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Introduction
 	The Earth System consists of four “spheres”: 
	Lithosphere – the ‘solid’ Earth
 		sold hard rock of the crust, hot semi-solid rock in the mantle, hot molten rock of the 
		outer core, solid Fe-Ni inner core
	Hydrosphere – water in all its forms on Earth
 		liquid, solid, and gaseous water
	Atmosphere – the gases that surround Earth
 		mixture of nitrogen, oxygen, water vapor, argon, carbon dioxide, and other components
		of air
	Biosphere – all lifeforms on Earth
 		from bacteria to blue whales and giant redwoods
 	These interact in many ways to create the dynamic planet we live on. We will explore some of these from the viewpoints of the NGSS and Framework for K-12 Science, and Earth2Class Workshops. One goal will be to create some innovate classroom activities that enhance student ability to meet relevant PEs. 
 	One of the most relevant DCI is:
ESS2.A: Earth Materials and Systems
· Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes. (HS-ESS2-1), (HS-ESS2-2)

 	To begin, remember that Earth processes involve both matter and energy. Such interactions often involve cause-and-effect relationships. A term often used to indicate the interactions between spheres is event. 
Example 1: California Wildfires
	Parts of California north of San Francisco are experiencing disastrous wildfires. Here is an update posted on Oct 13: https://weather.com/news/news/2017-10-13-california-fires 
 	Here is a related explanation story: https://weather.com/news/news/2017-10-13-california-fires
[bookmark: _GoBack] 	The wildfires are the “event.” How could we analyze interactions with this event from an Earth Systems viewpoint? Provide answers to the questions below.
A. Event  Lithosphere
What might be the effect of the intense heat on the rocks and soil?


B. Event  Hydrosphere
How did the dry environment in which the fires began develop? How is it maintained?




How can heat from the flames affect moisture in the soil, air, and vegetation?




C. Event  Atmosphere
What atmospheric gases are needed to maintain the flames? 




What atmospheric gases and other materials are released from the flames? Where do they go?




D. Event  Biosphere
What provides most of the fuel for the fires? 



Are there any possible positive benefits for organisms from such fires?




Now examine a similar case study about Yellowstone wildfires, created as part of the “Classroom of the Future” (http://www.cotf.edu/ete/ess/essmain.html). Read the information presented and complete the table below. Add comments to the information provided in the article.
	Lithosphere  Atmosphere









	

	Lithosphere  Biosphere








	

	Lithosphere  Hydrosphere








	

	Hydrosphere  Atmosphere








	

	Hydrosphere  Biosphere








	

	Biosphere  Atmosphere








	



Can you think of any other possible interactions?
Example 2:  Ocean Acidification
 	On important scientific issue discussed in today’s Earth2Class Workshop involved the increasing acidification of seawaters and the potential impact on many marine organisms. 
 	Use the resources available in today’s Workshop (https://earth2class.org/site/?page_id=13921) and other sources to complete a similar analysis of “sphere interactions” involved with ocean acidification.
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Based on these analyses, what might be two questions for future scientific research?





Based on these analyses, what might be two “action items” for individuals, governments, and/or non-governmental agencies to attempt with regard to ocean acidification? 









Example 3  Biogeochemical Cycles Learning Activities
 	Another pertinent DCI is:
ESS2.A: Earth Materials and Systems
· The geological record shows that changes to global and regional climate can be caused by interactions among changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean circulation, volcanic activity, glaciers, vegetation, and human activities. These changes can occur on a variety of time scales from sudden (e.g., volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles. (HS-ESS2-4)

 	The CO2 investigations described in today’s E2C provide evidence of how global and regional climate has changed as a consequence of orbital and other factors. You also saw charts showing patterns over a variety of time scales. 
 	Many classroom activities have been developed to help students understand biogeochemical cycles. Two examples are:
“Using the Carbon Cycle Interactive Game in the Classroom”
https://www.windows2universe.org/teacher_resources/teach_carbongame.html 
“Traveling Nitrogen”
https://www.windows2universe.org/teacher_resources/teach_nitrogen.html 
 	Examine these and/or other resources, and describe strategies that you might use in your classes to strengthen student understanding of interactions among the Earth System’s four spheres.

