Study of Geology
 [image: A group of women look at geological folds on a rock in Ireland.]Figure 1.17: Girls into Geoscience inaugural Irish fieldtrip. Figure description available at the end of the chapter. Geologists apply the scientific method to learn about Earth’s materials and processes. Geology plays an important role in society, as its principles are essential to locating, extracting, and managing natural resources; evaluating environmental impacts of using or extracting these resources; as well as understanding and mitigating the effects of natural hazards.
 Geology often applies information from physics and chemistry to understand parts of the natural world, like the physical forces in a landslide or the chemical interaction between water and rocks. The term comes from the Greek word geo, meaning Earth, and logos, meaning to think or reckon with.
 1.5.1 Why Study Geology?
 [image: A large tan concrete dam. The water level is much higher behind the dam than in front of it.]Figure 1.18: Glen Canyon Dam in the Southwestern United States forms Lake Powell, a reservoir on the Colorado River in Utah and Arizona. The dam also provides hydroelectric energy. Figure description available at the end of the chapter. Geology plays a key role in how we use natural resources—any naturally occurring material that can be extracted from the Earth for economic gain. Our developed modern society, like all societies before it, is dependent on geologic resources. Geologists are involved in extracting fossil fuels, such as coal and petroleum; metals, such as copper, aluminum, and iron; and water resources in streams and underground reservoirs inside soil and rocks. They can help conserve our planet’s finite supply of nonrenewable resources, like petroleum, which are fixed in quantity and depleted by consumption. Geologists can also help manage renewable resources that can be replaced or regenerated, such as solar energy, wind energy, and timber.
 [image: A power plant with steam coming out, surrounded by rocky hills on either side.]Figure 1.19: Coal power plant in Helper, Utah. Figure description available at the end of the chapter. Resource extraction and usage impacts our environment, which can negatively affect human health. For example, burning fossil fuels releases chemicals into the air that are unhealthy for humans, especially children. Mining activities can release toxic heavy metals, such as lead and mercury, into the soil and waterways. Our choices will have an effect on Earth’s environment for the foreseeable future. Understanding the remaining quantity, extractability, and renewability of geologic resources will help us manage those resources more sustainably.
 [image: Three rows of rectangular-shaped buildings with the second and third rows of buildings having fallen over.]Figure 1.20: Buildings toppled from liquefaction during a 7.5 magnitude earthquake in Japan. Figure description available at the end of the chapter. Geologists also study natural hazards created by geologic processes. Natural hazards are phenomena that are potentially dangerous to human life or property. No place on Earth is completely free of natural hazards, so one of the best ways people can protect themselves is by understanding geology. Geology can teach people about the natural hazards in an area and how to prepare for them. Geologic hazards include landslides, earthquakes, tsunamis, floods, volcanic eruptions, and sea-level rise.
 [image: A large hole in the top of a mountain that is filled with a lake. There is also an island in the lake.]Figure 1.21: Oregon’s Crater Lake was formed about 7,700 years ago after the eruption of Mount Mazama. Figure description available at the end of the chapter. Finally, geology is where other scientific disciplines intersect in the concept known as Earth system science. In science, a system is a group of interactive objects and processes. Earth system science views the entire planet as a combination of systems that interact with each other via complex relationships. This geology textbook provides an introduction to science in general and will often reference other scientific disciplines.
 Earth system science includes five basic systems (or spheres): the geosphere (the solid body of the Earth), the atmosphere (the gas envelope surrounding the Earth), the hydrosphere (water in all its forms at and near the surface of the Earth), the cryosphere (the frozen water part of Earth), and the biosphere (life on Earth in all its forms and interactions, including humankind).
 Rather than viewing geology as an isolated system, Earth system scientists study how geologic processes shape not only the world but all the spheres it contains. They study how these multidisciplinary spheres relate, interact, and change in response to natural cycles and human-driven forces. They use elements from physics, chemistry, biology, meteorology, environmental science, zoology, hydrology, and many other sciences.
 1.5.2 Rock Cycle
 [image: Figure description available at the end of the chapter.]Figure 1.22: Rock cycle showing the five materials (such as igneous rocks and sediment) and the processes by which one changes into another (such as weathering). Figure description available at the end of the chapter. The most fundamental view of Earth materials is the rock cycle, which describes the major materials that comprise the Earth, the processes that form them, and how they relate to each other. It usually begins with hot molten liquid rock called magma or lava. Magma forms under the Earth’s surface in the crust or mantle. Lava is molten rock that erupts onto the Earth’s surface. When magma or lava cools, it solidifies by a process called crystallization in which minerals grow within the magma or lava. The resulting rocks are igneous rocks (ignis is Latin for “fire”).
 Igneous rocks, as well as other types of rocks, on Earth’s surface are exposed to weathering and erosion, which produce sediments. Weathering is the physical and chemical breakdown of rocks into smaller fragments. Erosion is the removal of those fragments from their original location. The broken-down and transported fragments and grains are considered sediments, which include gravel, sand, silt, and clay. These sediments may be transported by streams and rivers, ocean currents, glaciers, and wind.
 [image: This grey rock has round circles left by raindrops. There is a 3-centimeter scale bar on the upper right of the rock.]Figure 1.23: Jurassic-aged sandstone makes up the walls of Antelope Canyon in the American Southwest. The slot canyon itself is estimated to have been naturally carved out over the last 5–6 million years. Figure description available at the end of the chapter. Sediments come to rest in a process known as deposition. As the deposited sediments accumulate—often under water, such as in a shallow marine environment—the older sediments get buried by the new deposits. The deposits are compacted by the weight of the overlying sediments, and individual grains are cemented together by minerals in groundwater. These processes of compaction and cementation are called lithification. Lithified sediments are considered a sedimentary rock, such as sandstone and shale. Other sedimentary rocks are made by direct chemical precipitation of minerals rather than eroded sediments and are known as chemical sedimentary rocks.
 [image: Grey-and-orange rock with wavy texture.]Figure 1.24: Metamorphic rock in Georgian Bay, Ontario. Figure description available at the end of the chapter. Preexisting rocks may be transformed into metamorphic rocks (meta- means “change” and -morphos means “form” or “shape”). When rocks are subjected to extreme increases in temperature or pressure, the mineral crystals are enlarged or altered into entirely new minerals with similar chemical makeups. High temperatures and pressures occur in rocks that are buried deep within the Earth’s crust or that come into contact with hot magma or lava. If the temperature and pressure conditions melt the rocks to create magma and lava, the rock cycle begins anew with the creation of new rocks.
 1.5.3 Plate Tectonics and Layers of Earth
 [image: Figure description available at the end of the chapter.]Figure 1.25: Map of the major plates and their motions along boundaries. Figure description available at the end of the chapter. The theory of plate tectonics is the fundamental unifying principle of geology and the rock cycle. Plate tectonics describes how Earth’s layers move relative to each other, focusing on the tectonic or lithospheric plates of the outer layer. Tectonic plates float, collide, slide past each other, and split apart on an underlying mobile layer called the asthenosphere. Major landforms are created at the plate boundaries, and rocks within the tectonic plates move through the rock cycle. Plate tectonics is discussed in more detail in Chapter 2.
 [image: Figure description available at the end of the chapter.]Figure 1.26: The global map of the depth of the boundary between the crust and mantle. Figure description available at the end of the chapter. Earth’s three main geological layers can be categorized by chemical composition or the chemical makeup: crust, mantle, and core. The crust is the outermost layer and is composed of mostly silicon, oxygen, aluminum, iron, and magnesium. There are two types, continental crust and oceanic crust. Continental crust is about 50 km (30 mi) thick and is composed of low-density igneous and sedimentary rocks. Oceanic crust is approximately 10 km (6 mi) thick and made of high-density igneous basalt-type rocks. Oceanic crust makes up most of the ocean floor, covering about 70% of the planet. Tectonic plates are made of crust and a portion the upper mantle, forming a rigid physical layer called the lithosphere.
 [image: Figure description available at the end of the chapter.]Figure 1.27: The layers of the Earth. Physical layers include lithosphere and asthenosphere; chemical layers are crust, mantle, and core. Figure description available at the end of the chapter. The mantle, the largest chemical layer by volume, lies below the crust and extends down to about 2,900 km (1,800 mi) below the Earth’s surface. The mostly solid mantle is made of peridotite, a high-density rock composed of silica, iron, and magnesium. The upper part of mantel is very hot and flexible, which allows the overlying tectonic plates to float and move about on it. Under the mantle is the Earth’s core, which is 3,500 km (2,200 mi) thick and made of iron and nickel. The core consists of two parts, a liquid outer core and solid inner core. Rotations within the solid and liquid metallic core generate Earth’s magnetic field (see Figure 1.27).
 1.5.4 Geologic (Deep) Time
 [image: Figure description available at the end of the chapter.]Figure 1.28: Geologic time on Earth, represented circularly, showing the individual time divisions and important events. Ga = billion years ago, Ma = million years ago. Figure description available at the end of the chapter. “The result, therefore, of our present enquiry is that we find no vestige of a beginning, no prospect of an end.” (James Hutton, 1788)

 One of the early pioneers of geology, James Hutton, wrote this about the age of the Earth after many years of geological study. Although he wasn’t exactly correct—there is a beginning and will be an end to planet Earth—Hutton was expressing the difficulty humans have in perceiving the vastness of geological time. Hutton did not assign an age to the Earth, although he was the first to suggest the planet was very old.
 Today, we know Earth is approximately 4.54 ± 0.05 billion years old. This age was first calculated by Caltech professor Clair Patterson in 1956, who measured the half-lives of lead isotopes to radiometrically date a meteorite recovered in Arizona. Studying geologic time, also known as deep time, can help us move past a limited perspective of Earth based on our short lifetimes. Compared to the geologic scale, the human lifespan is very short, resulting in our struggle to comprehend the depth of geologic time and slowness of geologic processes. For example, the study of earthquakes only goes back about 100 years; however, there is geologic evidence of large earthquakes occurring thousands of years ago, with scientific evidence indicating that earthquakes will continue for many centuries into the future.
 [image: Figure description available at the end of the chapter.]Figure 1.29: Geologic timescale showing time period names and ages. Figure description available at the end of the chapter. Eons are the largest divisions of time and are named, from oldest to youngest, Hadean, Archean, Proterozoic, and Phanerozoic. The three oldest eons are sometimes collectively referred to as Precambrian time.
 Life first appeared more than 3,800 million years ago (Ma). From 3,500 Ma to 542 Ma, or 88% of geologic time, the predominant life forms were single-celled organisms such as bacteria. More complex organisms appeared only more recently during the current Phanerozoic Eon, which includes the last 542 million years, or 12% of geologic time.
 The name Phanerozoic comes from phaneros, which means “visible,” and zoic, meaning “life.” This eon marks the proliferation of multicellular animals with hard body parts, such as shells, which are preserved in the geological record as fossils. Land-dwelling animals have existed for 360 million years, or 8% of geologic time. The demise of the dinosaurs and subsequent rise of mammals occurred around 65 Ma, spanning 1.5% of geologic time. Our human ancestors belonging to the genus Homo have existed for approximately 2.2 million years—0.05% of geological time, or just 1/2,000th the total age of Earth.
 The Phanerozoic Eon is divided into three eras: Paleozoic, Mesozoic, and Cenozoic. Paleozoic means “ancient life,” and organisms of this era include invertebrate animals, fish, amphibians, and reptiles. The Mesozoic (“middle life”) is popularly known as the Age of Reptiles and is characterized by the abundance of dinosaurs, many of which evolved into birds. The mass extinction of the dinosaurs and other apex predator reptiles marked the end of the Mesozoic and beginning of the Cenozoic. Cenozoic means “new life” and is also called the Age of Mammals, during which mammals evolved to become the predominant land-dwelling animals. Fossils of early humans, or hominids, appear in the rock record only during the last few million years of the Cenozoic. The geologic timescale, geologic time, and geologic history are discussed in more detail in Chapters 7 and 8.
 1.5.5 The Geologist’s Tools
 [image: Figure description available at the end of the chapter.]Figure 1.30: Dr. Laura Neser using a Brunton compass to measure the orientation of tilted sedimentary rocks in northwestern Wyoming. Figure description available at the end of the chapter. A geologist’s tool can be as simple as a rock hammer used for sampling a fresh surface of a rock. A basic toolset for fieldwork might also include:
 	Magnifying lens for looking at mineralogical details
 	Compass for measuring the orientation of geologic features
 	Map for documenting the local distribution of rocks and minerals
 	Magnet for identifying magnetic minerals like magnetite
 	Dilute solution of hydrochloric acid to identify carbonate-containing minerals like calcite or limestone.
 
 In the laboratory, geologists use optical microscopes to closely examine rocks and soil for mineral composition and grain size. Laser and mass spectrometers precisely measure the chemical composition and geological age of minerals. Seismographs record and locate earthquake activity or, when used in conjunction with ground penetrating radar, locate objects buried beneath the surface of the earth. Scientists apply computer simulations to turn their collected data into testable, theoretical models. Hydrogeologists drill wells to sample and analyze underground water quality and availability. Geochemists use scanning electron microscopes to analyze minerals at the atomic level via x-rays. Other geologists use gas chromatography to analyze liquids and gases trapped in glacial ice or rocks.
 Technology provides new tools for scientific observation, which leads to new evidence that helps scientists revise and even refute old ideas. Because the ultimate technology will never be discovered, the ultimate observation will never be made. And this is the beauty of science—it is always advancing through new discoveries.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 1.5 via the QR code.
  Igneous rocks form by ___________.
 
 
 	crystallization
 
 
 
 	heat and pressure
 
 
 
 	erosion
 
 
 
 	melting
 
 
 
 	lithification
 
 
 
 
 
 
 	
 	
 
 
 
 
 
 Which layer of the Earth is liquid?
 
 
 	Asthenosphere
 
 
 
 	Inner core
 
 
 
 	Lithosphere
 
 
 
 	Outer core
 
 
 
 	Mantle
 
 
 
 
 
 
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=817#h5p-23 
 
 1.6 Science Denial and Evaluating Sources
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=817#oembed-1 
 
 [image: QR code]
 Video 1.1: Science in America
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 [image: Figure description available at the end of the chapter.]Figure 1.31: Anti-evolution league at the infamous Tennessee v. Scopes trial. Figure description available at the end of the chapter. Introductory science courses usually deal with accepted scientific theory and do not include opposing ideas, even though these alternate ideas may be credible. This makes it easier for students to understand the complex material. Advanced students will encounter more controversies as they continue to study their discipline.
 Various groups argue that some established scientific theories are wrong—an assertion that is not based on their scientific merit but rather on the ideology of the group. This section focuses on how to identify evidence based information and differentiate it from pseudoscience.
 1.6.1 Science Denial
 [image: Huge crowd of people marching on the street holding a banner that says "March for Science"]Figure 1.32: 2017 March for Science in Washington, DC. This and other similar marches were in response to funding cuts and anti-science rhetoric. Figure description available at the end of the chapter. Science denial involves arguing that established scientific theories are wrong based on subjective ideology—such as social, political, or economic reasons. Organizations and people use science denial as a rhetorical argument against issues or ideas they oppose. Three examples of science denial can be seen in controversies surrounding: 1) teaching evolution in public schools, 2) linking tobacco smoke to cancer, and 3) linking human activity to climate change. Among these, denial of climate change is strongly connected with geology. A climate denier specifically denies or doubts the objective conclusions of geologists and climate scientists.
 [image: Shows three pillars labeled "Undermine the Science", "Claim the Result is Evil", and "Demand Equal Time".]Figure 1.33: Three false rhetorical arguments of science denial. Figure description available at the end of the chapter. Science denial generally uses three false arguments. The first argument tries to undermine the credibility of a scientific conclusion by claiming the research methods are flawed or the theory is not universally accepted—the science is unsettled. The notion that scientific ideas are not absolute creates doubt for nonscientists; however, a lack of universal truths should not be confused with scientific uncertainty. Since science is based on falsifiability, scientists avoid claiming universal truths and use language that conveys uncertainty. This allows scientific ideas to change and evolve as more evidence is uncovered.
 The second argument claims the researchers are not objective and are motivated by an ideology or economic agenda. This is an ad hominem argument in which a person’s character is attacked instead of the merit of their argument. They claim results have been manipulated so researchers can justify asking for more funding. They claim that, because the researchers are funded by federal grants, they are using their results to lobby for expanded government regulation.
 The third argument is to demand a balanced view, with equal time in media coverage and educational curricula, to engender the false illusion of two equally valid arguments. Science deniers frequently demand equal coverage of their proposals, even when there is little scientific evidence supporting their ideology. For example, science deniers might demand that religious explanations be taught as an alternative to the well-established theory of evolution or that all possible causes of climate change be discussed as equally probable, regardless of the body of evidence. Conclusions derived using the scientific method should not be confused with those based on ideologies.
 Furthermore, conclusions about nature derived from ideologies have no place in science research and education. For example, it would be inappropriate to teach the flat Earth model in a modern geology course because this idea has been disproved by the scientific method. The formation of new conclusions based on the scientific method is the only way to change scientific conclusions. The fact that scientists avoid universal truths and change their ideas as more evidence is uncovered shouldn’t be seen as an indication that the science is unsettled. Unfortunately, widespread scientific illiteracy allows these arguments to be used to suppress scientific knowledge and spread misinformation.
 [image: Figure description available at the end of the chapter.]Figure 1.34: The lag time between cancer after smoking, plus the ethics of running human trials, delayed the government in taking action against tobacco. Figure description available at the end of the chapter. In a classic case of science denial, beginning in the 1960s and for the next three decades, the tobacco industry and their scientists used rhetorical arguments to deny a connection between tobacco usage and cancer. Once it became clear that scientific studies overwhelmingly found that using tobacco dramatically increased a person’s likelihood of getting cancer, their next strategy was to create a sense of doubt around the science. The tobacco industry suggested the results were not yet fully understood and more study was needed. They used this doubt to lobby for delaying legislative action that would warn consumers of the potential health hazards. This same tactic is currently being employed by those who deny the significance of human involvement in climate change.
 1.6.2 Evaluating Sources of Information
 [image: Figure description available at the end of the chapter.]Figure 1.35: This graph shows earthquake data. To call this data induced due to fracking would be an interpretation. Figure description available at the end of the chapter. In the age of the internet, information is plentiful. Geologists, scientists, or anyone exploring scientific inquiry must discern valid sources of information from pseudoscience and misinformation. This evaluation is especially important in scientific research because scientific knowledge is respected for its reliability. Textbooks such as this one can aid in this complex and crucial task. At its roots, quality information comes from the scientific method, beginning with the empirical thinking of Aristotle. The application of the scientific method helps produce unbiased results. A valid inference or interpretation is based on objective evidence or data. Credible data and inferences are clearly labeled, separated, and differentiated. Anyone looking over the data can understand how the author’s conclusion was derived or can come to an alternative conclusion. Scientific procedures are clearly defined to ensure that the investigation can be replicated to confirm the original results or expanded further to produce new results. These measures make a scientific inquiry valid and its use as a source reputable. Of course, substandard work occasionally slips through and retractions are published from time to time. An infamous article linking the MMR vaccine to autism appeared in the highly reputable journal Lancet in 1998. Journalists discovered the author had multiple conflicts of interest and fabricated data, and the article was retracted in 2010.
 [image: The geological society of America logo]Figure 1.36: Logo for the Geological Society of America, one of the leading geoscience organizations. They also publish GSA Bulletin, a reputable geology journal. Figure description available at the end of the chapter. In addition to methodology, data, and results, the authors of a study should be investigated when looking into any research. An author’s credibility is based on multiple factors, such as having a degree in a relevant topic or being funded by an unbiased source.
 The same rigor should be applied to evaluating the publisher, ensuring that the results reported come from an unbiased process. The publisher should be easy to discover. Good publishers will include the latest papers in the journal and make their contact information and identification clear. Reputable journals show their peer review style. Some journals are predatory, requiring unexplained and unnecessary fees to submit and access journals. Reputable journals also have recognizable editorial boards. Often, a reliable journal will associate with a trade, association, or recognized open source initiative.
 One of the hallmarks of scientific research is peer review. Research should be transparent to peer review. This allows the scientific community to reproduce experimental results, correct and retract errors, and validate theories.
 Citation is not just important because it avoids plagiarism; it also allows readers to investigate an author’s line of thought and conclusions. When reading scientific works, it is important to confirm the citations are from reputable scientific research. Most often, scientific citations are used to reference instances of paraphrasing rather than direct quotes. The number of times a work is cited is said to be a measure of the influence an investigation has within the scientific community, although this technique is inherently biased.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 1.6 via the QR code.
  Which of the following is NOT important in judging the credibility of a source?
 
