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	OCEAN COUNTY ENVIRONMENTAL SCIENCE CURRICULUM 
UNIT 1 - Introduction to Environmental Science

	Content Area:  Environmental Science

	Unit Title:  Introduction to Environmental Science

	Target Course/Grade Level: 9-12

	Unit Summary 

Students will gain an understanding as to how Environmental Science is an interdisciplinary science and study how humans interact with the living and nonliving parts of the environment.  Students will demonstrate an understanding of how the environment is everything around us and we interact in a complex web of relationships that connect us to one another and the world we live in.  Students demonstrate their understanding through critical readings, conducting investigations, and making connections between human needs and the Earth life support systems.



	Primary interdisciplinary connections:

Infused within the unit are connections to the 2016 NJ Learning Standards for Mathematics, Language Arts Literacy and Technology. 

	21st Century Themes:

The unit will integrate the 21st Century Life and Career strand 9.1 strands A-D. These strands include: Critical thinking and problem solving, creativity and innovation, collaboration, teamwork and leadership, and cross cultural understanding and interpersonal communication. 
Technology connections:

For further clarification, refer to NGSS. 

	Learning Targets

	Content Standards

CONTENT STANDARDS LINK: 

	CPI #
	 Cumulative Progress Indicator (CPI)

	RST.9-10.7
	Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.

	RST.11-12.1
	Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

	WHST.9-12.2
	Write informative/explanatory texts, including, the narration of historical events, scientific procedures/experiments, or technical processes.

	WHST.9-12.5
	Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience.

	WHST.9-12.7
	Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

	WHST.11-12.8
	Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and over-reliance on any one source and following a standard format for citation.

	WHST.9-12.9
	Draw evidence from information texts to support analysis, reflection, and research.

	HSN-Q.A.1
	Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

	HSN-Q.A.2


	Define appropriate quantities for the purpose of descriptive modeling. 



	HSN-Q.A.3
	Define appropriate quantities for the purpose of descriptive modeling.

	MP.2


	Reason abstractly and quantitatively.



	MP.4


	Model with mathematics



	DCI#
	Disciplinary Core Ideas

	ESS3.A

	Natural Resources - Resource availability has guided the development of human society. (HS-ESS3-1)  All forms of energy production and other resource extraction have associated economic, social, environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of these factors. (HS-ESS3-2)



	ESS3.B

	Natural Hazards - Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations. (HS-ESS3-1)



	ESS3.C

	Human Impacts on Earth Systems - The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources. (HS-ESS3-3)  Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation. (HS-ESS3-4)



	
	Connections to other DCIs in this grade-band: 
For further clarification, refer to NGSS.


	
	Articulation of DCIs across grade-bands: 
For further clarification, refer to NGSS.



	Unit Essential Questions

· What are the Earth’s relative life support systems and how are we dependent on them?
· How is environmental science an interdisciplinary science?

· How is the availability of natural resources being influenced by human activity?

· How do we interact with the environment?
· What general problems are being created by our interactions with the environment?

· What is sustainability and how is it important to environmental science?

· What is an Ecological Footprint?
	Unit Enduring Understandings

Students will understand that…

· Earth is a system that is comprised of many components acting together.

· Many disciplines of science are necessary to successfully study and manage our environment.

· Earths resources are being degraded due to human interactions with the environment.

· Humans have altered Earth’s environment in several ways throughout human history.



	Unit Objectives

Students will know…
· Vocabulary and key terms
· The major fields of study that contribute to environmental science.
· The earth has components and systems similar to that of a human. 

· That Earth’s systems are interdependent and all life depends on and contributes to them.

· The environment is comprised of interdependent systems: geosphere, atmosphere, hydrosphere, and biosphere

· The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources.
·  Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation. 

	Unit Objectives

Students will be able to…
· Identify the elements that are essential to life.
· Distinguish between renewable and nonrenewable resourses.
· Construct an explanation based on evidence for how the availability of natural resources, and how the occurance of natural hazards are connected to human activity.