Additional comments about this theme


Selected NGSS DCIs and PEs
ESS2.A: Earth Materials and Systems
· Earth’s systems, being dynamic and interacting, cause feedback effects that can increase or decrease the original changes. (HS-ESS2-1), (HS-ESS2-2)
· Evidence from deep probes and seismic waves, reconstructions of historical changes in Earth’s surface and its magnetic field, and an understanding of physical and chemical processes lead to a model of Earth with a hot but solid inner core, a liquid outer core, a solid mantle and crust. Motions of the mantle and its plates occur primarily through thermal convection, which involves the cycling of matter due to the outward flow of energy from Earth’s interior and gravitational movement of denser materials toward the interior. (HS-ESS2-3)
· The geological record shows that changes to global and regional climate can be caused by interactions among changes in the sun’s energy output or Earth’s orbit, tectonic events, ocean circulation, volcanic activity, glaciers, vegetation, and human activities. These changes can occur on a variety of time scales from sudden (e.g., volcanic ash clouds) to intermediate (ice ages) to very long-term tectonic cycles. (HS-ESS2-4)

Students who demonstrate understanding can:
	HS-ESS2-1.
	Develop a model to illustrate how Earth’s internal and surface processes operate at different spatial and temporal scales to form continental and ocean-floor features.   [Clarification Statement: Emphasis is on how the appearance of land features (such as mountains, valleys, and plateaus) and sea-floor features (such as trenches, ridges, and seamounts) are a result of both constructive forces (such as volcanism, tectonic uplift, and orogeny) and destructive mechanisms (such as weathering, mass wasting, and coastal erosion).] [Assessment Boundary: Assessment does not include memorization of the details of the formation of specific geographic features of Earth’s surface.]

	HS-ESS2-2.
	Analyze geoscience data to make the claim that one change to Earth's surface can create feedbacks that cause changes to other Earth systems.  [Clarification Statement: Examples should include climate feedbacks, such as how an increase in greenhouse gases causes a rise in global temperatures that melts glacial ice, which reduces the amount of sunlight reflected from Earth's surface, increasing surface temperatures and further reducing the amount of ice. Examples could also be taken from other system interactions, such as how the loss of ground vegetation causes an increase in water runoff and soil erosion; how dammed rivers increase groundwater recharge, decrease sediment transport, and increase coastal erosion; or how the loss of wetlands causes a decrease in local humidity that further reduces the wetland extent.]

	HS-ESS2-4.
	Use a model to describe how variations in the flow of energy into and out of Earth’s systems result in changes in climate. [Clarification Statement: Examples of the causes of climate change differ by timescale, over 1-10 years: large volcanic eruption, ocean circulation; 10-100s of years: changes in human activity, ocean circulation, solar output; 10-100s of thousands of years: changes to Earth's orbit and the orientation of its axis; and 10-100s of millions of years: long-term changes in atmospheric composition.] [Assessment Boundary: Assessment of the results of changes in climate is limited to changes in surface temperatures, precipitation patterns, glacial ice volumes, sea levels, and biosphere distribution.] 

	
	

	HS-ESS2-5.
	Plan and conduct an investigation of the properties of water and its effects on Earth materials and surface processes. [Clarification Statement: Emphasis is on mechanical and chemical investigations with water and a variety of solid materials to provide the evidence for connections between the hydrologic cycle and system interactions commonly known as the rock cycle. Examples of mechanical investigations include stream transportation and deposition using a stream table, erosion using variations in soil moisture content, or frost wedging by the expansion of water as it freezes. Examples of chemical investigations include chemical weathering and recrystallization (by testing the solubility of different materials) or melt generation (by examining how water lowers the melting temperature of most solids).]

	HS-ESS2-6.
	Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, geosphere, and biosphere. [Clarification Statement: Emphasis is on modeling biogeochemical cycles that include the cycling of carbon through the ocean, atmosphere, soil, and biosphere (including humans), providing the foundation for living organisms.]

	HS-ESS2-7.
	Construct an argument based on evidence about the simultaneous coevolution of Earth’s systems and life on Earth. [Clarification Statement: Emphasis is on the dynamic causes, effects, and feedbacks between the biosphere and Earth’s other systems, whereby geoscience factors control the evolution of life, which in turn continuously alters Earth’s surface. Examples include how photosynthetic life altered the atmosphere through the production of oxygen, which in turn increased weathering rates and allowed for the evolution of animal life; how microbial life on land increased the formation of soil, which in turn allowed for the evolution of land plants; or how the evolution of corals created reefs that altered patterns of erosion and deposition along coastlines and provided habitats for the evolution of new life forms.] [Assessment Boundary: Assessment does not include a comprehensive understanding of the mechanisms of how the biosphere interacts with all of Earth’s other systems.]



	