 
 	Research was reviewed by peers who have expertise in the field
 
 
 
 	Made by scientists who have never been wrong before
 
 
 
 	Produced by an institution with a long history of being trustworthy
 
 
 
 	Source contains references to other peer-reviewed sources
 
 
 
 	Inferences clearly distinguished from data in report
 
 
 
 
 
 
 	
 	
 
 
 
 
 
 Science deniers commonly use three rhetorical arguments. What is one they don’t generally use?
 
 
 	Present alternative scientific data to disprove scientific conclusions.
 
 
 
 	Claim the scientific methods are flawed.
 
 
 
 	Demand equal time for "balanced" view.
 
 
 
 	Attack the scientists personally.
 
 
 
 
 
 
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=817#h5p-24 
 
 Summary
 Science is a process with no beginning and no end. Science is never finished because a full truth can never be known. However, science and the scientific method are the best way to understand the universe in which we live. Scientists draw conclusions based on objective evidence; they then consolidate these conclusions into unifying models. Geologists likewise understand that studying the Earth is an ongoing process, beginning with James Hutton who declared the Earth has “no vestige of a beginning, no prospect of an end.” Geologists explore the 4.5 billion-year history of Earth, its resources, and its many hazards. From a larger viewpoint, geology can teach people how to develop credible conclusions, as well as identify and stop misinformation.
 [image: QR code]
 Take this quiz to check your comprehension of this chapter.
 If you are using an offline version of this text, access the quiz for Chapter 1 via the QR code.
  Why do scientists prefer quantitative data?
 
 
 	More aesthetically pleasing
 
 
 
 	Give a higher degree of certainty
 
 
 
 	Easier to look at and think about
 
 
 
 	The data last longer and can be stored better.
 
 
 
 	Reveal trends and show options for analysis
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Why are objective observations so important to science?
 
 
 	They produce the numbers used in scientific calculations.
 
 
 
 	They are 100% free of bias.
 
 
 
 	They can only be done by trained scientists.
 
 
 
 	They can be stated by anyone.
 
 
 
 	They are helpful in removing bias.
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 In the scientific method, which step would normally follow an initial observation?
 
 
 	Hypothesis revision
 
 
 
 	Data analysis
 
 
 
 	Hypothesis development
 
 
 
 	Peer review
 
 
 
 	Theory development
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Deductive reasoning focuses on ____________, while inductive reasoning deals with _____________.
 
 
 	intelligence; observation
 
 
 
 	observation; inference
 
 
 
 	intelligence; inference
 
 
 
 	observation; intelligence
 
 
 
 	inference; observation
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 As metamorphism progresses and intensifies in the rock cycle, what event or process is likely to take place next?
 
 
 	Igneous rock
 
 
 
 	Lithification
 
 
 
 	Crystallization
 
 
 
 	Melting
 
 
 
 	Weathering
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Which large chunk of geologic time is characterized by the lack of easy-to-find fossils?
 
 
 	Silurian
 
 
 
 	Paleozoic
 
 
 
 	Permian
 
 
 
 	Phanerozoic
 
 
 
 	Precambrian
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Which of the following geologic phenomena is outside the realm of uniformitarianism?
 
 
 	When sea levels are high, marine rocks form on continents.
 
 
 
 	Landslides typically occur in areas where they have in the past.
 
 
 
 	Banded iron formed as oxygen entered the atmosphere.
 
 
 
 	Diamonds come from deep upper-mantle processes.
 
 
 
 	Ophiolites are parts of the ocean floor brought to the surface.
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 The observation that “23% of the sandstone is composed of the mineral quartz” is best characterized as a ________ observation.
 
 
 	qualitative and objective
 
 
 
 	quantitative and subjective
 
 
 
 	quantitative and objective
 
 
 
 	qualitative and deductive
 
 
 
 	quantitative and deductive
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Why did Aristotelian empiricism fall out of favor as science advanced?
 
 
 	It did not allow theories to change.
 
 
 
 	It was made illegal by dictators.
 
 
 
 	It was based outside the moral fabric of the church.
 
 
 
 	It relied on evidence observable only by human senses.
 
 
 
 	It stated only scholars could progress science.
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=817#h5p-25 
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 Figure 1.2: Aerial view of modern canyons carved through dark gray unconsolidated volcanic deposits with sparse vegetation in the area.
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 Figure 1.8: Mural painting of Plato and Aristotle walking together while dressed in Greek robes.
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 Figure 1.10: Illustration of the Ptolemaic geocentric conception of the Universe. The left-hand side of the diagram shows the distances of the bodies to the center of the Earth and the right-hand side shows each body’s time of revolution, in years. The text is in Portuguese.
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 Figure 1.13: Black and white illustration of a shark head with a close-up view of a fossil shark tooth and a modern shark tooth at the bottom of the page.
 Figure 1.14: Black and white drawings of the jaw of an Indian elephant and the fossil jaw of a mammoth. Side views of each jaw are on the left and front views of each jaw are on the right.
 Figure 1.15: Idealized cross section of part of the Earth’s crust with a volcano and its magma chambers in the center.
 Figure 1.16: Headshot of an older man wearing a suit and tie.
 Figure 1.17: A group of women look at geological folds on a rock in Ireland.
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 Figure 1.19: A power plant with steam coming out, surrounded by rocky hills on either side.
 Figure 1.20: Three rows of rectangular-shaped buildings with the second and third rows of buildings having fallen over.
 Figure 1.21: A large hole in the top of a mountain that is filled with a lake. There is also an island in the lake.
 Figure 1.22: The rock cycle (clockwise). Magma turns to Igneous rock through crystallization. Igneous rocks turn to sediment through weathering. Sediment turns to sedimentary rocks through transport and deposition and burial and lithification. Sedimentary rocks turn to metamorphic rocks through textural and or chemical damage. Metamorphic rocks turn to magma through melting. Igneous rocks turn to metamorphic rocks through textural and/or chemical damage. metamorphic and sedimentary rocks endure weathering by exhumation of rock back to Earth’s surface.
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 Figure 1.25: World map with the largest tectonic plates outlined and filled in with a different color for each plate: the Eurasian Plate is colored green, the North American Plate is gray, the Australian Plate is orange, the Filipino Plate is red, the Pacific Plate is yellow, the Juan de Fuca and Cocos Plates are blueish purple, the Nazca Plate is light blue, the Antarctic Plate is dark blue, the Scotia Plate is medium blue, the Caribbean plate is pinkish orange, the South American Plate is purple, the African Plate is dark orange, the Arabian Plate is yellow, and the Indian Plate is dark red.
 Figure 1.26: World map with the Moho depth color coded on the map: red is the deepest while blue is the shallowest. The Moho is deepest under central Asia and western South America, and the Moho is shallowest under the world ocean basins.
 Figure 1.27: From core to surface: Inner core (solid), outer core (liquid), mantle (including asthenosphere), crust (including lithosphere)
 Figure 1.28: From oldest to newest time divisions: Hadean, archean, proterozoic, paleozoic, mesozoic, cenozoic. 4550 Ma: formation of the earth. 4527 Ma: formation of the moon.4000 Ma: end of the late heavy bombardment; first life. 3200 Ma: earliest start of photosynthesis. 2300 Ma: atmosphere becomes oxygen-rich; first snowball earth. 750-635 Ma: two snowball earths. 530 Ma: cambrian explosion. 380 Ma: first vertebrate land animals. 230-66 Ma: Non-avian dinosaurs. 2 Ma: first hominins.
 Figure 1.29: Precambrian eon is made up of haydean, archean, and proterozoic eons. Phanerozoic eon is made up of paleozoic (permian, pennsylvanian, mississippian, devonian, silurian, ordovician, cambrian periods), mesozoic (cretaceous, jurassic, triassic periods), and cenozoic eras (quaternary and tertiary periods).
 Figure 1.30: Woman wearing a red tee shirt and tan pants sitting on a steeply tilted tan rock bed while leaning forward and holding a compass against the face of another steeply tilted tan rock bed in front of her.
 Figure 1.31: A group of 12 people stand below a banner that says “T.T. Martin Headquarters Anti-Evolution League ‘The Conflict’ – “Hell & The High School’
 Figure 1.32: Huge crowd of people marching on the street holding a banner that says “March for Science”
 Figure 1.33: Shows three pillars labeled “Undermine the Science”, “Claim the Result is Evil”, and “Demand Equal Time”.
 Figure 1.34: Cigarettes smoked per person per year and lung cancer deaths per 100,000 people shown on the same timeline. cigarette consumption (men) and lung cancer (men) have the same increasing slope, only lung cancer is 20 years delayed.
 Figure 1.35: A bar graph: the y-axis is “Number of M3+ Earthquakes” with a scale of 0 to 1200, and the x-axis is the year in question with a scale of 1970 to 2020. The bars spike sharply up after the year 2009, with the highest bar peak in 2015. There is also an inset map of the central United States that has dots of locations of earthquakes during this period, color-coded by magnitude. The densest cluster is in Oklahoma.
 Figure 1.36: The geological society of America logo
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				 Learning Objectives
  By the end of this chapter, students should be able to:
 	Describe the role of greenhouse gases in climate change.
 	Describe the sources of greenhouse gases.
 	Explain Earth’s energy budget and global temperature changes.
 	Explain how positive and negative feedback mechanisms can influence climate.
 	Explain how we know about climates of the geologic past.
 	Accurately describe which aspects of the environment are changing due to anthropogenic climate change.
 	Describe the causes of recent climate change, particularly the role of humans in the overall climate balance.
 	Describe projected climatic changes and the various options we have for decreasing greenhouse gas emissions.
 
 
 
 This chapter describes the Earth systems involved in climate change, the geologic evidence of past climate changes, and the human role in today’s climate change. In science, a system is a group of interacting objects and processes. Earth system science is the study of these systems: geosphere (rocks), atmosphere (gases), hydrosphere (water), cryosphere (ice), and biosphere (living things). Earth science studies these systems and how they interact and change in response to natural cycles and anthropogenic (human-driven) forces. Changes in one Earth system affect other systems.
 It is critically important for us to be aware of the geologic context of climate change processes and how these Earth systems interact, first, for us to understand how and why human activities cause present-day climate change and, second, to distinguish between natural processes and human processes in the geologic past’s climate record.
 A significant part of this chapter introduces and discusses various processes from these Earth systems, how they influence each other, and how they impact global climate. For example, Earth’s temperature and climate largely change based on atmospheric gas composition, ocean circulation, and the land-surface characteristics of rocks, glaciers, and plants.
 As previously mentioned in the Meteorology chapter, understanding climate change requires the ability to distinguish between climate and weather. Weather is the short-term temperature and precipitation patterns that occur in days and weeks. Climate is the variable range of temperature and precipitation patterns averaged over the long-term for a particular region (see Section 13.1). Thus, a single cold winter does not mean that the entire globe is cooling; indeed, the United States’ cold winters of 2013 and 2014 occurred while the rest of the Earth was experiencing record warm-winter temperatures. To avoid these generalizations, many scientists use a 30-year average as a good baseline. Therefore, climate change refers to slow temperature and precipitation changes and trends over the long term for a particular area or the Earth as a whole.
 15.1 Earth’s Temperature
 Without an atmosphere, Earth would have huge temperature fluctuations between day and night, as the Moon does. Daytime temperatures would be hundreds of degrees Celsius above normal, and nighttime temperatures would be hundreds of degrees below normal. Because the Moon doesn’t have much of an atmosphere, its daytime temperatures are around 106°C (223°F) and nighttime temperatures are around -183°C (-298°F). That is an astonishing 289°C (521°F) degree range between the Moon’s light side and dark side. This section describes how Earth’s atmosphere is involved in regulating the Earth’s temperature.
 15.1.1 Composition of Atmosphere
 [image: Figure description available at the end of the chapter.]Figure 15.1: Composition of the atmosphere. Figure description available at the end of the chapter. The atmosphere’s composition is a key component in regulating the planet’s temperature. The atmosphere is 78% nitrogen (N2), 21% oxygen (O2), 1% argon (Ar), and less than 1% trace components, which are all other gases. Trace components include carbon dioxide (CO2), water vapor (H2O), neon, helium, and methane. Water vapor is highly variable, mostly based on region, and composes about 1% of the atmosphere. Trace component gases include several important greenhouse gases, which are the gases responsible for warming and cooling the plant. On a geologic scale, volcanoes and the weathering process, which bury CO2 in sediments, are the atmosphere’s CO2 sources. Biological processes both add and subtract CO2 from the atmosphere.
 Greenhouse gases trap heat in the atmosphere and warm the planet by absorbing some of the longer-wave outgoing infrared radiation that is emitted from Earth, thus keeping heat from being lost to space. More greenhouse gases in the atmosphere absorb more longwave heat and make the planet warmer. Greenhouse gases have little effect on shorter-wave incoming solar radiation.
 [image: Figure description available at the end of the chapter.]Figure 15.2: Common greenhouse gases. Figure description available at the end of the chapter. The most common greenhouse gases are water vapor (H2O), carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O). Water vapor is the most abundant greenhouse gas, but its atmospheric abundance does not change much over time. Carbon dioxide is much less abundant than water vapor, but carbon dioxide is being added to the atmosphere by human activities such as burning fossil fuels, land-use changes, and deforestation. Further, natural processes such as volcanic eruptions add carbon dioxide, but this occurs at an insignificant rate compared to human-caused contributions.
 There are two important reasons why carbon dioxide is the most important greenhouse gas. First, carbon dioxide stays in the atmosphere and does not go away for hundreds of years. Second, most of the additional carbon dioxide is “fossil” in origin, which means that it is released by burning fossil fuels. For example, coal and petroleum are fossil fuels. Coal and oil are made from long-dead plant material, which was originally created by photosynthesis millions of years ago and stored in the ground. Photosynthesis combines sunlight and carbon dioxide to create the substances of plants. This transformation occurs over millions of years as a slow process, accumulating fossil carbon in rocks and sediments. So, when we burn coal and oil, we instantaneously release the stored solar energy and fossil carbon dioxide that took millions of years to accumulate in the first place. The rate of release is critical to comprehend current climate change.
 15.1.2 Carbon Cycle
 Understanding global climate change requires an understanding of the carbon cycle and how Earth’s own carbon-balancing system is being rapidly thrown off balance by human-driven activities. Earth has two important carbon cycles: the biological and the geological. In the biological cycle, living organisms—mostly plants—consume carbon dioxide from the atmosphere to make their tissues and substances through photosynthesis. Then, after the organisms die and then decay over years or decades, that carbon is released back into the atmosphere. The following is the general equation for photosynthesis.
 CO2 + H2O + sunlight → sugars + O2
 In the geological carbon cycle, a portion of the biological-cycle carbon becomes part of the geological carbon cycle: plant materials into coal and petroleum, tiny fragments and molecules into organic-rich shale, and the carbonate-bearing calcareous shells and other parts of marine organisms into limestone. Such materials become buried and become part of the slow geologic formation of coal and other sedimentary materials. This cycle actually involves most of Earth’s carbon and operates very slowly.
 [image: Figure description available at the end of the chapter.]Figure 15.3: Carbon cycle. Figure description available at the end of the chapter. The following are geological carbon-cycle storage reservoirs:
 	Organic matter from plants is stored in peat, coal, and permafrost for thousands to millions of years.
 	Silicate-mineral weathering converts atmospheric carbon dioxide to dissolved bicarbonate, which is stored in the oceans for thousands to tens of thousands of years.
 	Marine organisms convert dissolved bicarbonate to forms of calcite, which is stored in carbonate rocks for tens to hundreds of millions of years.
 	Carbon compounds are directly stored in sediments for tens to hundreds of millions of years; some end up in petroleum deposits.
 	Carbon-bearing sediments are transferred by subduction to the mantle, where the carbon may be stored for tens of millions to billions of years.
 	Carbon dioxide from within the Earth is released back to the atmosphere during volcanic eruptions, where it is stored for years to decades.
 
