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Pedosphere
Grades K-2: Soils are one of the Earth System’s essential natural resources, yet they are often taken for granted. In these activities, K-2 students will learn about the characteristics of the soil and how they interact with one another to support the Biosphere. Through participating in a series of GLOBE and NASA learning activities and protocols, students have the opportunity to engage in authentic science learning experiences with the Pedosphere.
	Performance Expectations Support:
· K-LS1-1, K-ESS2-2 Construct an argument supported by evidence for how plants and animals (including humans) can change the environment to meet their needs.
· K-ESS3-1 Use a model to represent the relationship between the needs of different plants and animals (including humans) and the places they live.
· 2-PS1-1 Plan and conduct an investigation to describe and classify different kinds of materials by their observable properties.

	Science Practices:
· Asking Questions and Defining Problems: 
· Developing and Using Models: 
· Analyzing and Interpreting Data: 
· Engaging in Argument from Evidence
· Obtaining, Evaluating, and Communicating Information: 
	Disciplinary Core Idea:
· LS1.C: Organization for Matter and Energy Flow in Organisms
· ESS2.E: Biogeology 
· ESS3.A: Natural Resources
· ESS3.C: Human Impacts on Earth Systems
	Crosscutting Concepts:
· Patterns
· Cause and Effect
· Systems and System Models 
· Energy and Matter: 

	GLOBE Application

	Pedosphere Protocols: E-Training
· Protocols begin for grades 3-5
· Soil Protocols Introduction

Data Investigation Sheets:
· Data sheets associated with protocols begin for grades 3-5. Available through Soil Protocols Introduction

Elementary GLOBE Storybooks:
· It’s All About Earth
· The Scoop on Soils
	GLOBE Learning Activities: (Learning activities can be used to support concepts associated with the NGSS Performance Expectations.)
· Soil and My Backyard (2-PS1-1)
· Soil Treasure Hunt (2-PS1-)
· We All Need Soil! (K-LS1-1, K-ESS2-2)
·  From Mud Pies to Bricks (2-PS1-1, K-LS1-A, K-ESS2-2, K-ESS3-1)
·  Earth System Play (K-PS2-1)
·  Why do We Study Soil? (K-ESS3-1, 2-PS1-1)
·  Getting to Know the Soil (2-PS1-1)
 We All Need Soil (K-LS1-1, K-ESS2-2, K-ESS3-1, 2-PS1-1)

	Guiding Question(s):
1. What is soil? What is it made of?

2. How does Earth’s surface change from place to place?

3. Why is soil important?

4. What role does soil play in our big Earth?
 

	NASA Resources

	Extension Learning Activities:
· Earth Systems Connections: Compost Bucket
· Earth Systems Connections: Hold On Tight, K2
· Earth Systems Connections: Playground Pounding
· ESSEA K-4 Climate: Land:  The Dirt on Dirt and Climate
· [bookmark: _GoBack]NASA Moon Munchies:  Natural Resources on Earth
	My NASA Data Visualization Tool:
· Earth System Data Explorer
· Tutorials
My NASA Data Science Variable Suggestions:
Soil Moisture: Monthly Mean Soil Moisture (millimeters)
Soil Temperature:
· Daytime Skin Temperature (degrees Celsius)
· Nighttime Skin Temperature (degrees Celsius)
Land Cover Classification: 
Surface Scene Type/Soil Characterization
	My NASA Data Lessons/Activities:
Not supported at this grade level band.

Multimedia Links:
· NASA's Earth Minute: Dishing the Dirt 
· NASA eClips Our World: What is Soil?




Pedosphere
Grades 3-5: Building on concepts developed in grades K-2 that focused on general soil characteristics and their relationship to the Biosphere, students in grades 3-5 examine these characteristics and make inferences about how the interactions among the spheres of the Earth System affect each other. By incorporating GLOBE and My NASA Data in the classroom, educators provide students with the ability to collect data and access satellite data to answer their own questions related to Earth System interactions that affect the soil where they live.   

	Performance Expectations Support:
· 5-LS1-1 From Molecules to Organisms: Structures and Processes Support an argument that plants get the materials they need for growth chiefly from air and water.
· 5-LS2-1 Ecosystems: Interactions, Energy, and Dynamics Develop a model to describe the movement of matter among plants, animals, decomposers, and the environment.
· 5-ESS2-1 Earth's Systems Develop a model using an example to describe ways the geosphere, biosphere, hydrosphere, and/or atmosphere interact.

	Science Practices:
· Asking Questions and Defining Problems 
· Developing and Using Models
· Analyzing and Interpreting Data 
· Engaging in Argument from Evidence
· Obtaining, Evaluating, and Communicating Information
	Disciplinary Core Idea:
· LS2.A Independent Relationships in Ecosystems 
· LS2.B Cycles of Matter and Energy Transfer in EcosystemsESS2.A Earth Materials and Systems 
	Crosscutting Concepts:
· Patterns
· Cause and Effect
· Systems and System Models
· Energy and Matter

	GLOBE Application

	Pedosphere Protocols: Introduction and E-Training
· Soil Temperature
· Soil Moisture - SMAP Block Pattern
· Soil pH
· Frost Tube
· Soil Characterization
Data Investigation Sheets:
· Soil Temperature Data Sheet
· Soil Moisture - SMAP Block Pattern Data Sheet
· Frost Tube - Data Sheet
· Soil pH Data Sheet
Elementary GLOBE Storybooks:
· It’s All About Earth
· The Scoop on Soils
	GLOBE Learning Activities: (Activities can be used to support the development of the NGSS performance expectations.)