· Use a computational representation to illustrate the relationship among Earth systems and how those relationships are being modified due to human activity.

· Illustrate how Earth’s interacting systems cause feedback effects on other Earth systems.




Related NGSS Performance Expectations
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of naturalhazards, and changes in climate have influenced human activity. [Clarification Statement: Examples of key natural resourcesinclude access to fresh water (such as rivers, lakes, and groundwater), regions of fertile soils such as river deltas, and high concentrations of minerals and fossilfuels. Examples of natural hazards can be from interior processes (such as volcanic eruptions and earthquakes), surface processes (such as tsunamis, masswasting and soil erosion), and severe weather (such as hurricanes, floods, and droughts). Examples of the results of changes in climate that can affectpopulations or drive mass migrations include changes to sea level, regional patterns of temperature and precipitation, and the types of crops and livestock that
can be raised.] 

HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios.  [Clarification Statement: Emphasis is on the conservation, recycling, and reuse of resources (such as minerals and metals) where possible, and on minimizing impacts where it is not. Examples include developing best practices for agricultural soil use, mining (for coal, tar sands, and oil shales), and pumping (for petroleum and natural gas). Science knowledge indicates what can happen in natural systems—not what should happen.]

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.[Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).]
HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity. [Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: Assessment does not include running computational representations but is limited to using the published results of scientific computational models.]
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Evidence of Learning

	Formative Assessments

Observation

Homework

Class participation

Writing assessments

Do-Now

Lab reports

Notebooks

Quizzes

	Summative Assessments

Chapter/Unit Tests

Presentations/Projects

Laboratory Practicals 

Quarterly exams 

Midterms/Finals

	Modifications (ELLs, Special Education, Gifted and Talented)

Differentiated instruction 

Tiered assessments 

Follow all IEP and 504 plans for modifications

	Curriculum Development Resources/Instructional Materials/Equipment Needed Teacher Resources:

Laboratory manuals and equipment

Textbooks/Resource Binders

Internet

Videos 

	Teacher Notes:

Lecture/class discussion 

Labs

Study guides 

Create posters/PowerPoint presentations


	OCEAN COUNTY ENVIRONMENTAL SCIENCE CURRICULUM 
UNIT 2 - Ecology

	Content Area:  Environmental Science

	Unit Title:  Ecology

	Target Course/Grade Level: 9-12

	Unit Summary 

High school students can relate the nature of science to how explanations may change in light of new evidence as well as the implications for our understanding of the tentative nature of science. Matter can be understood in terms of the types of atoms present and the interactions both between and within them. Atomic structure is the foundation for understanding matter and its interactions. Students understand organisms’ interactions with each other and their physical environment, how organisms obtain resources, change the environment, and how these changes affect both organisms and ecosystems. In addition, students demonstrate an ability to investigate the role of biodiversity in ecosystems and the role of animal behavior on survival of individuals and species. Students have increased understanding of interactions among organisms and how those interactions influence the dynamics of ecosystems. Students can generate mathematical comparisons, conduct investigations, use models, and apply scientific reasoning to link evidence to explanations about interactions and changes within ecosystems. 



	Primary interdisciplinary connections:

Infused within the unit are connections to the 2016 NJ Learning Standards for Mathematics, Language Arts Literacy and Technology. 

	21st Century Themes:

The unit will integrate the 21st Century Life and Career strand 9.1 strands A-D. These strands include: Critical thinking and problem solving, creativity and innovation, collaboration, teamwork and leadership, and cross cultural understanding and interpersonal communication. 
Technology connections:

For further clarification, refer to NGSS. 

	Learning Targets

	Content Standards

CONTENT STANDARDS LINK: 

	CPI #
	 Cumulative Progress Indicator (CPI)

	RST.9-10.7
	Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.

	RST.11-12.1
	Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

	WHST.9-12.2
	Write informative/explanatory texts, including, the narration of historical events, scientific procedures/experiments, or technical processes.