 During much of Earth’s history, the geological carbon cycle has been balanced by volcanoes releasing carbon at approximately the same rate that carbon is stored by the other processes. Under these conditions, Earth’s climate has remained relatively stable. However, in Earth’s history, there have been times when that balance has been upset. This can happen during prolonged stretches of above-average volcanic activity. One example is the Siberian Traps eruption around 250 million years ago, which contributed to strong climate warming over a few million years.
 A carbon imbalance is also associated with significant mountain-building events. For example, the Himalayan Range has been forming for about 40 million years, and over that time—and still today—the rate of weathering on Earth has been enhanced because the huge mountains and extensive range present a greater surface area on which weathering takes place. The weathering of these rocks—most importantly the hydrolysis of feldspar—has resulted in consumption of atmospheric carbon dioxide and transfer of the carbon to the oceans and to ocean-floor carbonate-rich sediments. The steady drop in carbon dioxide levels over the past 40 million years, which contributed to the Pliocene-Pleistocene glaciations, is partly attributable to the formation of the Himalayan Range.
 Another, nongeological form of carbon-cycle imbalance is happening today on a very rapid timescale. In just a few decades, humans have extracted volumes of fossil fuels, such as coal, oil, and gas stored in rocks over the past several hundred million years, and converted these fuels to energy and carbon dioxide. By doing so, we are changing the climate faster than has ever happened in the past. Remember, carbon dioxide stays in the atmosphere and does not go away for hundreds of years. The more greenhouse gases in the atmosphere, the more heat is trapped and the warmer the planet becomes.
 15.1.3 Greenhouse Effect
 The greenhouse effect is the reason our global temperature is rising, but it’s important to understand what this effect is and how it occurs. The greenhouse effect occurs because greenhouse gases are present in the atmosphere. The greenhouse effect is named after a similar process that warms a greenhouse or a car on a hot summer day. Sunlight passes through the glass of the greenhouse or car, reaches the interior, and changes into heat. The heat radiates upward and gets trapped by the glass windows. The greenhouse effect for the Earth can be explained in three steps.
 Step 1: Solar radiation from the Sun is composed of mostly ultraviolet (UV) light, visible light, and infrared (IR) radiation. Components of solar radiation include parts with a shorter wavelength than visible light, like ultraviolet light, and parts of the spectrum with longer wavelengths, like IR and others. Some of the radiation gets absorbed, scattered, or reflected by the atmospheric gases, but about half of the solar radiation eventually reaches the Earth’s surface.
 [image: Figure description available at the end of the chapter.]Figure 15.4: Incoming radiation absorbed, scattered, and reflected by atmospheric gases. Figure description available at the end of the chapter. Step 2: The visible, UV, and IR radiation that reaches the surface converts to heat energy. Most students have experienced sunlight warming a surface such as pavement, a patio, or deck. When this occurs, the warmer surface then emits thermal radiation, which is a type of IR radiation. Then there is a conversion from visible, UV, and IR to just thermal IR. This thermal IR is what we experience as heat. If you have ever felt heat radiating from a fire or a hot stovetop, then you have experienced thermal IR.
 Step 3: Thermal IR radiates from the Earth’s surface back into the atmosphere. But since it is thermal IR instead of UV, visible, or regular IR, this thermal IR gets trapped by greenhouse gases. In other words, the Sun’s energy leaves the Earth at a different wavelength than it enters, so the Sun’s energy is not absorbed in the lower atmosphere when energy is coming in, rather occurring when the energy is going out. The gases that are mostly responsible for this energy blocking on Earth include carbon dioxide, water vapor, methane, and nitrous oxide. The presence of more greenhouse gases in the atmosphere results in more thermal IR being trapped. Explore this external link to an interactive animation on the greenhouse effect from the National Academy of Sciences.
 15.1.4 Earth’s Energy Budget
 The solar radiation that reaches Earth is relatively uniform over time. Earth is warmed, and energy or heat radiates from the Earth’s surface and lower atmosphere back to space. This flow of incoming and outgoing energy is Earth’s energy budget. For Earth’s temperature to be stable over long stretches of time, incoming energy and outgoing energy have to be equal on average so that the energy budget at the top of the atmosphere balances. About 29% of the incoming solar energy arriving at the top of the atmosphere is reflected back to space by clouds, atmospheric particles, or reflective ground surfaces like sea ice and snow. About 23% of incoming solar energy is absorbed in the atmosphere by water vapor, dust, and ozone. The remaining 48% passes through the atmosphere and is absorbed at the surface. Thus, about 71% of the total incoming solar energy is absorbed by the Earth system.
 [image: Figure description available at the end of the chapter.]Figure 15.5: Incoming solar radiation filtered by the atmosphere. Figure description available at the end of the chapter. When this energy reaches Earth, the atoms and molecules that make up the atmosphere and surface absorb the energy, and Earth’s temperature increases. If this material only absorbed energy, then the temperature of the Earth would continue to increase and eventually overheat. For example, if you continuously run a faucet in a stopped-up sink, the water level rises and eventually overflows. However, temperature does not infinitely rise because the Earth is not just absorbing sunlight; it is also radiating thermal energy or heat back into the atmosphere. If thetemperature of the Earth rises, the planet emits an increasing amount of heat to space, and this is the primary mechanism that prevents Earth from continually heating.
 [image: Figure description available at the end of the chapter.]Figure 15.6: Some of the thermal infrared energy (heat) radiated from the surface into the atmosphere is trapped by gases in the atmosphere. Figure description available at the end of the chapter. Some of the thermal infrared heat radiating from the surface is absorbed and trapped by greenhouse gases in the atmosphere, which act like a giant canopy over Earth. The more greenhouse gases in the atmosphere, the more outgoing heat Earth retains and the less thermal infrared heat dissipates to space.
 Factors beyond greenhouse gases can affect the Earth’s energy budget. Increasing solar energy can increase the energy Earth receives. However, these increases are very small over time. In addition, land and water will absorb more sunlight when there is less ice and snow to reflect the sunlight back to the atmosphere. For example, the ice covering the Arctic Sea reflects sunlight back to the atmosphere; this reflected light is called albedo. Furthermore, aerosols (dust particles) produced from burning coal, diesel engines, and volcanic eruptions can reflect incoming solar radiation and actually cool the planet.
 [image: Figure description available at the end of the chapter.]Figure 15.7: Contribution to observed climate change from 12 different drivers, as taken from the Summary for Policymakers of the Sixth IPCC Assessment Report. Future global warming potential for long-lived drivers like carbon dioxide emissions is not represented. Whiskers on each bar show the very likely range. Time period is 1850–1900 to 2010–2019. All contributions are from human activity, as natural variance and forcings have not contributed to warming in this time period. Figure description available at the end of the chapter. While the effect of anthropogenic aerosols on the climate’s system is weak, the effect of human-produced greenhouse gases is not weak. Thus, the net effect of human activity is warming due to more anthropogenic greenhouse gases associated with fossil fuel combustion.
 An effect that changes the planet can trigger feedback mechanisms that amplify or suppress the original effect. A positive feedback mechanism occurs when the output or effect of a process enhances the original stimulus or cause. Thus, it increases the ongoing effect. For example, the loss of sea ice at the North Pole makes that area less reflective, reducing albedo. This allows the surface air and ocean to absorb more energy in an area that was once covered by sea ice. Another example is melting permafrost. Permafrost is permanently frozen soil located in the high latitudes, mostly in the Northern Hemisphere. As the climate warms, more permafrost thaws, and the thick deposits of organic matter are exposed to oxygen and begin to decay. This oxidation process releases carbon dioxide and methane, which in turn causes more warming, which melts more permafrost, and so on.
 A negative feedback mechanism occurs when the output or effect reduces the original stimulus or cause. For example, in the short term, more carbon dioxide (CO2) is expected to cause forest canopies to grow, which absorb more CO2. Another example for the long term is that increased carbon dioxide in the atmosphere will cause more carbonic acid and chemical weathering, which results in the transportation of dissolved bicarbonate and other ions to the oceans, which are then stored in sediment.
 Global warming is evidence that Earth’s energy budget is not balanced. Positive feedback on Earth’s temperature is now greater than negative feedback.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 15.1 via the QR code.
  The atmosphere is mostly composed of _________.
 
 
 	water vapor
 
 
 
 	oxygen
 
 
 
 	nitrogen
 
 
 
 	carbon dioxide
 
 
 
 	argon
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Which type of radiation does the Sun emit?
 
 
 	Near infrared
 
 
 
 	Visible light
 
 
 
 	All of these
 
 
 
 	Ultraviolet
 
 
 
 	Far infrared
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Which best explains how sunlight can easily pass through the atmosphere, while heat energy radiated from the Earth’s surface has a harder time escaping the atmosphere?
 
 
 	The Sun is so much hotter than Earth.
 
 
 
 	Each specific wavelength of radiation interacts differently with atmospheric gases.
 
 
 
 	Sunlight is mostly visible radiation, while heat energy is hot.
 
 
 
 	The atmosphere has a different character from the bottom up verses the top down.
 
 
 
 	Sunlight moves at the speed of light, while heat energy moves more slowly in comparison.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=867#h5p-26 
 
 15.2 Evidence of Recent Climate Change
 While climate has changed often in the past due to natural causes (see Section 14.5.1 and Section 15.3), the scientific consensus is that human activity is causing very rapid climate change. While this seems like a new idea, it was suggested more than 75 years ago. This section describes the evidence of what most scientists agree is anthropogenic or human-caused climate change. For more information, watch the video below on climate change by two professors at the North Carolina State University.
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=867#oembed-1 
 
 [image: QR code]
 Video 15.1: Evidence for climate change
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 15.2.1 Global Temperature Rise
 The land-ocean temperature index, 1880 to present, compared to a base reference time of 1951–1980, shows ocean temperatures steadily rising. The solid black line is the global annual mean, and the solid red line is the five-year Lowess smoothing. The blue uncertainty bars (95% confidence limit) account only for incomplete spatial sampling.
 [image: Figure description available at the end of the chapter.]Figure 15.8: Land-ocean temperature index, 1880 to present, with a base time 1951–1980. The solid black line is the global annual mean, and the solid red line is the five-year Lowess smoothing. The blue uncertainty bars (95% confidence limit) account only for incomplete spatial sampling. The graph shows that Earth’s temperature is rising. Figure description available at the end of the chapter. Since 1880, Earth’s surface-temperature average has trended upward, with most of that warming occurring since 1970 (see this NASA animation). Surface temperatures include both land and ocean because water absorbs much additional trapped heat. Changes in land-surface or ocean-surface temperatures compared to a reference period from 1951 to 1980, where the long-term average remained relatively constant, are called temperature anomalies. A temperature anomaly thus represents the difference between the measured temperature and the average value during the reference period. Climate scientists calculate long-term average temperatures over thirty years or more, which identified the reference period from 1951 to 1980. Another common range is a century, for example, 1900–2000. Therefore, an anomaly of 1.25°C (2.25°F) for 2015 means that the average temperature for 2015 was 1.25°C (2.25°F) greater than the 1900–2000 average. In 1950, the temperature anomaly was -0.28°C (-0.504°F), so this is -0.28°C (-0.504°F) lower than the 1900–2000 average. These temperatures are annual average measured surface temperatures.
 This video of temperature anomalies shows worldwide temperature changes since 1880. The more blue, the cooler; the more yellow and red, the warmer.
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=867#oembed-6 
 
 [image: QR code]
 Video 15.2: Earth’s long-term warming trend can be seen in this visualization of NASA’s global temperature record, which shows how the planet’s temperatures are changing over time, compared to a baseline average from 1951 to 1980. The record is shown as a running five-year average.
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 In addition to average land-surface temperatures rising, the ocean has absorbed much heat. Because oceans cover about 70 percent of the Earth’s surface and have such a high specific heat value, they provide a large opportunity to absorb energy. The ocean has been absorbing about 80-to-90 percent of human activities’ additional heat. As a result, the top 700 meters (2,300 feet) of the global ocean has warmed about 0.83°C (1.5°F) since 1901 (watch this three-minute video by NASA JPL on the ocean’s heat capacity). The reason the ocean has warmed less than the atmosphere, while still taking on most of the heat, is due to water’s very high specific heat, which means that water can absorb a lot of heat energy with a small temperature increase. In contrast, the lower specific heat of the atmosphere means it has a higher temperature increase, as it absorbs less heat energy.
 Some scientists suggest that anthropogenic greenhouse gases do not cause global warming because between 1998 and 2013, Earth’s surface temperatures did not increase much, despite greenhouse gas concentrations continuing to increase. However, since the oceans are absorbing most of the heat, decade-scale circulation changes in the ocean, similar to La Niña, push warmer water deeper under the surface. Once the ocean’s absorption and circulation is accounted for and this heat is added back into surface temperatures, then temperature increases become apparent. Also, the ocean’s heat storage is temporary, as reflected in the record-breaking warm years of 2014–2016. Indeed, with this temporary ocean-storage effect, 15 of the twenty-first century’s first 16 years were the hottest in recorded history.
 15.2.2 Carbon Dioxide
 Anthropogenic greenhouse gases, mostly carbon dioxide (CO2), have increased since the Industrial Revolution, when humans dramatically increased burning fossil fuels. These levels are unprecedented in the last 800,000-year Earth history as recorded in geologic sources such as ice cores. Carbon dioxide has increased by 40 percent since 1750, and the rate of increase has been the fastest during the last decade. For example, since 1750, 2,0409 tonnes (2,040 gigatons) of CO2 have been added to the atmosphere; about 40 percent has remained in the atmosphere, while the remaining 60 percent has been absorbed into the land by plants and soil or into the oceans. Indeed, during the lifetime of most young adults, the total atmospheric CO2 has increased by 50 ppm, or 15 percent.
 Charles Keeling, an oceanographer with Scripps Institution of Oceanography in San Diego, California, was the first person to regularly measure atmospheric CO2. Using his methods, scientists at the Mauna Loa Observatory, Hawai’i, have constantly measured atmospheric CO2 since 1957. NASA regularly publishes these measurements at https://keelingcurve.ucsd.edu. Go there now to see the very latest measurement. Keeling’s measured values have been posted in a curve of increasing values, called the Keeling curve. This curve varies up and down in a regular annual cycle, from summer when the plants in the Northern Hemisphere use CO2 to winter when they are dormant. But the curve shows a steady CO2 increase over the past several decades. This curve increases exponentially, not linearly, showing that the rate of CO2 increase is itself increasing.
 [image: Latest CO2 reading: 415.91 ppm.]Figure 15.9: Latest CO2 reading as of September 25, 2024. Figure description available at the end of the chapter. [image: Figure description available at the end of the chapter.]Figure 15.10: Keeling curve graph of the carbon dioxide concentration at Mauna Loa Observatory as of September 25, 2024. Figure description available at the end of the chapter. The following video shows how atmospheric CO2 has varied recently and over the last 800,000 years, as determined by an increasing number of CO2 monitoring stations (shown on the insert map). It is also instructive to watch the video’s Keeling portion of how CO2 varies by latitude. This shows that most human CO2 sources are in the Northern Hemisphere, which is home to most of the land and most of the developed nations.
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=867#oembed-2 
 
 
 [image: QR code]
 Video 15.3: History of atmospheric CO2 from 800,000 years ago until January 2016
 Visit https://gml.noaa.gov/ccgg/trends for more information.
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 15.2.3 Melting Glaciers and Shrinking Sea Ice
 [image: Figure description available at the end of the chapter.]Figure 15.11: Decline of Antarctic ice mass from 2002 to 2016. Figure description available at the end of the chapter. Glaciers are large ice accumulations that exist year-round on the land’s surface. In contrast, icebergs are masses of floating sea ice, although they may have had their origin in glaciers (see Glaciers chapter). Alpine glaciers, ice sheets, and sea ice are all melting. Explore melting glaciers at NASA’s interactive Global Ice Viewer. Satellites have recorded that Antarctica is melting at 1,189 tonnes (118 gigatons) per year, and Greenland is melting at 2,819 tonnes (281 gigatons) per year; 1 metric tonne is 1,000 kilograms (1 gigaton is over 2 trillion pounds). Almost all major alpine glaciers are shrinking, deflating, and retreating. The ice-mass loss rate is unprecedented—never observed before—since the 1940s, when quality records for glaciers began.
 Before anthropogenic warming, glacial activity was variable with some retreating and some advancing. Now, spring snow cover is decreasing, and sea ice is shrinking. Most sea ice is at the North Pole, which is only occupied by the Arctic Ocean and sea ice. The NOAA animation shows how perennial sea ice has declined from 1987 to 2015. The oldest ice is white, and the youngest, seasonal ice is dark blue. The amount of old ice has declined from 20% in 1985 to 3% in 2015.
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=867#oembed-3 
 