· Why do We Study Soil? (5-ESS2-1)
· Soil: The Great Decomposer (5-LS2-1)
· Getting to Know the Soil (5-LS2-1, 5-ESS2-1)
· Just Passing Through Beginner Version (5-ESS2-1)
· Earth System in a Bottle (5-ESS2-1)
· We All Need Soil (5-LS1-1, 5-LS2-1, 5-ESS2-1)
· Soil and My Backyard (5-ESS2-1)
· Soil Treasure Hunt (5-ESS2-1)
· From Mud Pies to Bricks (5-ESS2-1)
	[bookmark: _gjdgxs]Guiding Question(s):
1. What is soil’s role in decomposition?

2. What role does soil play in the Earth system?

3. How is matter moved in and out of soil?

4. How do living things rely on soil?




	NASA Resources

	NASA Learning Activities:
· Earth Systems Connections: Plants to Soil
· Earth Systems Connections: Hold on Tight, 2-4
· Earth Systems Connections: Playground Pounding
· ESSEA K-4 Climate: Land:  The Dirt on Dirt and Climate
· NASA Moon Munchies:  Natural Resources on Earth
· Create Your Own Soil Profile Activity Grades​​​​​​​ 3-8​​​​​​​
· NASA’s Our World: Dirt
	My NASA Data Visualization Tool:
· Earth System Data Explorer
· Tutorials
My NASA Data Science Variable Suggestions:
· Soil Moisture: Monthly Mean Soil Moisture (millimeters)
· Soil Temperature:
· Daytime Skin Temperature (degrees Celsius)
· Nighttime Skin Temperature (degrees Celsius)
· Land Cover Classification:  
·  Surface Scene Type/Soil Characterization
	My NASA Data Lessons/Activities: 
· Data Literacy Cube: Intermediate Graph Data using Soil Moisture Data, Grades 3-8

Multimedia Links:
· NASA's Earth Minute: Dishing the Dirt 
· NASA eClips Our World: What is Soil?



Pedosphere
Grades 6-8: Building on concepts developed in grades 3-5 that examined soil characteristics and its interactions among the spheres of the Earth System, students will explore the role of soil in the transfer of matter and energy in the Earth system and its effects over time. By incorporating GLOBE and My NASA Data, educators provide students with the ability to collect data and access satellite data to answer their own questions related to Earth System interactions that affect soil in their communities.   
	Performance Expectations Supported:
· MS-LS2-3: Develop a model to describe the cycling of matter and flow of energy among living and nonliving parts of an ecosystem.
· MS-ESS2-2: Construct an explanation based on evidence for how geoscience processes have changed Earth’s surface at various time and spatial scales.
· MS-ESS3-1: Construct a scientific explanation based on evidence for how the uneven distribution of Earth's’ mineral, energy, and groundwater resources are the result of past and current geoscience processes.
· MS-PS3-4: Plan an investigation to determine the relationships among the energy transferred, the type of matter, the mass, and the change in the average kinetic energy of the particles as measured by the temperature of the sample.

	Science Practices:
· Asking Questions and Defining Problems
· Developing and Using Models
· Analyzing and Interpreting Data

	Disciplinary Core Idea:
· LS2.B Cycles of Matter and Energy Transfer in Ecosystems
· ESS2.A Earth’s Materials and Systems
· ESS3.A Earth’s Materials and Systems
· PS3.B Conservation of Energy and Energy Transfer
	Crosscutting Concepts:
· Patterns
· Cause and Effect
· Systems and System Models


	GLOBE Application

	Pedosphere Protocols: Introduction and E-Training
· Bulk Density
· Soil Moisture - SMAP Block Pattern
· Soil Infiltration
· Frost Tube
· Soil Characterization
Data Investigation Sheets:
· Bulk Density Data Sheet
· Soil Moisture - SMAP Block Pattern Data Sheet
· Soil Infiltration Data Sheet
	GLOBE Learning Activities: (Learning activities can be used to support performance expectations 
· A Field View of Soil - Digging Around (MS-ESS3-1)
· Making a Contour Map (MS-ESS3-1)
· Soil Makers (MS-ESS2-2, MS-ESS3-A)
· Soils as Sponges: How Much Water Does Soil Hold? (MS-ESS2-2, MS-ESS3-1)
· Just Passing Through (MS-ESS2-2)
· Land, Water, and Air (MS-PS3-4)
· Soil: The Great Decomposer (MS-LS2-3)
	Guiding Question(s): How does soil change over space and time?
1. How is matter moved in and out of soil?