 [image: QR code]
 Video 15.4: This animation tracks the relative amount of ice of different ages from 1987 through early November 2015. The oldest ice is white; the youngest (seasonal) ice is dark blue. Key patterns are the export of ice from the Arctic through Fram Strait and the melting of old ice as it passes through the warm waters of the Beaufort Sea. Sea ice age is estimated by tracking of ice parcels using satellite imagery and drifting ocean buoys.
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 15.2.4 Rising Sea Level
 Sea level is rising 3.4 millimeters (0.13 inches) per year and rose 0.19 meters (7.4 inches) from 1901 to 2010. This is largely thought to be from both glaciers melting and thermal expansion of seawater. Thermal expansion means that, as objects such as solids, liquids, and gases heat up, they expand in volume.
 Below is a classic video demonstration (30 second) on thermal expansion with brass ball and ring (North Carolina School of Science and Mathematics).
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=867#oembed-4 
 
 [image: QR code]
 Video 15.5: Thermal expansion
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 15.2.5 Ocean Acidification
 Since 1750, about 40 percent of new anthropogenic carbon dioxide has remained in the atmosphere. The remaining 60 percent gets absorbed by the ocean and vegetation. The ocean has absorbed about 30 percent of that carbon dioxide. When carbon dioxide gets absorbed in the ocean, it creates carbonic acid. This makes the ocean more acidic, which then has an impact on marine organisms that secrete calcium carbonate shells. Recall that hydrochloric acid reacts by effervescing with limestone rock made of calcite, which is calcium carbonate. A more acidic ocean is associated with climate change and is linked to thinning the carbonate shells of some sea snails (pteropods) and small protozoan zooplanktons (foraminifera) and to ocean coral reefs’ declining growth rates. Small animals like protozoan zooplankton are an important component at the base of the marine ecosystem. Combined with warmer temperature and lower oxygen levels, acidification is expected to have severe impacts on marine ecosystems and human-harvested fisheries, possibly affecting our ocean-derived food sources.
  One or more interactive elements has been excluded from this version of the text. You can view them online here: https://opentext.uoregon.edu/pressbooksatuo/?p=867#oembed-7 
 
 [image: QR code]
 Video 15.6: Ocean acidification: The other carbon dioxide problem
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 15.2.6 Extreme Weather Events
 Extreme weather events such as hurricanes, precipitation, and heat waves are increasing and becoming more intense. Since the 1980s, hurricanes, which are generated from warm ocean water, have increased in frequency, intensity, and duration and are likely connected to a warmer climate. Since 1910, average precipitation has increased by 10 percent in the contiguous United States, and much of this increase is associated with heavy precipitation events. However, the distribution is not even, and more precipitation is projected for the Northern United States, while less precipitation is projected for the already dry Southwest. Also, heat waves have increased, and rising temperatures are already affecting crop yields in northern latitudes. Increased heat allows for greater moisture capacity in the atmosphere, increasing the potential for more extreme events.
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 15.2 via the QR code.
  The carbon dioxide levels today are around ________.
 
 
 	330 ppm
 
 
 
 	315 ppm
 
 
 
 	750 ppm
 
 
 
 	520 ppm
 
 
 
 	410 ppm
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Over the last 800,000 years, the highest pre-industrial concentration of carbon dioxide in atmosphere was _____.
 
 
 	approximately 300 ppm
 
 
 
 	approximately 410 ppm
 
 
 
 	approximately 860 ppm
 
 
 
 	approximately 520 ppm
 
 
 
 	approximately 315 ppm
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 If sea ice melts, what happens to sea level and why?
 
 
 	Sea level will NOT change if sea ice melts because, when it freezes, it warms up and expands slightly.
 
 
 
 	Sea level will NOT change if sea ice melts because the volume of sea ice is already accounted for in the ocean (it’s floating).
 
 
 
 	Sea level will NOT change if sea ice melts because, when it melts, it warms up and expands slightly.
 
 
 
 	Sea level WILL change if sea ice melts because melting ice in the sea adds more water.
 
 
 
 	Sea level WILL change if sea ice melts because melting ice contributes more water to the ocean volume, thus raising sea levels.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=867#h5p-27 
 
 15.3 Prehistoric Climate Change 
 [image: Figure description available at the end of the chapter.]Figure 15.12: Maximum extent of Laurentide ice sheet. Figure description available at the end of the chapter. Over Earth’s history, the climate has changed a lot. For example, during the Mesozoic Era, the Age of Dinosaurs, the climate was much warmer, and carbon dioxide was abundant in the atmosphere. However, throughout the Cenozoic Era, 65 million years ago to today, the climate has been gradually cooling. This section summarizes some of these major past climate changes.
 15.3.1 Past Glaciations
 Through geologic history, climate has changed slowly over millions of years. Before the most recent Pliocene-Quaternary glaciation, there were other major glaciations. The oldest, known as the Huronian, occurred toward the end of the Archean Eon-early Proterozoic Eon, about 2.5 billion years ago. The Great Oxygenation Event (see Chapter 8) occurred during that time and is most commonly associated with causing that glaciation. The increased oxygen is thought to have reacted with the potent greenhouse gas methane, causing cooling.
 The end of the Proterozoic Eon, about 700 million years ago, had other glaciations. These ancient Precambrian glaciations are included in the snowball Earth hypothesis. Widespread global rock sequences from these ancient times contain evidence that glaciers existed even in low latitudes. Two examples are limestone rock—usually formed in tropical marine environments—and glacial deposits—usually formed in cold climates—from this time that have been found together in many regions around the world. One example is in Utah. Evidence of continental glaciation is seen in interbedded limestone and glacial deposits (diamictites) on Antelope Island in the Great Salt Lake.
 The controversial snowball Earth hypothesis suggests that a runaway albedo effect—where ice and snow reflect solar radiation and increasingly spread from polar regions toward the equator—caused land and ocean surfaces to completely freeze and biological activity to collapse. Since carbon dioxide could not enter the then-frozen ocean, the ice covering Earth could only melt when volcanoes emitted high enough carbon dioxide into the atmosphere to cause greenhouse heating. Some studies estimate that, because of the frozen ocean surface, carbon dioxide 350 times higher than today’s concentration was required. Because biological activity did survive, the complete freezing and its extent in the snowball Earth hypothesis are controversial. A competing hypothesis is the slushball Earth hypothesis, in which some regions of the equatorial ocean remained open. Differing scientific conclusions about the stability of Earth’s magnetic poles, impacts on ancient rock evidence from subsequent metamorphism, and alternate interpretations of existing evidence keep the idea of snowball Earth controversial.
 Glaciations also occurred in the Paleozoic Era, notably the Andean-Saharan glaciation in the late Ordovician, about 440–460 million years ago, which coincided with a major extinction event, and the Karoo ice age during the Pennsylvanian Period, 323–300 million years ago. This glaciation was one of the evidences cited by Wegener for his continental drift hypothesis as his proposed Pangea drifted into south polar latitudes. The Karoo glaciation was associated with an increase of oxygen and a subsequent drop in carbon dioxide, most likely produced by the evolution and rise of land plants.
 [image: Figure description available at the end of the chapter.]Figure 15.13: Global average surface temperature over the past 65 million years. Figure description available at the end of the chapter. During the Cenozoic Era—the last 65 million years—climate started out warm and gradually cooled to its current state. This warm time is called the Paleocene-Eocene thermal maximum, and Antarctica and Greenland were ice-free during this time. Since the Eocene, tectonic events during the Cenozoic Era have caused the planet to persistently and significantly cool. For example, the Indian plate and Asian plate collided, creating the Himalaya Mountains, which increased the rate of weathering and erosion of silicate minerals, especially feldspar. Increased weathering consumes carbon dioxide from the atmosphere, which reduces the greenhouse effect, resulting in long-term cooling.
 [image: Map of bottom of earth showing Antarctic continent and an ocean current circulating clockwise around it.]Figure 15.14: The Antarctic Circumpolar Current. Figure description available at the end of the chapter. About 40 million years ago, the narrow gap between the South American plate and the Antarctica plate widened, which opened the Drake Passage. This opening allowed the water around Antarctica—the Antarctic Circumpolar Current—to flow unrestrictedly west to east, which effectively isolated the Southern Ocean from the warmer waters of the Pacific, Atlantic, and Indian Oceans. The region cooled significantly, and by 35 million years ago, during the Oligocene Epoch, glaciers had started to form on Antarctica.
 Around 15 million years ago, subduction-related volcanoes between Central and South America created the Isthmus of Panama, which connected North and South America. This prevented water from flowing between the Pacific and Atlantic Oceans and reduced heat transfer from the tropics to the poles. This reduced heat transfer created a cooler Antarctica and larger Antarctic glaciers. As a result, the ice sheet expanded on land and water, increased Earth’s reflectivity, and enhanced the albedo effect, which created a positive feedback loop: more reflective glacial ice, more cooling, more ice, more cooling, and so on.
 By five million years ago, during the Pliocene Epoch, ice sheets had started to grow in North America and Northern Europe. The most intense part of the current glaciation is the Pleistocene Epoch’s last million years. The Pleistocene’s temperature varies significantly through a range of almost 10°C (18°F) on timescales of 40,000 to 100,000 years, and ice sheets expand and contract correspondingly. These variations are attributed to subtle changes in Earth’s orbital parameters, called Milankovitch cycles.
 As described in the Glaciers chapter, Milankovitch cycles are three orbital changes named after the Serbian astronomer Milutan Milankovitch. The three orbital changes are called precession, obliquity, and eccentricity. Precession is the wobbling of Earth’s axis with a period of about 21,000 years; obliquity is changes in the angle of Earth’s axis with a period of about 41,000 years; and eccentricity is variations in the Earth’s orbit around the Sun leading to changes in distance from the Sun with a period of 93,000 years. These orbital changes created a 41,000-year-long glacial-interglacial Milankovitch cycle from 2.5 to 1.0 million years ago, followed by another longer cycle of about 100,000 years from 1.0 million years ago to today (see Milankovitch cycles). Over the past million years, the glaciation cycles occurred approximately every 100,000 years, with many glacial advances occurring in the last two million years.
 [image: Figure description available at the end of the chapter.]Figure 15.15: A Pliocene–Pleistocene stack of 57 globally distributed benthic δ18O records. Figure description available at the end of the chapter. During an ice age, periods of warming climate are called interglacials; during interglacials, very brief periods of even warmer climate are called interstadials. These warming upticks are related to Earth’s climate variations, like Milankovitch cycles, which are changes to the Earth’s orbit that can fluctuate climate (see Glaciers chapter). In the last 500,000 years, there have been five or six interglacials, with the most recent belonging to our current time, the Holocene Epoch.
 The two more recent climate swings, the Younger Dryas and the Holocene climatic optimum, demonstrate complex changes. These events are more recent yet have conflicting information. The Younger Dryas’ cooling is widely recognized in the Northern Hemisphere, though the event’s timing, about 12,000 years ago, does not appear to be equal everywhere. Also, it is difficult to find in the Southern Hemisphere. The Holocene climatic optimum is a warming around 6,000 years ago; it was not universally warmer, not as warm as current warming, and not warm at the same time everywhere.
 15.3.2 Proxy Indicators of Past Climates
 How do we know about past climates? Geologists use proxy indicators to understand past climate. A proxy indicator is a biological, chemical, or physical signature preserved in the rock, sediment, or ice record that acts like a fingerprint of something in the past. Thus, they are an indirect indicator of climate. An indirect indicator of ancient glaciations from the Proterozoic Eon and Paleozoic Era is the Mineral Fork Formation in Utah, which contains rock formations of glacial sediments such as diamictite (tillite); this dark rock has many fine-grained components plus some large out-sized clasts like a modern glacial till.
 Deep-sea sediment is an indirect indicator of climate change during the Cenozoic Era. Researchers from the Ocean Drilling Program, an international research collaboration, collect deep-sea sediment cores that record continuous sediment accumulation. The sediment provides detailed chemical records of stable carbon and oxygen isotopes obtained from deep-sea benthic foraminifera shells that accumulated on the ocean floor over millions of years. The oxygen isotopes are a proxy indicator of deep-sea temperatures and continental ice volume.
 Sediment Cores: Stable Oxygen Isotopes
 [image: Image of 8 black, gray, brown, and tan sediment cores showing clear layering and vertical changes in color and composition.]Figure 15.16: Sediment core from the Greenland continental slope. Figure description available at the end of the chapter. How do oxygen isotopes indicate past climate? The two main stable oxygen isotopes are 16O and 18O. They both occur in water (H2O) and in the calcium carbonate (CaCO3) shells of foraminifera, acting as both of those substances’ oxygen component. The most abundant and lighter isotope is 16O. Since it is lighter, it evaporates more readily from the ocean’s surface as water vapor, which later turns to clouds and precipitation on the ocean and land. This evaporation is enhanced in warmer seawater and slightly increases the concentration of 18O in the surface seawater from which the plankton derives the carbonate for its shells. Thus, the ratio of 16O and 18O in the fossilized shells in seafloor sediment is a proxy indicator of the temperature and evaporation of seawater.
 [image: Figure description available at the end of the chapter.]Figure 15.17: Antarctic temperature changes during the last few glaciations compared to global ice volume. The first two curves are based on the deuterium (heavy hydrogen) record from ice cores (EPICA Community Members, 2004; Petit et al., 1999). The bottom line is ice volume based on oxygen isotopes from a composite of deep-sea sediment cores (Lisiecki and Raymo, 2005). Figure description available at the end of the chapter. Keep in mind, it is harder to evaporate the heavier water and easier to condense it. As evaporated water vapor drifts toward the poles and tiny droplets form clouds and precipitation, droplets of water with 18O tend to form more readily than droplets of the lighter form and then precipitate out, leaving the drifting vapor depleted in 18O. During geologic times when the climate is cooler, more of this lighter precipitation that falls on land is locked in the form of glacial ice. Consider that the giant ice sheets were more than a mile thick and covered a large part of North America during the last ice age only 14,000 years ago. During glaciation, the glaciers effectively lock away more 16O, thus the ocean water and foraminifera shells become enriched in 18O. Therefore, the ratio of 18O to 16O (δ18O) in calcium carbonate shells of foraminifera is a proxy indicator of past climate. The sediment cores from the Ocean Drilling Program record a continuous accumulation of these fossils in the sediment and provide a record of glacials, interglacials and interstadials.
 Sediment Cores: Boron-Isotopes and Acidity
 Ocean acidity is affected by carbonic acid and is a proxy for past atmospheric CO2 concentrations. To estimate the ocean’s pH (acidity) over the past 60 million years, researchers collected deep-sea sediment cores and examined the ancient planktonic foraminifera shells’ boron-isotope ratios. Boron has two isotopes: 11B and 10B. In aqueous compounds of boron, the relative abundance of these two isotopes is sensitive to pH (acidity), hence CO2 concentrations. In the early Cenozoic, around 60 million years ago, CO2 concentrations were over 2,000 ppm and had higher pH, and they then started falling around 55 to 40 million years ago, with a noticeable drop in pH indicated by boron isotope ratios. The drop was possibly due to reduced CO2 outgassing from ocean ridges, volcanoes and metamorphic belts, and due to increased carbon burial resulting from subduction and the Himalaya Mountains uplift. By the Miocene Epoch, about 24 million years ago, CO2 levels were below 500 ppm, and by 800,000 years ago, CO2 levels didn’t exceed 300 ppm.
 Carbon Dioxide Concentrations in Ice Cores
 [image: Figure description available at the end of the chapter.]Figure 15.18: Nineteen-centimeter-long section of ice core showing 11 annual layers with summer layers (arrowed) sandwiched between darker winter layers. Figure description available at the end of the chapter. For the recent Pleistocene Epoch’s climate, researchers get a more detailed and direct chemical record of the last 800,000 years by extracting and analyzing ice cores from the Antarctic and Greenland ice sheets. Snow accumulates on these ice sheets and creates yearly layers. Oxygen isotopes are collected from these annual layers, and the ratio of 18O to 16O (δ18O) is used to determine temperature as discussed above. In addition, the ice contains small bubbles of atmospheric gas as the snow turns to ice. Analysis of these bubbles reveals the composition of the atmosphere at these previous times.
 [image: Figure description available at the end of the chapter.]Figure 15.19: Antarctic ice showing hundreds of tiny trapped air bubbles from the atmosphere thousands of years ago. Figure description available at the end of the chapter. Small pieces of this ice are crushed, and the ancient air is extracted into a mass spectrometer that can detect the ancient atmosphere’s chemistry. Carbon dioxide levels are recreated from these measurements. Over the last 800,000 years, the maximum carbon dioxide concentration during warm times was about 300 parts per million (ppm), and the minimum was about 170 ppm during cold stretches. Currently, the Earth’s atmospheric carbon dioxide content is over 410 ppm.
 [image: Figure description available at the end of the chapter.]Figure 15.20: Composite carbon dioxide record from last 800,000 years based on ice core data from EPICA Dome C Ice Core. Figure description available at the end of the chapter. Oceanic Microfossils
 Microfossils like foraminifera, diatoms, and radiolarians can be used as proxies to interpret past climate record. Different species of microfossils are found in the sediment core’s different layers. Microfossil groups are called assemblages and their compositions differ depending on the climatic conditions when they lived. One assemblage consists of species that lived in cooler ocean water, such as in glacial times, while at a different level in the same sediment core, another assemblage consists of species that lived in warmer waters.
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 Video 15.7: What sediment cores from the world’s oceans reveal about climate patterns.
 
 If you are using an offline version of this text, access this YouTube video via the QR code.
 
 Tree Rings
 [image: Shows a tree cut in cross-section with tree rings. Each ring form in one year.]Figure 15.21: Tree rings form every year. Rings that are farther apart are from wetter years, and rings that are closer together are from dryer years. Figure description available at the end of the chapter. Tree rings, which form every year as a tree grows, are another past climate indicator. Rings that are thicker indicate wetter years, and rings that are thinner and closer together indicate dryer years. Every year, a tree will grow one ring with a light section and a dark section. The rings vary in width. Since trees need much water to survive, narrower rings indicate colder and drier climates. Since some trees are several thousand years old, scientists can use their rings for regional paleoclimatic reconstructions—for example, to reconstruct past temperature, precipitation, vegetation, streamflow, sea-surface temperature, and other climate-dependent conditions. Paleoclimatic study means relating to a distinct past geologic climate. Dead trees, such as those found in Puebloan ruins, can be used to extend this proxy indicator by showing long-term droughts in the region, possibly explaining why villages were abandoned.
 [image: Figure description available at the end of the chapter.]Figure 15.22: Summer temperature anomalies for the past 7,000 years. Figure description available at the end of the chapter. Pollen
 [image: Figure description available at the end of the chapter.]Figure 15.23: Scanning electron microscope image of modern pollen with false color added to distinguish plant species. Figure description available at the end of the chapter. Pollen is also a proxy climate indicator. Flowering plants produce pollen grains. Pollen grains are distinctive when viewed under a microscope. Sometimes, pollen is preserved in lake sediments that accumulate in layers every year. Lake-sediment cores can reveal ancient pollen. Fossil-pollen assemblages are pollen groups from multiple species, such as spruce, pine, and oak. Through time, via the sediment cores and radiometric age-dating techniques, the pollen assemblages change, revealing the plants that lived in the area at the time. Thus, pollen assemblages are a past climate indicator, since different plants will prefer different climates. For example, in the Pacific Northwest, east of the Cascades in a region close to grassland and forest borders, scientists tracked pollen over the last 125,000 years, covering the last two glaciations. Pollen assemblages with more pine tree pollen are found during glaciations, and pollen assemblages with less pine tree pollen are found during interglacial times.
 Other Proxy Indicators
 Paleoclimatologists study many other phenomena to understand past climates, such as human historical accounts, human instrument records from the recent past, lake sediments, cave deposits, and corals.
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 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 15.3 via the QR code.
  Climate has changed in the past. What has caused the series of major climate fluctuations on the thousand-year time scales of the last five million years?
 
 
 	Human invasion of other continents and prairie burning
 
 
 
 	Milankovitch cycles
 
 
 
 	The closure of the Isthmus of Panama
 
 
 
 	Snowball Earth hypothesis
 
 
 
 	The opening of the Drake Passage separating South America from Antarctica
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 What do tree rings tell us about paleoclimate?
 
 
 	Dates of ancient climate changes from C14 dating of the rings
 
 
 
 	Periods of greater pollen production, providing fossil dating of the events
 
 
 
 	Periods of wetter and dryer climate from the width of the rings
 
 
 
 	Isostatic changes in elevation over a region
 
 
 
 	Periods of major storms inflicting damage on the trees
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 Why are planktonic microfossils like foraminifera so useful as proxy indicators of ancient climate?
 
 
 	The temperature of the sea water changes with time and is recorded in sediment chemistry.
 
 
 
 	Their abundance can be correlated with Milankovitch cycles.
 
 
 
 	Organic material preserved in their shells can be dated using C14.
 
 
 
 	Their fossils in sediments reveal assemblages that were adapted to different water temperatures. 
 
 
 
 	Their shells are more easily preserved than fish bones in the fossil record.
 
 
 
 
 
 
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=867#h5p-28 
 
 15.4 Anthropogenic Causes of Climate Change
 As shown in the previous section, prehistoric climate changes occur slowly over many millions of years. The climate changes observed today are rapid and largely human caused. Evidence shows that climate is changing, but what is causing that change? Since the late 1800s, scientists have suspected that human-produced (i.e., anthropogenic) changes in atmospheric greenhouse gases would likely cause climate change because changes in these gases have been the cause every time in the geologic past. By the middle 1900s, scientists began conducting systematic measurements, which confirmed that human-produced carbon dioxide was accumulating in the atmosphere and other Earth systems, such as forests and oceans. By the end of the 1900s and into the early 2000s, scientists solidified the theory of anthropogenic climate change when evidence from thousands of ground-based studies and continuous land and ocean satellite measurements mounted, revealing the expected temperature increase. The theory of anthropogenic climate change states that humans are causing most of the current climate changes by burning fossil fuels such as coal, oil, and natural gas. Theories evolve and transform as new data and new techniques become available, and they represent a particular field’s state of thinking. This section summarizes the scientific consensus of anthropogenic climate change.
 15.4.1 Scientific Consensus
 The overwhelming majority of climate studies indicate that human activity is causing rapid changes to the climate, which will cause severe environmental damage. There is strong scientific consensus on the issue. Studies published in peer-reviewed scientific journals show that 97 percent of climate scientists agree that climate warming is caused from human activities. There is no alternative explanation for the observed link between human-produced greenhouse gas emissions and changing modern climate. Most leading scientific organizations endorse this position, including the US National Academy of Science, which was established in 1863 by an act of Congress under President Lincoln. Congress charged the National Academy of Science “with providing independent, objective advice to the nation on matters related to science and technology.” Therefore, the National Academy of Science is the leading authority when it comes to policy advice related to scientific issues.
 One way we know that the increased greenhouse gas emissions are from human activities is through isotopic fingerprints. For example, fossil fuels, representing plants that lived millions of years ago, have a stable carbon-13 to carbon-12 (13C/12C) ratio that is different from today’s atmospheric stable-carbon ratio (radioactive 14C is unstable). Isotopic carbon signatures have been used to identify anthropogenic carbon in the atmosphere since the 1980s. Isotopic records from the Antarctic ice sheet show stable isotopic signatures from ~1000 CE to ~1800 CE and a steady isotopic signature gradually changing since 1800, followed by a more rapid change after 1950 as burning of fossil fuels dilutes the CO2 in the atmosphere. These changes show the atmosphere as having a carbon isotopic signature increasingly more similar to that of fossil fuels.
 15.4.2 Anthropogenic Sources of Greenhouse Gases
 [image: Figure description available at the end of the chapter.]Figure 15.24: Total anthropogenic greenhouse gas emissions (gigatonne of CO2-equivalent per year, GtCO2-eq/yr) from economic sectors in 2010. The circle shows the shares of direct GHG emissions (in % of total anthropogenic GHG emissions) from five economic sectors in 2010. The pull-out shows how shares of indirect CO2 emissions (in % of total anthropogenic GHG emissions) from electricity and heat production are attributed to sectors of final energy use. Figure description available at the end of the chapter. Anthropogenic emissions of greenhouse gases have increased since pre-industrial times due to global economic growth and population growth. Atmospheric concentrations of the leading greenhouse gas, carbon dioxide, are at unprecedented levels that haven’t been observed in at least the last 800,000 years. The pre-industrial level of carbon dioxide was at about 278 parts per million (ppm). In 2016, carbon dioxide was, for the first time, above 400 ppm for the entirety of the year. Measurements of atmospheric carbon at the Mauna Loa Carbon Dioxide Observatory show a continuous increase from 315 ppm since 1957 when the observatory was established to over 420 ppm in 2024. The daily reading today can be seen at Daily CO2. Based on the ice core record over the past 800,000 years, carbon dioxide ranged from about 185 ppm during ice ages to 300 ppm during warm times. View the data-accurate NOAA animation below of carbon dioxide trends over the last 800,000 years.
 What is the source of these anthropogenic greenhouse gas emissions? Fossil fuel combustion and industrial processes have contributed 78 percent of all emissions since 1970. The economic sectors responsible for most of this include electricity and heat production (25%); agriculture, forestry, and land use (24%); industry (21%); transportation, including automobiles (14%); other energy production (9.6%); and buildings (6.4%). More than half of greenhouse gas emissions have occurred in the last 40 years, and 40% of these emissions have stayed in the atmosphere. Unfortunately, despite scientific consensus, efforts to mitigate climate change require political action. Despite growing climate change concern, mitigation efforts, legislation, and international agreements have only reduced emissions in some places, while the less-developed world’s continual economic growth has increased global greenhouse gas emissions. In fact, the years 2000 to 2010 saw the largest increases since 1970.
 [image: Figure description available at the end of the chapter.]Figure 15.25: Annual global anthropogenic carbon dioxide (CO2) emissions in gigatonne of CO2-equivalent per year (GtCO2/yr) from fossil fuel combustion, cement production and flaring, and forestry and other land use (FOLU), 1750–2011. Cumulative emissions and their uncertainties are shown as bars and whiskers. Figure description available at the end of the chapter. 15.4.3 Predicting Future Warming
 Climate change can be a naturally occurring process and has created environments much warmer than today, such as the early Cretaceous Period. During this time, life thrived even in polar regions, such as the interior of Antarctica, which is uninhabitable today.
 [image: Figure description available at the end of the chapter.]Figure 15.26: (Bar graph) Yearly temperature compared to the twentieth-century average from 1850–2023. Red bars mean warmer-than-average years; blue bars mean colder-than-average years. (Line graph) Atmospheric carbon dioxide amounts: 1850–1958 from IAC, 1959–2023 from NOAA Global Monitoring Lab. Figure description available at the end of the chapter. One misconception is that the threat of climate change has to do with the absolute warmth of the Earth. The concern for scientists has more to do with the rate of change of that temperature increase. Living organisms, including humans, can quickly adapt to substantial changes in climate if the changes take place slowly, over thousands of years. However, adapting to changes that are taking place on timescales of decades is far more challenging. The Earth is warming at such a rate that most species will struggle to adapt and evolve quickly enough to the coming warmer climates.
 Prediction is difficult, especially about the future. This is also true for projections of future climate change, as they rely on assumptions about future radiative forcings such as anthropogenic emissions of greenhouse gases and aerosols, which are unknown. For this reason, they are called projections and not predictions.
 Climate scientists believe that the best projections consider results from state-of-the-science climate models because they are syntheses of theoretical and empirical knowledge. However, climate models are imperfect. Uncertainties in future projections will therefore arise from assumptions about both future greenhouse gas emissions and climate model errors.
 The Intergovernmental Panel on Climate Change (IPCC) is a United Nations body that evaluates climate change science and publishes comprehensive Assessment Reports, Special Reports, and Methodology Reports. The latest Assessment Report, AR6, includes contributions from three Working Groups finalized between August 2021 and April 2022 and from a Synthesis Report completed in March 2023. These reports provide insights into climate change, its impacts, risks, and mitigation options. They can be freely accessed online.
 [image: Figure description available at the end of the chapter.]Figure 15.27: An assessment of effective radiative forcing in 2022 using a baseline year of 1750. Figure description available at the end of the chapter. The most recent IPCC Assessment Report (AR6) uses future scenarios that specify anthropogenic radiative forcing and CO2 concentrations. They are called Shared Socioeconomic Pathways (SSPs) and are followed by two numbers. The first indicates the socioeconomic narrative, and the second indicates the radiative forcing around the year 2100. For example, the scenario SSP5-8.5 uses the socioeconomic narrative 5 (Fossil Fueled Development) and reaches a radiative forcing of 8.5 W/m2 in the year 2100, whereas scenario SSP1-1.9 uses the socioeconomic narrative 1 (Sustainability) and reaches a radiative forcing of 1.9 W/m2 in the year 2100. The goal is to cover a range of possible futures. Note that the radiative forcing and CO2 concentrations increase beyond the year 2100 for scenarios SSP3-7 and SSP5-8.5, whereas they stabilize for scenario SSP3-4.5 and decline for scenarios SSP1-1.9 and SSP1-2.6. Scenarios from the previous IPCC assessment report were called Representative Concentration Pathways (RCPs) and also used the radiative forcing in the year 2100 (e.g., RCP8.5 corresponds to SSP5-8.5).
 [image: Figure description available at the end of the chapter.]Figure 15.28: Atmospheric CO2 concentrations by SSP across the twenty-first century (projected by MAGICC7, a simple/reduced complexity climate model). Figure description available at the end of the chapter. CO2 concentration pathways are used as input to comprehensive climate models, which project a range of global temperature responses. For scenarios SSP1-1.9 and SSP1-2.6, the models project further warming of less than 1°C above current levels by the year 2050 and subsequent stabilization or slow cooling. Scenarios SSP2-4.5 and SSP3-7 result in additional warming of about 2 to 3°C until 2100, whereas for the high-emission scenario SSP5-8.5 temperatures increase by 4°C by 2100. The latter is similar to the temperature difference between the Last Glacial Maximum and the pre-industrial. Note that the uncertainty is larger for higher-emission scenarios.
 Carbon dioxide levels will continue to rise in the decades to come. However, the impacts will not be evenly distributed across the planet. Those impacts will depend on environmental and climate factors; other impacts will depend on whether the countries are developed or emerging. Climatologists and other scientists use sophisticated computer models to predict the causes, effects, and impacts of greenhouse gas increase on climate systems, both globally and for specific regions of the world.
 It is essential to get a sound, data-driven understanding of climate change. Along with the IPCC, there are many organizations that study climate change, including the United Nations Environmental Programme (UNEP), World Health Organization, World Meteorological Organization (WMO), National Aeronautics and Space Administration (NASA), the National Oceanic and Atmospheric Administration (NOAA), and the US Environmental Protection Agency (EPA).
 [image: QR code]
 Take this quiz to check your comprehension of this section.
 If you are using an offline version of this text, access the quiz for Section 15.4 via the QR code.
  Which sector of the economy produces anthropogenic greenhouse gas emissions?
 
 
 	Road construction
 
 
 
 	Electricity and heat production
 
 
 
 	Transportation
 
 
 
 	Agriculture, forestry, and land use
 
 
 
 	All of these
 
 
 
 
 
 
 	
 	
 	
 	
 
 
 
 
 
 Which oxygen isotope used in paleoclimatology is more easily evaporated when combined with hydrogen in water and would thus be found more concentrated in glacial ice?
 
 
 	O-16
 
 
 
 	O-19
 
 
 
 	O-17
 
 
 
 	O-25
 
 
 
 	O-18
 
 
 
 
 
 
 	
 	
 	
 	
 
 
 
 
 
 When did global anthropogenic carbon dioxide emissions from fossil fuels, cement, and flaring start increasing rapidly?
 
 
 	1870
 
 
 
 	1950
 
 
 
 	1800
 
 
 
 	2000
 
 
 
 	1980
 
 
 
 
 
 
 	
 	
 	
 	
 
 
 
 
 
 Which of the following is an example of a proxy indicator of climate change?
 
 
 	Warmer summers observed over the last decade due to more people being on the planet breathing out more carbon dioxide
 
 
 
 	The summer of 2016 was the hottest on record, and direct measurements keep increasing.
 
 
 
 	Isotopes found in minerals within ancient volcanic eruptions show a climate pattern shifting over time.
 