2. What role does soil play in the Earth system?

3. How are soil and decomposition?

4. How do living things rely on soil?


	NASA Resources

	NASA Learning Activities:
· Soil Moisture - Dirt to Dinner, Grades 6-8
· Water in the Geosphere, Grades 6-8
· Freeze/Thaw - The Breathing Boreal Forest, Grades 6-8
· Draw Your Own Visualization Learning Activity
My NASA Data: STEM Career Connections
· SCIENCE: Soil Scientist
· TECHNOLOGY: Soil Conservation Technician
· ENGINEERING: Geotechnical Engineer
· MATHEMATICS: Mathematical Modeler
	My NASA Data Visualization Tool:
· Earth System Data Explorer
· Tutorials
My NASA Data Science Variable Suggestions:
· Soil Moisture: Monthly Mean Soil Moisture (millimeters)
· Soil Temperature:
· Daytime Skin Temperature (degrees Celsius)
· Nighttime Skin Temperature (degrees Celsius)
· Land Cover Classification: Surface Scene Type/Soil Characterization
	My NASA Data Lessons/Activities: 
· Data Literacy Cube: Intermediate Graph Data using Soil Moisture Data, Grades 3-8
· Behavior Over Time: Analyzing Seasonal Soil and Air Properties, Grades 6-12
Multimedia Links:
· NASA's Earth Minute: Dishing the Dirt 
· NASA’s eClips Real World: What Is Soil Moisture?




Pedosphere
Grades 9-12: Building on concepts developed in grades 6-8 that explored the role of soil in the transfer of matter and energy in the Earth system and its short and long-term effects, students will explain the role of soil in the carbon cycle and use evidence to support conclusions. By incorporating GLOBE and My NASA Data, educators provide students with the ability to collect data and access satellite data to answer their own questions related to Earth System interactions that affect local soils.   
	Performance Expectations Supported:
· 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.
· HS-ESS2-6: Develop a quantitative model to describe the cycling of carbon among the hydrosphere, atmosphere, geosphere, and biosphere.

	Science Practices:
· Asking Questions and Defining Problems
· Developing and Using Models
· Analyzing and Interpreting Data

	Disciplinary Core Idea:
· ESS2.A Earth Materials and Systems
· ESS2.D Weather and Climate
· ESS2.D Weather and Climate
	Crosscutting Concepts:
· Patterns
· Cause and Effect
· Systems and System Models


	GLOBE Application

	Pedosphere Protocols: Introduction and E-Training
· Soil Moisture - SMAP Block Pattern
· Soil Characterization
· Soil Fertility
· Soil Particle Density
· Soil Particle Size Distribution
Data Investigation Sheets:
· Soil Moisture - SMAP Block Pattern Data Sheet
· Soil Fertility Data Sheet
· Soil Particle Density Data Sheet
· Soil Particle Size and Distribution Data Sheet

	GLOBE Learning Activities: (Learning activities can be used to support the NGSS Performance Expectations.)
· Using Graphs to Show Connections (HS-ESS2-2)
· GLOBE Carbon Cycle Introductory Activities Flowchart (HS-ESS2-6)
· Paper Clip Simulation A Simple System (HS-ESS2-6)
· Carbon Cycle Adventure Story (HS-ESS2-6)
· Getting to Know Global Carbon (HS-ESS2-6)
· Land, Water, and Air (HS-ESS2-2)
	Guiding Question(s):
1. What role does soil play in the carbon cycle?

2. What effect does soil have on Earth’s energy budget?

3. How are soils and humans inextricably interconnected?

	NASA Resources

	NASA Learning Activities:
· GLOBE Learning Activity: The Data Game
· GLOBE Learning Activity: Land, Water, and Air
· NASA’s Soil Moisture Quiz

My NASA Data: STEM Career Connections
· SCIENCE: Soil Scientist
· TECHNOLOGY: Soil Conservation Technician
· ENGINEERING: Geotechnical Engineer
· MATHEMATICS: Mathematical Modeler
	My NASA Data Visualization Tool:
· Earth System Data Explorer
· Tutorials
My NASA Data Science Variable Suggestions:
Soil Moisture: Monthly Mean Soil Moisture (millimeters)
Soil Temperature:
· Daytime Skin Temperature (degrees Celsius)
· Nighttime Skin Temperature (degrees Celsius)
Atmospheric Chemistry: 
· Monthly Air Column Concentration of CO
· Monthly Concentration of CO2 in Troposphere
	My NASA Data Lessons/Activities: 
· Data Literacy Cube: Intermediate Graph Data using Soil Moisture Data
· Behavior Over Time: Analyzing Seasonal Soil and Air Properties
Multimedia Links:
· NASA The Carbon Cycle 
· Climate Time Machine - NASA Climate Change
· NASA’s eClips Launchpad: What is Soil Moisture?
· NASA's Earth Minute: Dishing the Dirt 
· NASA's SMAP: Mapping the Water Under Our Feet
· NASA’s Eyes on the Earth: Vital Signs of the Planet
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