 
 
 	Chemical signatures from ancient marine biota or ice used to estimate temperatures for the past 800,000 years
 
 
 
 	Historical records that use instruments to measure temperature from the last few hundred years
 
 
 
 
 
 
 	
 	
 	
 	
 
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
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 15.5 Solutions
 Climate change is a difficult problem to solve because our modern society was built upon burning fossil fuels as an energy source. We still depend strongly on fossil fuel energy for everything from driving our cars and washing our laundry to charging our cell phones and heating our homes. In order to stabilize climate, however, we’ll need to move to near-zero carbon emissions in the long run. Thus, the challenge is to decarbonize our economy. The longer we wait with this transformation, the larger the impacts of future climate change will be and the faster future emission reductions will need to be if the goal is to stay within a certain limit of global warming. And because it is a global problem, the whole world, or at least most of it, will need to cooperate to solve it. Moreover, because we’re already committed to further climate change, we better prepare to adapt to it.
 Historically, the increase in carbon emissions was caused by human population growth and an increase in the economy. The increased use of fossil fuel-based energy has lifted many people out of poverty and improved the lives of millions, although many people in the developing world remain in poverty today. Energy intensity of the gross domestic product (GDP) has been decreasing during the past 50 years, which has somewhat compensated for the increase in population and GDP per person, whereas carbon intensity has not changed as much as the other factors, according to the IPCC.
 [image: Figure description available at the end of the chapter.]Figure 15.29: Estimates and probabilistic projections of the total population for the world. The population projections are based on the probabilistic projections of total fertility and life expectancy at birth. These probabilistic projections of total fertility and life expectancy at birth were carried out with a Bayesian hierarchical model. The figures display the probabilistic median, and the 80–95% prediction intervals of the probabilistic population projections, as well as the (deterministic) high and low variant (+/- 0.5 child). Figure description available at the end of the chapter. Currently the world population is more than eight billion people, and it is expected to continue to increase, at least for the near future. This increase will continue to put more pressures on the Earth system; climate change is just one of them. Another example is the increased occupation of wild places by humans, which reduces habitats for many species of plants and animals or increasing demand for resources such as food and fresh water. Population growth could be efficiently reduced by educating and empowering women in the developing world and through poverty reduction. Reducing the GDP per person is probably not a good way to reduce emissions, because most people do not want to reduce their standard of living and energy consumption (although in many developed countries, a lot of waste could be cut without affecting the standard of living much). Since many people in the developing world hope to improve their standard of living, it will be desirable to further increase the average GDP per person in the future. But if carbon emissions could be reduced, for example, by shifting to non–fossil fuel energy sources that would reduce emissions without reducing GDP or energy consumption.
 15.5.1 Technology
 Current global energy production relies heavily on burning fossil fuels. The largest energy sources are oil, coal, and natural gas, all of which are fossil fuels, whereas all non–fossil fuel sources together account for only about 20% of the total. Most oil consumption powers internal combustion engines in cars and trucks, which have a very low efficiency. Only about 25% of all energy input into transportation is used to move vehicles, whereas most of the energy is wasted as heat. Coal is mainly used in power plants to generate electricity, which is also associated with a loss of a little over half. Note that this loss is less than the loss from internal combustion engines, which gives electric cars lower carbon footprints than internal combustion engine cars, even if the electricity is generated from coal. Most natural gas is used to generate electricity and to heat buildings. Hydropower and nuclear power are used exclusively to produce electricity, whereas biomass is used mostly for cooking and heating homes in the developing world. New renewables such as solar and wind supply only a small fraction of all energy.
 [image: Figure description available at the end of the chapter.]Figure 15.30: The 2022 energy flow chart released by Lawrence Livermore National Laboratory details the sources of energy production, how Americans are using energy, and how much waste exists. Figure description available at the end of the chapter. However, in some countries, renewable energy sources have seen a rapid increase in recent years. Germany, for example, has increased renewables’ contribution to total electricity production from 3% in 1990 to 45% in 2020, while its economy has been one of the strongest in Europe. Denmark plans to move to 100% renewable energy by 2050. In the United States, renewables currently account for 10% of total energy consumption and 15% of electricity production, and it is rapidly increasing. In 2016, for example, the US’s solar power capacity doubled.
 [image: Figure description available at the end of the chapter.]Figure 15.31: Photograph of solar cell panels in the foreground, wind turbines in the middle ground, and electricity pylons in the background. Figure description available at the end of the chapter. The advantage of renewables is an almost-unlimited potential supply with minimal carbon emissions (some emissions occur during the production and installation of solar panels and wind turbines); in addition, they are not associated with the dangers of nuclear power. Their disadvantage used to be their cost, particularly their high upfront investment cost. Once installed, however, solar panels and wind turbines operate with nearly no maintenance cost since solar energy and wind is free. During the past ten years, the cost for solar panels has decreased by 80%. Thus, if viewed over the lifetime of a system, renewables become competitive with fossil fuels. Other renewable energy sources are geothermal, tide and wave energy, and hydroelectric dams. An issue with renewables is their intermittent energy supply. Solar panels only work during the day, whereas wind turbines only work when the wind blows. However, a recent study showed that 80% of all electricity demand could easily be covered by wind and solar (Shaner et al., 2018).
 [image: Figure description available at the end of the chapter.]Figure 15.32: IAEA experts depart Unit 4 of TEPCO’s Fukushima Daiichi Nuclear Power Station on April 17, 2013, as part of a mission to review Japan’s plans to decommission the facility. Figure description available at the end of the chapter. Nuclear plants also provide power that is fossil-free and does not cause carbon emissions (except during construction). For this reason, they are viewed by some as an important future energy source. However, nuclear power has disadvantages too. Not only are their plants expensive to build, they are also dangerous to operate and they produce radioactive waste for which currently no long-term repository exists. Catastrophic accidents—such as the nuclear meltdowns in 2011 at the Japanese Fukushima Daiichi plant and in 1986 at the Chernobyl reactor in what is now northern Ukraine—have shown the dangers associated with nuclear power production. Thus, nuclear power remains a controversial topic.
 Currently, many companies are moving toward more electric cars or hybrid vehicles. Due to their much higher efficiencies (80–90%), their energy use is much smaller than for cars with internal combustion engines and their carbon footprint can be close to zero (considering there is some associated with vehicle production) if renewable energy sources are used for the electricity.
 [image: Photo of a two-door car with a silver body and black hood.]Figure 15.33: The BMW i3 is an electric car that was manufactured from 2013 to 2022. The i3 was BMW’s first mass-produced zero emissions vehicle and was launched as part of BMW’s electric vehicle BMW i subbrand. Figure description available at the end of the chapter. Considering the large amounts of carbon emissions that currently come from the transportation sector and the large losses that occur there, shifting to an electric vehicle fleet could bring a tremendous reduction in future emissions. Even though electric cars are more expensive to purchase, their lifetime costs are lower than gasoline-powered cars. This is because the average cost for equivalent electricity is less than half the cost for a gallon of gas. Electric cars have other advantages too: no oil changes, no pollution, and more torque. Manufacturing electric cars, however, is not without environmental or human impacts, such as from the mining of raw materials used in the production of batteries.
 Increasing energy efficiency is another cost-effective way to reduce carbon emissions. Residential and commercial buildings waste about half of their energy. Building insulation not only lowers its carbon emissions but also saves the owner money. Replacing old conventional electrical hot water heaters with inexpensive new heat pump water heaters also reduces electricity use, thereby saving money as well.
 15.5.2 International Agreements
 In 1992, the United Nations Framework Convention on Climate Change (UNFCCC) was adopted at the Rio Earth Summit. It was ratified by 197 countries (Parties to the Convention). Its Article 2 states:
 “The ultimate objective of this Convention and any related legal instruments that the Conference of the Parties may adopt is to achieve, in accordance with the relevant provisions of the Convention, stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system. Such a level should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic development to proceed in a sustainable manner.”

 The UNFCCC recognizes that the developed world is responsible for most historical carbon emissions and thus it should lead the way to reduce its emissions. The annual United Nations Climate Change Conferences, or COPs, are formal gatherings to assess and negotiate climate action, held under the UNFCCC. The Kyoto Protocol, an international agreement linked to the UNFCCC, commits its parties, which are developed countries, to binding carbon emission reduction targets. However, it was not successful in reducing global carbon emissions, presumably at least in part due to the United States never ratifying it, Canada exiting, and Russia not agreeing to emission reductions in its second phase (2013-2020). Under the administration of President George W. Bush, the US argued that it was not fair to reduce US emissions, while China was allowed to increase its emissions, even though per capita emissions in the US were much higher than those in China.
 [image: Figure description available at the end of the chapter.]Figure 15.34: Plenary session of the COP21 for the adoption of the Paris Accord, United Nations Climate Change Conference (Paris, Le Bourget). Figure description available at the end of the chapter. The Paris Agreement has the goal to limit global warming to well below 2°C, and it was ratified by 174 countries. It has made emission reductions essentially voluntary by soliciting pledges from each country and includes developing countries like China. However, resistance against any reduction in carbon emissions was evident when the US administration under President Trump withdrew from the agreement (although the next administration under President Biden re-entered the agreement).
 15.5.3 Adaptation and Mitigation
 While the situation surrounding global climate change is in serious need of our attention, it is important to realize that many scientists, leaders, and concerned citizens are making solutions to climate change part of their life’s work. The two solutions to the problems caused by climate change are mitigation and adaptation, and we will likely need a combination of both in order to prosper in the future. We know that climate change is already occurring, as we can see and feel the effects of it. For this reason, it is essential to also adapt to our changing environment. This means that we must change our behaviors in response to the changing environment around us.
 [image: Figure description available at the end of the chapter.]Figure 15.35: Lovett School, in north Atlanta, GA, has a rooftop garden with this mechanism for collecting water to use in irrigation. Figure description available at the end of the chapter. Adaptation strategies will vary greatly by region, depending on the largest specific impacts in that area. For example, in the city of Delhi, India, a dramatic decrease in rainfall is projected over the next century. This city will likely need to implement policies and practices relating to conservation of water, for example, rainwater harvesting, water re-use, and increased irrigation efficiency. Rain-limited cities near oceans, such as Los Angeles, California, may choose to use desalination to provide drinking water to their citizens. Cities with low elevations near oceans may need to implement adaptation strategies for rising sea levels, from seawalls and levees to relocation of citizens. One adaptation strategy gaining use is the creation or conservation of wetlands, which provide natural protection against storm surges and flooding.
 In general, a strategy to mitigate climate change is one that reduces the amount of greenhouse gases in the atmosphere or prevents additional emissions. Mitigation strategies attempt to “fix” the problems caused by climate change. Governmental regulations regarding fuel efficiency of vehicles is one example of an institutionalized mitigation strategy already in place in the United States and in many other countries around the world. Unlike some other countries, there are no carbon taxes or charges on burning fossil fuels in the United States. This is another governmental mitigation strategy that has been shown to be effective in many countries, including India, Japan, France, Costa Rica, Canada, and the United Kingdom.
 [image: Figure description available at the end of the chapter.]Figure 15.36: Graphic demonstrating the CCS process. Figure description available at the end of the chapter. In addition to government measures and incentives, technology can also be harnessed to mitigate climate change. One strategy for this is the use of carbon capture and sequestration (CCS). Through CCS, 80–90% of the CO2 that would have been emitted to the atmosphere from sources such as a coal-fired power plant is instead captured and then stored deep beneath the Earth’s surface. The CO2 is often injected and sequestered hundreds of miles underground into porous rock formations sealed below an impermeable layer, where it is stored permanently.
 Scientists are also looking into the use of soils and vegetation for carbon storage potential. Proper management of soil and forest ecosystems has been shown to create additional carbon sinks for atmospheric carbon, reducing the overall atmospheric CO2 burden. Increasing soil carbon further benefits communities by providing better-quality soil for agriculture and cultivation.
 Technologies related to alternative energy sources mitigate climate change by providing people with energy not derived from the combustion of fossil fuels. Finally, energy conservation, choosing to walk or bike instead of driving, and disposing of waste properly are simple activities that, when done by large numbers of people, actively mitigate climate change by preventing carbon emissions.
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  The world population is currently more than ________ people.
 
 
 	one trillion
 
 
 
 	ten billion
 
 
 
 	eight billion
 
 
 
 	18 billion
 
 
 
 
 
 
 	
 	
 	
 	
 
 
 
 
 
 Coal is desirable as an energy source because it loses almost no energy when used in power plants to generate electricity. 
 
 
 	False
 
 
 
 	True
 
 
 
 
 
 
 	
 	
 	
 	
 
 
 
 
 
 Which of the following is a major goal of the Paris Agreement?
 
 
 	To limit global warming to well below 15ºC above pre-industrial levels
 
 
 
 	To limit global warming to well below 24ºC above pre-industrial levels
 
 
 
 	To limit global warming to well below 2ºC above pre-industrial levels
 
 
 
 	To limit global warming to well below 8ºC above pre-industrial levels
 
 
 
 
 
 
 	
 	
 	
 	
 
 
 
 
 
 What international agreement, established in 1997, set legally binding emission reduction targets for participating industrialized countries?
 
 
 	Paris Agreement
 
 
 
 	Montreal Protocol
 
 
 
 	Kyoto Protocol
 
 
 
 	CO2 Agreement
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 Summary
 Included in Earth Science is the study of the system of processes that affect surface environments and atmosphere of the Earth. Recent changes in atmospheric temperature and climate over intervals of decades have been observed. For Earth’s climate to be stable, incoming radiation from the Sun and outgoing radiation from the Sun-warmed Earth must be in balance. Greenhouse gases in the atmosphere absorb the infrared thermal radiation from the Earth’s surface, trapping that heat and warming the atmosphere in a process called the greenhouse effect. Thus, the energy budget is not now in balance and the Earth is warming. Human activity produces many greenhouse gases that have accelerated climate change. CO2 from fossil fuel burning is one of the major such gases. While the atmosphere is mostly composed of nitrogen and oxygen, the greatest effect on global warming is had by trace components that include greenhouse gases (of which CO2 and methane are the major examples).
 A number of positive feedback mechanisms, processes whose results reinforce the original process, take place in the Earth system. An example of a PFM of great concern is permafrost melting, which causes decay of melting organic material, producing CO2 and methane (both powerful greenhouse gases) that warm the atmosphere and promote more permafrost melting. Two carbon cycles affect Earth’s atmospheric CO2 composition, the biologic carbon cycle and the geologic carbon cycle. In the biologic cycle, organisms (mostly plants and also animals that eat them) remove CO2 from the atmosphere for energy and to build their body tissues and return it to the atmosphere when they die and decay. The biologic cycle is a rapid cycle. In the geologic cycle, some organic matter is preserved in the form of petroleum and coal, while more is dissolved in seawater and captured in carbonate sediments, some of which is subducted into the mantle and returned by volcanic activity. The geologic carbon cycle is slow over geologic time.
 Measurements of increasing atmospheric temperature have been made since the nineteenth century, but the upward temperature trend itself increased in the mid-twentieth century, showing the current trend is exponential. Because of the high specific heat of water, the oceans have absorbed most of the added heat. The temporary nature of this storage has been revealed by the record breaking warm years of the recent decade and the increase in intense storms and hurricanes. In 1957, the Mauna Loa CO2 Observatory was established in Hawai’i, providing constant measurements of atmospheric CO2 since 1958. The initial value was 315 ppm. The Keeling curve, named for the observatory founder, shows that value has steadily increased exponentially to over 420 ppm now. Compared to proxy data from atmospheric gases trapped in ice cores that show a maximum value for CO2 of about 300 ppm over the last 800,000 years, the Keeling increase of over 100 ppm in 50 years is dramatic evidence of human-caused CO2 increase and climate change. As Earth’s temperature rises, glaciers and ice sheets are shrinking, resulting in sea level rise. Atmospheric CO2 is also absorbed in seawater, producing increased concentrations of carbonic acid, which is raising the pH of the oceans, making it harder for marine life to extract carbonate for their skeletal materials.
 Earth’s climate has changed over geologic time with periods of major glaciations. There was a high temperature period in the Mesozoic shown by fossils in high latitudes and the Western Interior Seaway covering what is now the Midwest. However, climate has been cooling during the Cenozoic culminating in the most recent ice age. Since the ice age, several proxy indicators of ancient climate show that the rate and amount of current climate change is unique in geologic history and can only be attributed to human activity.
 Addressing climate change is a challenging task, largely because our industrialized society has relied heavily on fossil fuels for energy and this dependency continues today. To stabilize the climate, we must aim for near-zero carbon emissions in the long term. Given the global nature of the problem, international cooperation is essential. Additionally, since some degree of climate change is inevitable, we must also prepare to adapt to its impacts.
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  Which of the following best describes how deep sea sediment cores are used as proxy indicators of past climate?
 
 
 	Pollen falling on the ocean surface sinks into the sediments and shows the nature of the forests surrounding the ocean.
 
 
 
 	Careful analysis of the minerals present in sea bottom sediments indicates formation of glaciers.
 
 
 
 	Sediments forming during warm climates are more compact than those forming during cold climates.
 
 
 
 	Mineral grains inorganically crystallizing in seawater and sinking to accumulate as sediment with chemical markers of ancient ocean temperature.
 
 
 
 	Oxygen isotope ratios from microfossil shells in the sediments give proxy information about past climates.
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 What is a positive feedback mechanism?
 
 
 	A natural process whose result increases the process
 
 
 
 	A human caused process with a positive benefit
 
 
 
 	A natural process with a positive benefit
 
 
 
 	Any process in nature with a positive outcome
 
 
 
 	Industrial air pollution
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Which is the best illustration of the greenhouse effect?
 
 
 	Loss of Arctic sea ice.
 
 
 
 	Increases in the amount of energy emitted from the Sun, causing regional warming.
 
 
 
 	Increasing carbon dioxide levels due to the growing population on the planet breathing out more CO2.
 
 
 
 	Sunlight passing through a car window and heating up the inside of the car.
 
 
 
 	Humans burning fossil fuels, causing glaciers to melt and sea level to rise.
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Which of the following best describes how ice cores are used as proxy indicators of past climates?
 
 
 	Pollen is collected from ice cores and shows the composition of forests of the world through time.
 
 
 
 	Shells in the ice record oxygen isotope ratios.
 
 
 
 	The ice accumulating in annual layers traps air bubbles of the ancient atmosphere that reveal atmospheric composition in the past.
 
 
 
 	Dust detected in ice cores indicates a cooler climate, and dust ratios record warming and cooling cycles.
 
 
 
 	Ice worms and bacteria datable by C14 show how life exchanged CO2 with the atmosphere.
 
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 With regard to climate change, a greenhouse gas is an atmospheric gas that _______.
 
 
 	filters out incoming solar radiation that cools the planet
 
 
 
 	causes air pollution problems in urban environments
 
 
 
 	absorbs and traps heat radiating from the surface of the Earth
 
 
 
 	fosters growth of plants as in a greenhouse
 
 
 
 	cools the planet by reflecting incoming solar radiation
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 According to continuous measurements of atmospheric CO2 at the Mauna Loa CO2 Observatory, levels of CO2 in the atmosphere have reached and are surpassing what amount?
 
 
 	390 ppm
 
 
 
 	490 ppm
 
 
 
 	357ppm
 
 
 
 	315 ppm
 
 
 
 	410 ppm
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 What does the Keeling curve show?
 
 
 	The increase in atmospheric temperature over the last several decades
 
 
 
 	The increase in the number of scientists who are concerned about global warming
 
 
 
 	The exponential increase in atmospheric CO2 since 1958
 
 
 
 	The increase in permafrost melting
 
 
 
 	The increase in ocean temperatures since mid-twentieth century
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 What percent of the additional heat caused by human activities is being absorbed by the oceans?
 
 
 	40–60%
 
 
 
 	60–80%
 
 
 
 	20–40%
 
 
 
 	80–90%
 
 
 
 	10–20%
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 According to a 2004 study published in the prestigious journal of Science, what percentage of climate scientists agree that warming is from human activities?
 
 
 	5%
 
 
 
 	23%
 
 
 
 	79%
 
 
 
 	35%
 
 
 
 	97%
 
 
 
 
 
 
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 
 
 
 
 
 Of the many negative effects of the ocean becoming more acidic, which below is the most damaging to life?
 
 
 	Marine organisms with shells of calcium carbonate are having a harder time extracting CO3 from seawater to secrete their shells.
 
 
 
 	It will be harder to obtain fresh water from sea water by desalination.
 
 
 
 	A lower pH will affect macrofauna like fish by impacting their bone structure.
 
 
 
 	Rain water (including culinary water) will become more acidic based on the water cycle.
 
 
 
 	A higher pH will interrupt the reproduction cycle of large sea mammals like whales (cetaceans).
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  Figure Descriptions Figure 15.1: This figure shows the proportion of atmospheric gases at 78% for nitrogen, 21% for oxygen, 1% for argon, and less than 1% for trace components.
 Figure 15.2: Four diagrams showing various greenhouse gas molecules: water vapor consists of a red oxygen atom with two white hydrogen atoms attached on the bottom left and bottom right; nitrous oxide consists of two blue nitrogen atoms and a red oxygen atom connected in a straight line; methane consists of a black carbon atom at the center with four white hydrogen atoms connected to the carbon atom in a pyramidal shape; and carbon dioxide consists of a red oxygen atom, a black carbon atom, and another red oxygen atom connected in a straight line.
 Figure 15.3: A diagram depicting the continuous movement and transformation of carbon on Earth. The diagram shows a circular process with labeled arrows and key components: starting with the emission of carbon into the atmosphere, arrows indicates carbon released from volcanoes, fossil fuel emissions from factories, agriculture, fire, transportation, oceans, and animals; arrows show carbon returning to Earth’s surface through plants, oceans, and wetlands; an arrow shows consumption of carbon by animals; and arrows show carbon entering the ground in decomposition. There is an asterisked note in the sky that reads Some carbon remains in the atmosphere (not in cycle) and there is another asterisked note in the ground that says “Some carbon remains in the ground (not in cycle).
 Figure 15.4: This graph shows the spectrum of solar radiation reaching Earth. The vertical axis show irradiance in Watts per square meter per nanometer increasing upward and the horizontal axis shows wavelength in nanometers increasing toward the right. A smooth and continuous curve shows the irradiance at each wavelength: the curve steeply rises starting at the bottom left of the graph at 0 nm wavelength in a section labeled UV, and the peak of the curve is around 500 nm wavelength and 1.75 irradiance in a section labeled Visible. Then the curve more gradually decreases toward the right in a section labeled Infrared, until it reaches near zero irradiance past 2600 nm wavelength.
 Figure 15.5: This figure shows incoming solar radiation, 23% is absorbed in the atmosphere, 29% reflected, and 48% absorbed at the surface after passing through atmosphere.
 Figure 15.6: Incoming solar radiation reaching the surface (48% net solar energy) and changing into longwave radiation (25% evaporation, 5% convection, 17% net thermal radiation) that radiates into the atmosphere.
 Figure 15.7: Graph with contributions in degrees Celsius along the bottom horizontal axis and a vertical axis based at 0 degrees Celsius. Along the vertical axis are various drivers of climate change, each with a bar to show how much it cools or warms in degrees Celsius, with warming bars colored red and cooling bars colored blue. Starting from the bottom: aviation contrails has a red bar to less than 0.1 degrees and irrigation and albedo has a blue bar to nearly negative 0.1 degrees. The group above those is labeled aerosols which includes the following: black carbon has a red bar to nearly 0.1 degrees, ammonia has a blue bar to less than negative 0.1 degrees, organic carbon has a blue bar to nearly negative 0.1 degrees, sulphur dioxide has a blue bar to nearly negative 0.5 degrees. The group above aerosols is labeled greenhouse gases which includes the following: other gases has a red bar to 0.2 degrees, nitrogen oxides has a blue bar to negative 0.14 degrees, halogenated gases has a red bar to 0.1 degrees, nitrous oxide has a red bar to nearly 0.1 degrees, methane has a red bar to just over 0.5 degrees, and carbon dioxide has a red bar to nearly 0.8 degrees.
 Figure 15.8: Graph of temperature anomaly on the vertical axis, from -0.6 to 1.0 degrees C, and time on the horizontal axis, from the year 1880 to 2016. The global annual mean land-ocean temperature is plotted on the graph as a solid black line and a solid red line is the five-year Lowess smoothing. The graph shows that the average mean temperature is rising over time, from -0.2 C temperature anomaly in 1880 to 0.98 C temperature anomaly in 2016 with minor fluctuations within the larger trend.
 Figure 15.9: Latest CO2 reading: 415.91 ppm.
 Figure 15.10: Graph showing CO2 concentration in ppm along the vertical axis, from 310 to 430, and year along the horizontal axis, from 1958 to 2022. The graph shows that the CO2 concentration is rising over time, from 316 ppm in 1958 to 415.91 ppm in 2022 with minor seasonal fluctuations within each year in the larger trend.
 Figure 15.11: Graph showing Antarctica ice mass in gigatons along the vertical axis, from negative 2000 to 0, and time along the horizontal axis, from the years 2002 to 2016. The graph shows that Antarctic ice mass has declined by 2000 gigatons from 2002 to 2016.
 Figure 15.12: Map centered over the North Pole, showing the maximum extent of the Laurentide ice sheet. The ice sheet covers Greenland, Canada, the northern United States, northern Europe, and northern Asia.
 Figure 15.13: A graph of atmospheric CO2 levels over time. The vertical axis shows Benthic O-18 in per mil, decreasing upward; the horizontal axis shows the time from 65 to 0 million years ago. During the Cenozoic Era, carbon dioxide levels steadily decreased from a maximum in the Paleocene, causing the climate to gradually cool. By the Pliocene, ice sheets began to form. There are short-term cycles of warming and cooling within the larger glaciation event.
 Figure 15.14: Map of bottom of earth showing Antarctic continent and an ocean current circulating clockwise around it.
 Figure 15.15: Graph showing the oxygen isotope record for last 5 million years with regular minimum-maximum cycles. More pronounced glacial cycles are in the last 1 million years.
 Figure 15.16: Image of 8 black, gray, brown, and tan sediment cores showing clear layering and vertical changes in color and composition.
 Figure 15.17: This figure shows three graphs stacked vertically with the same horizontal axis: 450 thousand years ago on the left to present day on the right. The top two graphs are of Ice Age temperature anomalies over the last 450 thousand years to the present and the bottom graph shows changes in global ice volume over the last 450 thousand years to the present. Changes in global ice volume and changes in Antarctic temperature are highly correlated. Horizontal lines across each graph indicate modern temperature anomaly of 0 and ice volume of Low. The Antarctic temperature records indicate that the present interglacial is relatively cool compared to previous interglacials.
 Figure 15.18: Photo of ice core with visible annual layers; 11 arrows point to lighter- colored summer layers sandwiched between darker winter layers.
 Figure 15.19: A thin section of Antarctic ice showing hundreds of tiny trapped air bubbles. The ice is illuminated with polarized light, producing a colorful effect.
 Figure 15.20: Graph of composite carbon dioxide record: the horizontal axis spans 800,000 years ago on the left to 0 years ago (present day) on the right and the vertical axis spans 170 at the bottom to 310 ppm at the top. CO2 concentrations increase to around 290 ppm during warm periods and decrease to around 190 ppm during glacial periods with approximately 9 regular cycles throughout the graph.
 Figure 15.21: Shows a tree cut in cross-section with tree rings. Each ring form in one year.
 Figure 15.22: Graph of tree ring data: the horizontal axis is labeled Years and spans 5000 BC to 2000 AD; the vertical axis is labeled Anomalies, degrees C, and spans -1 degree Celsius to positive 2 degrees Celsius. Highs and lows fluctuate cyclically throughout time around the 0 degrees celsius line and the last few hundred years are slightly higher temperatures than earlier highs.
 Figure 15.23: Scanning electron microscope image of pollen from a variety of common plants: sunflower are small spiky sphericals, colorized pink; morning glory are big sphericals with hexagonal cavities, colorized mint green; hollyhock are big spiky sphericals, colorized yellow; lily are bean shaped, colorized dark green; primrose are tripod shaped, colorized red; and castor bean are small smooth sphericals, colorized light green. The image is magnified some x500, so one bean shaped grain in the bottom left corner is about 50 μm long.
 Figure 15.24: Pie chart shows greenhouse gas emissions by economic sectors. Total: 49 Gt CO2-eq in 2010. 25% indirect CO2 emissions: energy (1.4%), industry (11%), transport (0.3%), buildings (12%), AFOLU (0.87%). These make up electricity and heat production. 75% indirect CO2 emissions: industry (21%), transport (14%), buildings (6.4%), AFOLU (24%).
 Figure 15.25: Graph of global anthropogenic CO2 emissions: the vertical axis is labeled GtCO2 per year and spans 0 to 40; the horizontal axis is labeled Year and spans 1840 to 2011. The graph is color-coded according to fossil fuel emissions in light gray and forestry and other land use in dark gray. Carbon emissions from fossil fuel combustion increase notably around 1950 and continue to increase consistently until the graph ends in 2011, while forestry and other land use increase around 1950, remain relatively consistent until 2000, and then decrease. To the right of the main graph is a graphic labeled Cumulative CO2 emissions, with two bar graphs labeled 1750-1970 and 1750-2011 and a shared horizontal axis labeled GtCO2 that spans 0 to 2000. The bar graph for 1750-2011 reaches over 2000 GtCO2 while the bar graph for 1750 to 1970 only reaches near 1000 GtCO2. Like with the main graph, the emissions due to fossil fuels are much higher than the emissions due to forestry and other land use in the years 1750-2011.
 Figure 15.26: Graph with the years 1850 to 2023 on the horizontal axis and two vertical axes. The left vertical axis is difference from twentieth century average in degrees Celsius, going from negative 0.6 to 1.2 upward, and the right vertical axis is global atmospheric carbon dioxide in parts per million, going from 280 to 410 upward. There is a horizontal line at 0 degrees Celsius to show the long-term average. A gray curve goes from the lower left to upper right, slowly traveling upward from the year 1850 to 1960 and then getting steeper upward from 1960 to 2023 in an exponential shape. There is a vertical bar for each year colored blue for cooler than average and red for warmer than average. From 1850 to 1939, nearly all of the bars are blue and below the average with the exception of years 1878 and 1879. From 1978 to 2023, all of the bars are red and above the average, increasing higher and higher in more recent years. The period between 1940 and 1977 has a mix of blue and red bars.
 Figure 15.27: A bar chart showing effective radiative forcing in Watts per square meter on the horizontal axis from -1.6 on the left to 3.8 on the right. The nine plotted horizontal bars are color-coded so that red represents positive radiative forcing and blue represents negative radiative forcing. From bottom to top, the bars plotted are: Solar from 0 to 0.1 Watts per square meter, Total anthropogenic from 0 to 3 Watts per square meter, Aerosols from 0 to -1 Watts per square meter, Contrails & aviation-induced cirrus from 0 to 0.1 Watts per square meter, Albedo from -0.1 to 0.05 Watts per square meter, Stratospheric water vapor from 0 to 0.05 Watts per square meter, Ozone from 0 to 0.3 Watts per square meter, Other well-mixed greenhouse gases from 0 to 1.1 Watts per square meter, and Carbon dioxide from 0 to 2.2 Watts per square meter.
 Figure 15.28: A graph showing CO2 concentration in ppm on the vertical axis from 300 at the bottom to 1200 at the top and the Year on the horizontal axis from 2000 on the left to 2100 on the right. There are five colored lines on the graph showing various projection scenarios. In order from the flattest line that shows very little long-term change in CO2 concentration to the year 2100 to the steepest line that shows the greatest long-term change in CO2 concentration to the year 2100: blue represents SSP 1-1.9 and ends at just under 400 ppm in the year 2100, navy blue represents SSP 1-2.6 and ends at 450 ppm in the year 2100, yellow represents SSP 2-4.5 and ends at 600 ppm in the year 2100, red represents SSP 3-7.0 and ends at 870 ppm in the year 2100, and maroon represents SSP 5-8.5 and ends at 1140 ppm in the year 2100.
 Figure 15.29: Graph with the years 1950 to 2100 along the horizontal axis and population in bilions from less than 3 to over 14 along the vertical axis. A black line goes from the bottom left under 3 billion people in the year 1950 toward the upper right and splits into multiple colored dashed curves at 8 billion people in the year 2024. There are two blue curved dashed lines that show the extreme projections, one continues the increase to over 14 billion people in the year 2100 and the other curves downward to less than 7 billion people in 2100. There are red dashed lines between the two blue dashed lines that show more moderate predictions, filled in with yellow.
 Figure 15.30: A colorful flow chart that shows the various sources of energy production on the left, flowing in multiple pathways toward the right that split and recombine to end at two possible categories, rejected energy or energy services. The energy sources on the left are solar, nuclear, hydro, wind, geothermal, natural gas, coal, biomass, and petroleum, scaled in size according to how much energy they provide in the US. The two categories on the right are scaled in size with rejected energy being double the size of energy services.
 Figure 15.31: Photograph of solar cell panels in the foreground, a much larger wind turbine in the middle ground, and electricity pylons in the more distant background.
 Figure 15.32: Photograph of five people walking toward the camera, each dressed in white plastic-looking suits, wearing yellow hard hats, face masks, and black rubber boots. There is a partially destroyed white concrete and red brick building in the background.
 Figure 15.33: Photo of a two-door car with a silver body and black hood.
 Figure 15.34: Photo of five people dressed in business wear holding each others’ hands in the air and smiling. Behind them is a sign that says “Nations Unies.”
 Figure 15.35: Photo of three blue-green buckets on vertical stilts of various heights with the tallest bucket directly below a roof drain. The buckets have spouts leading into the next smaller bucket and the smallest bucket spout leads into a cement irrigation structure.
 Figure 15.36: Block diagram showing land leading to a body of water along the surface with multiple layers of earth below. Inland is a gray structure labeled power station that has two red lines that combine into a green dot labeled multi-junction. A single green line travels from the dot toward the shoreline and runs into a gray square labeled pumping station. The green line continues from the pumping station into the open body of water to a gray water platform titled storage in porous rock. A vertical blue line is drawn from the water platform down through three earth layers, ending a tan dotted layer representing porous rock.
  About the author
 adapted by Laura Neser 
 
 
 
 
 Media Attributions
	15.1_Atmosphere_gas_proportions 
	Physical_Drivers_of_climate_change © Eric Fisk is licensed under a CC BY-SA (Attribution ShareAlike) license
	Section 15.1 quiz 
	Video 15.1 
	Video 15.2 
	daily_value_9_25_2024 
	mlo_full_record_9_25_2024 
	Video 15.3 
	Video 15.4 
	Video 15.5 
	Video 15.6 
	Section 15.2 quiz 
	Video 15.7 
	Section 15.3 quiz 
	global_temp_vs_carbon_dioxide_2023update © NOAA is licensed under a Public Domain license
	ESSD_Radiative_Forcing_1750_to_2022 is licensed under a CC BY-SA (Attribution ShareAlike) license
	Section 15.4 quiz 
	World_Population © United Nations, DESA, Population Division is licensed under a CC BY (Attribution) license
	Renewable_Energy_on_the_Grid © Kenueone is licensed under a Public Domain license
	COP_Paris_Accord © UNclimatechange is licensed under a CC BY (Attribution) license
	CCS_Graphic © Department of Energy and Climate Change is licensed under a CC BY-ND (Attribution NoDerivatives) license
	Section 15.5 quiz 
	Chapter 15 quiz 
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		details dropdown testing

								

	
				 Figure Descriptions Figure 5.1: A diagram depicting the continuous movement and transformation of carbon on Earth. The diagram shows a circular process with labeled arrows and key components: starting with the emission of carbon into the atmosphere, arrows indicates carbon released from volcanoes, fossil fuel emissions from factories, agriculture, fire, transportation, oceans, and animals; arrows show carbon returning to Earth’s surface through plants, oceans, and wetlands; an arrow shows consumption of carbon by animals; and arrows show carbon entering the ground in decomposition. There is an asterisked note in the sky that reads Some carbon remains in the atmosphere (not in cycle) and there is another asterisked note in the ground that says “Some carbon remains in the ground (not in cycle).
  
  Figure Descriptions– USING LHL syntax Figure 5.1: A diagram depicting the continuous movement and transformation of carbon on Earth. The diagram shows a circular process with labeled arrows and key components: starting with the emission of carbon into the atmosphere, arrows indicates carbon released from volcanoes, fossil fuel emissions from factories, agriculture, fire, transportation, oceans, and animals; arrows show carbon returning to Earth’s surface through plants, oceans, and wetlands; an arrow shows consumption of carbon by animals; and arrows show carbon entering the ground in decomposition. There is an asterisked note in the sky that reads Some carbon remains in the atmosphere (not in cycle) and there is another asterisked note in the ground that says “Some carbon remains in the ground (not in cycle).
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		Resources

								

	
				
Resources we mention in the workshop:
 	Pressbooks user guide
 	Pressbooks Directory
 	OER libguide
 	Hypothesis (learn more and create an account)
 	Pressbooks user guide: hypothesis chapter
 	H5P examples
 	Pressbooks user guide: H5P chapter
 	H5P Activity Accessibility Reports
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		View, Compare, and Restore Revisions

								

	
				Every time you save your chapter, Pressbooks stores a copy of that revision. By clicking ‘Browse’ next to the revision count in the Status & Visibility menu you can view past revisions. You can see who made each revision, when it was saved, and compare or restore old versions.
 For example:
  Open Educational Resources (OER) are free and openly licensed course materials, such as free textbooks, that can help ensure that all of your students, regardless of their financial situation have free access to your course materials on the first day of class. OER fit under the larger umbrella of textbook affordability, with the goal of providing a variety of solutions for faculty to minimize the cost of course materials for students, while also maintaining the quality of educational materials and respecting academic freedom. OER include traditional textbooks, lesson plans, videos quizzes and more. 
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		H5P

								

	
				
Image Hotspot: US Government WWI Food Propaganda
 This 1918 poster was created by the National War Garden Commission to promote home canning. Click on the info buttons to learn more.
  
  [image: image]  
  
  

 
 
 1
 About the Poster:
 
 This poster was created in 1918 to promote voluntary rationing in the United States.
 
 
 
 
 2
 Home Canning
 
 Home canning was only just becoming accessible for American housewives. Home pressure cookers were uncommon, expensive, and sometimes dangerous so most women used the boiling method to can food. It would take several years for the USDA to recommend pressure canning for all meat and low acid fruits and vegtables .
 
 
 
 
 3
 Voluntary Rationing
 
  In this image, a woman dressed in an American flag holds a jar of pickles in one hand with her other hand at her side. Voluntary rationing depended on social and community enforcement of rationing policies. How does this woman's clothing and pose support this message?
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=67#h5p-10 
 
 Source: How Did We Can? | Win The Next War Now, 1918, National Agricultural Library, https://www.nal.usda.gov/exhibits/ipd/canning/items/show/35.
 Fill in the Blanks: Creative Commons Licenses
  Fill in the missing words, when done click the blue "check" button at the bottom of the activity, you'll have the option to click "show solution" or "retry."
 
 
 There are six different creative commons (CC) license types:
 The  license allows reusers to distribute, remix, adapt, and build upon the material in any medium or format, so long as attribution is given to the creator. The license allows for commercial use.
 The   license allows reusers to distribute, remix, adapt, and build upon the material in any medium or format, so long as attribution is given to the creator. The license allows for commercial use. If you remix, adapt, or build upon the material, you must license the modified material under identical terms.
 The  license allows reusers to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial purposes only, and only so long as attribution is given to the creator. 
 The  license allows reusers to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must license the modified material under identical terms. 
 The  license allows reusers to copy and distribute the material in any medium or format in unadapted form only, and only so long as attribution is given to the creator. The license allows for commercial use. 
 The  license allows reusers to copy and distribute the material in any medium or format in unadapted form only, for noncommercial purposes only, and only so long as attribution is given to the creator. 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=67#h5p-15 
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		Creating Accessible OER

	

	
		This section of the workshop guide is intended to accompany an Accessible OER 101 workshop at UO libraries. The information in this section is a brief overview of Pressbooks accessibility best practices. For a much more robust explanation of creating accessible content in Pressbooks, we recommend the BC Campus Accessibility Toolkit. The CUNY Toolkit for Accessible OER LibGuide is also an excellent resource.
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		Text Layout & Organization

								

	
				
 Resources
  	CUNY Accessibility Best Practices: Titles, Text Layout, Headings, Lists, Meaningful Link Text
 	BCCampus Accessibility Toolkit: Organizing Content (headings)
 	BCCampus Accessibility Toolkit: Links
 
 
 
 Page Organization & Headings
 Everyone benefits from organized content, especially in a textbook. It is important to break up long sections of text with chapter/page breaks, textboxes, white space, and most importantly structured headings. Headings provide structure for all readers, but can be especially helpful for students using screen readers to easily navigate pages. Use headings in numerical order (ex: start with ‘Heading 1’) and use them to structure chapters. Do not use headings to change the appearance of text, if you want to use bold or large text use font type and size attributes instead.
 Textboxes
 Textboxes are a great way to visually separate text and break up long sections. It’s important to format textbox titles as headings so they are also distinguished for people using screen readers. The heading level will depend on where the textbox appears in the chapter. Learn more about textbox formatting from the BC campus accessibility toolkit.
 Titles
 Use descriptive chapter titles, rather than simple numbered titles.
 Lists
 When writing bulleted or numbered lists, use the built in list option in the Pressbooks editor. Lists are a good replacement for simple tables, and when used correctly assistive technology can communicate to users that content is organized in a list.
 	this is an ordered list
 	entry two
 
 1. this is not a list
 2. It is unformatted text with numbers next to it
 Meaningful Link Text
 When linking to internal or external pages or files, it’s important to use meaningful link text. That means describing the destination of the link in the link text. Rather than saying: you can find out more here, and adding a link to the word ‘here’, describe the destination of the link: you can learn more about accessible links in the Links chapter of the Accessibility Toolkit. If your link opens in another tab or downloads a file, indicate that in the text of the link, for example:
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 Images
 Best Practices:
 	Use alt text for functional images
 	Alt text should concisely describe the content and functionality of the image.
 	On their website Alt Text As Poetry Bojana Coklyat and Shannon Finnegan emphasize that the primary goal of alt text must always be making the internet more accessible and highlight three ideas from the world of poetry that are helpful when writing alt text: 	Attention to Language
 	Word Economy
 	Experimental Spirit: trying different strategies and learning from others.
 
 
 
 
 	Include long descriptions of complex images, charts, maps, etc.
 	Don’t replicate alt text in captions.
 
 Examples
 Long description:
  
 [image: Newspaper clipping, a correspondent asks for a colored rose bead recipe. Full text image description available.]Mrs. L.S. writes to the Sunday Oregonian in 1912 requesting a recipe for rose beads, one of many women suddenly fascinated by the bead making process [Image Description].  Another example: long description for comics. Multi-panel comics almost always need to be transcribed.
 Activity:
 [image: a small red panda looking directly at the camera with its tongue out]
 [image: In a crowded kitchen two cooks stand over a counter counter full of ingredients.]
  
 What would you write to use as alt text for the images above? How could the context of the image change how you describe the image in the alt text? Is one of these images harder to write alt-text for? If so, why?
 Want another challenge? check out CUNY: alt text for memes
 Resources
  	Learn More: BC Campus Accessibility Toolkit: Images
 	Write helpful Alt Text to Describe images, Harvard University Accessibility
 	Alt Text as Poetry (website and accompanying workbook)
 
 
 
 Multimedia
 Multimedia includes and content that has video and/or audio.
 The BC Campus Accessibility Toolkit asks you to think about these questions when evaluating what you need to do to make multimedia accessible:
 	Does your multimedia resource include audio narration or instructions? If so, you should: 	provide a complete transcript of all speech content and relevant non-speech content in the resource
 
 
 	Does your multimedia resource include audio that is synchronized with a video presentation? If so, you should: 	provide captions of all speech content and relevant non-speech content in the resource
 
 
 	Does your multimedia resource include contextual visuals (e.g., charts, graphs) that are not addressed in the spoken content? If so, you should: 	provide audio descriptions of relevant visual materials in the resource
 
 
 
 Best Practices:
 	Automated captions are a good place to start, but not enough. Platforms like Panopto and YouTube will generate auto-captions which can be very helpful in reducing the labor in captioning. But it’s important to go back and correct/ edit the captions.
 	Captions should include all speech content and all relevant non-speech audio.
 	Transcripts should include: the speaker’s name, relevant descriptions of the audio or non-speech audio in brackets, headings to structure the text in brackets to indicate they were not part of the original audio.
 	Try to avoid the need for audio description when possible by explaining important visuals verbally in videos.
 
 Resources
  	Creating and editing auto-generated captions on YouTube,  Berkeley Digital Accessibility
 	Adding captions to a Panopto video, UO Teaching Support and Innovation Guides
 	Best practices for writing a transcript, Accessibility Toolkit
 	Best practices for audio description, Accessibility Toolkit
 
 
 
  
 Image Descriptions:
  Fig 10.1 Newspaper clipping, text reads: PORTLAND, OR., July 11- I noticed in your Sunday column that you had given receipts for making colored rose beads in the Sunday paper of June 30. Now I have procured a copy from the business office as directed but cannot find any receipt for making them. You state that you will publish the receipt in a separate column, but I have searched the whole paper without finding it. Will you please mail me the receipt if you cannot publish it? I will enclose stamped envelope. I want this badly or should never bother you about it. Mrs. L.S. [Return to Fig 10.1]
 Attribution
 The images section of this chapter was adapted from the Accessibility Toolkit 2nd Edition: Images by BCcampus which is licensed under a Creative Commons Attribution 4.0 International License.
 The multimedia section of this chapter was adapted from the Accessibility Toolkit 2nd Edition: Multimedia by BCcampus which is licensed under a Creative Commons Attribution 4.0 International License.
 Fig 10.1 is a public domain image, source: Tingle, Lilian. “Rose Beads Popular and Are Easily Made.” The Sunday Oregonian. June 30, 1912. Historic Oregon Newspapers.https://oregonnews.uoregon.edu/lccn/sn83045782/1912-06-30/ed-1/seq-68/
 Media Attributions
	Red panda © Mathias Appel via Flickr is licensed under a Public Domain license
	Cooking School 223 © Gamerscore Blog is licensed under a CC BY-SA (Attribution ShareAlike) license
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		Color

								

	
				
Best Practices:
 	Don’t use color as the only way to convey information, use color as a secondary indicator of meaning
 	Use high contrast colors and color checking tools to ensure that color blind and low vision readers can fully understand your work.
 	The WCAG 2.0 require that color combinations meet clearly defined contrast ratios. In order to meet the guidelines at Level AA, text or images of text must have a contrast ratio of at least 4.5:1 (or 3:1 for large text).
 	Links should be visually distinct from other text, if color is the only distinction than the link color must have sufficient contrast between both the background and the non-link text.
 
 [image: Examples of font colour against background colour; showcases issues with insufficient contrast]Only one of these combinations provides sufficient color contrast.  
 Resources
  	WebAIM’s Color Contrast Checker: This web-based tool allows you to select or enter color values to test, and provides you with a “pass” or “fail” on your contrast ratio.
 	ACART’s Contrast Checker: This is a straightforward, web-based tool you can use to both check color contrast and view your selections in grey scale. This tool also allows you to keep a history of the color combinations you have tested.
 	A11Y – Color blindness empathy test (Firefox browswer plugin)
 
 	A11Y – Color blindness empathy test (Chrome browser extension)
 
 	CUNY accessibility toolkit: color
 	BC Campus accessibility toolkit: colour contrast
 
 
 
 Attribution
 Parts of this chapter were adapted from the Accessibility Toolkit 2nd Edition: Colour Contrast by BCcampus which is licensed under a Creative Commons Attribution 4.0 International License.
 Media Attributions
	Colour Contrast © Hilda Anggraeni (BCcampus) is licensed under a CC BY (Attribution) license
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		Tables

								

	
				
Best Practices
 	Use tables for tabular content only, not for formatting
 	Use the Pressbooks table settings to set the ‘header row’
 	Use clear headers
 	read the table left to right and top to bottom
 	Avoid merged cells
 	caption tables with a main takeaway or include a summary if the table is very long or complex
 
 Learn more about creating accessible tables in Pressbook in the BC Campus Accessibility Toolkit.
 Examples
 	Title 	Author 	License 
  	Pressbooks @ UO 	Allia Service 	CC BY 4.0 
 	Advanced Legal Research: Process and Practice 	Megan Austin 	CC BY 4.0 
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		H5P

								

	
				
Best Practices
 Before using any H5P activity we recommend consulting LibreText’s H5P Accessibility Guide. The guide rates each activity as: Requires Alternative Activity, Useable with Workarounds, or Useable with Best Practices. Avoid activities that are inaccessible and refer LibreText’s documentation for workarounds and best practices. Some of LibreText’s workarounds and best practices apply to most activities:
 	Add a unique label for the activity on the page outside of the H5P content
 	Add instructions for questions on the page outside of the H5P content
 	Add alt-text descriptions up to 150 characters for meaningful images
 	Use good color contrast for meaningful visual information in images.
 	Be prepared to provide students an alternative activity if their assistive technology does not work with the H5P activity
 
 Example:
 Accessibility Guide for H5P Multiple Choice
 Open License Multiple Choice Question:
  How do open licenses relate to traditional, all rights reserved copyright? 
 
 
 	Open licenses negate traditional copyright law. 
 
 
 
 	Open licenses circumnavigate the restrictions of traditional copyright law. 
 
 
 
 	Open licenses are an alternative to traditional copyright law.
 
 
 
 	Open licenses work within traditional copyright law. 
 
 
 
 
 
 
 	
 
 
 
 
 
 
 
 
  The interactive version of this H5P content is available at:
 https://opentext.uoregon.edu/pressbooksatuo/?p=486#h5p-16 
 
 Attribution
 This page is adapted from the H5P Accessibility Guide  by LibreTexts which is licensed under a CC BY 4.0 license.
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		Checking Accessibility & Ongoing Accessiblity

								

	
				
Accessibility Review
 For UO OER projects published on Pressbooks, all projects go through an accessibility review before publishing. The accessibility review includes an automated check using the WAVE Web Accessibility Evaluation Tool and a thorough manual review. The OER specialist will fix minor issues or issues that require technical intervention (like adding html language tags), and provide the author with an accessibility report for other issues so the author can correct them before publication. The most common accessibility issues for UO Pressbooks OER are missing alt text and incorrect use of headings.
 Using an automated accessibility checker like WAVE is a great way to start the accessibility review process, and is especially good at flagging things the human eye might miss (like missing alt text or skipped heading levels). But no automated tool is good enough to negate the need for people to do their own accessibility checks.
 Accessibility Statements
 We recommend that you add an accessibility statement to the front matter of your book to explain the steps you took to make your OER accessible and answer questions about how to access your book. It should also include a discussion of any known accessibility issues and a way for readers to contact you to report accessibility issues. Josie Gray explains how and why to write accessibility statements in the Accessibility Toolkit. You can also see an example of an accessibility statement at the beginning of this workshop guide.
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		Example Inaccessible Page

								

	
				
Inaccessible example activity
 Ut sagittis dui
 Lorem ipsum dolor sit amet, consectetur adipiscing elit. Ut varius finibus gravida. Lorem ipsum dolor sit amet, consectetur adipiscing elit. Maecenas pretium vitae tortor id vestibulum. In ac neque iaculis, faucibus nulla ac, vehicula lorem. Praesent massa arcu, tristique in pellentesque in, porttitor ut velit. Sed placerat leo est. Donec sagittis nec ante non dignissim. Suspendisse malesuada, odio vitae malesuada condimentum, mauris mi tincidunt justo, in posuere nulla augue vel lorem. Donec sit amet tellus non lorem placerat iaculis. Duis condimentum arcu sed rhoncus fermentum. Nam consequat laoreet orci, facilisis dapibus massa fermentum in. Nam tempor et ante sed convallis. Nullam imperdiet, nisl vulputate sodales auctor, ipsum massa fermentum ligula, vestibulum vestibulum tellus nunc ut mauris. Praesent faucibus hendrerit metus ac tincidunt. Cras tincidunt justo ut nibh volutpat vulputate.
 [image: a green salad.]
 Sed bibendum
 Donec molestie volutpat egestas. Aliquam dignissim turpis eu ultrices commodo. Nam ultricies, mi sit amet malesuada accumsan, sem lacus elementum urna, sed ultrices odio lacus ac erat. Suspendisse hendrerit nulla a dui efficitur tempus. Integer dapibus elit et diam convallis ornare. Donec eros tortor, fermentum sed orci id, aliquam ornare elit. Integer at neque venenatis, iaculis odio ac, imperdiet tortor.
 Vitae posuere maximus.
 Sed faucibus id nibh sit amet commodo. Mauris quis velit consectetur, porttitor tortor vitae, auctor risus. Integer vulputate nunc a est commodo molestie. Nam viverra neque vitae magna hendrerit, in hendrerit risus laoreet. Sed imperdiet faucibus purus, vel mattis elit scelerisque sed. Sed a nibh porttitor, dignissim dui sit amet, eleifend mi. Sed metus lacus, condimentum sit amet euismod quis, condimentum a arcu.
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 Cras quis fermentum odio. Class aptent taciti sociosqu ad litora torquent per conubia nostra, per inceptos himenaeos. Nulla sit amet nunc placerat arcu accumsan laoreet id eu leo. Sed ultrices pretium purus quis condimentum. Etiam finibus diam a ultrices egestas. Ut sit amet massa sed nisl blandit sagittis. Maecenas ac eros ultricies, consectetur nisl ac, aliquet lacus. Sed pretium metus ut metus consequat, sit amet scelerisque massa hendrerit. Phasellus tempus ac est nec tincidunt. Etiam et elit lorem.
 Aliquam blandit
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 Donec a nibh vel
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 Suspendisse lacinia
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 Nam sit amet sagittis urna, ultricies mattis nisl. Etiam iaculis ante sed dictum tristique. Sed porttitor ac urna sed mollis. Pellentesque venenatis ultrices nunc non congue. In efficitur placerat ultrices. Suspendisse scelerisque dapibus consequat. Nam quis fermentum mi. Nam blandit cursus erat, sed interdum augue semper quis. Mauris consectetur nisi in porttitor consequat.
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