	WHST.9-12.5
	Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience.

	WHST.9-12.7
	Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

	WHST.11-12.8
	Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and over-reliance on any one source and following a standard format for citation.

	WHST.9-12.9
	Draw evidence from information texts to support analysis, reflection, and research.

	HSN-Q.A.1
	Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

	HSN-Q.A.2


	Define appropriate quantities for the purpose of descriptive modeling. 



	HSN-Q.A.3
	Define appropriate quantities for the purpose of descriptive modeling.

	MP.2


	Reason abstractly and quantitatively.



	MP.4


	Model with mathematics



	DCI#
	Disciplinary Core Ideas

	ESS3.A

	Natural Resources - Resource availability has guided the development of human society. (HS-ESS3-1)  All forms of energy production and other resource extraction have associated economic, social, environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of these factors. (HS-ESS3-2)



	ESS3.B


	Natural Hazards - Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations. (HS-ESS3-1)



	ESS3.C


	Human Impacts on Earth Systems - The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources. (HS-ESS3-3)  Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation. (HS-ESS3-4)



	LS2.A


	Interdependent Relationships in Ecosystems - Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they can support. These limits result from such factors as the availability of living and nonliving resources and from such challenges such as predation, competition, and disease. Organisms would have the capacity to produce populations of great size were it not for the fact that environments and resources are finite. This fundamental tension affects the abundance (number of individuals) of species in any given ecosystem. (HS-LS2-1),(HSLS2-2)



	LS2.B


	Cycles of Matter and Energy Transfer in Ecosystems - Photosynthesis and cellular respiration (including anaerobic processes) provide most of the energy for life processes. (HS-LS2-3) 
Plants or algae form the lowest level of the food web. At each link upward in a food web, only a small fraction of the matter consumed at the lower level is transferred upward, to produce growth and release energy in cellular respiration at the higher level. Given this inefficiency, there are generally fewer organisms at higher levels of a food web. Some matter reacts to release energy for life functions, some matter is stored in newly made structures, and much is discarded. The chemical elements that make up the molecules of organisms pass through food webs and into and out of the atmosphere and soil, and they are combined and recombined in different ways. At each link in an ecosystem, matter and energy are conserved. (HS-LS2-4) 
Photosynthesis and cellular respiration are important components of the carbon cycle, in which carbon is exchanged among the biosphere, atmosphere, oceans, and geosphere through chemical, physical, geological, and biological processes. (HS-LS2-5)



	LS2.C


	Ecosystem Dynamics, Functioning, and Resilience - A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively constant over long periods of time under stable conditions. If a modest biological or physical disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any population, however, can challenge the functioning of ecosystems in terms of resources and habitat availability. (HS-LS2-2),(HS-LS2-6)
Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an ecosystem and threaten the survival of some species. (HS-LS2-7)



	PS3.D


	Energy in Chemical Processes - The main way that solar energy is captured and stored on Earth is through the complex chemical process known as photosynthesis. (secondary to HS-LS2-5)



	
	Connections to other DCIs in this grade-band: 
For further clarification, refer to NGSS.


	
	Articulation of DCIs across grade-bands: 
For further clarification, refer to NGSS.



	Unit Essential Questions

· What is an ecosystem?

· What is the difference between biotic and abiotic factors?

· What are the components of  an ecosystem?

· Why is an organism’s habitat important for that organism?

· How is natural selection related to evolution?

· How does an organism’s adaptations insure its survival?

· How is artificial selection different from natural selection?

· How have humans affected the evolution of some species?

· How have humans made pests more resistant to pesticides and antibiotics?

·  How are organisms classified?

· How and why do organisms interact with their environment and what are the effects of these interactions?

· How are bacteria and fungi similar? Different?

· How do angiosperms depend on animals and how do animals depend on angiosperms?

· What is the importance of protists in the ocean?

· How are animals classified?

· What happens to ecosystems when the environment changes?  
· How is primary succession different from secondary succession?

· What is the role of pioneer species  in primary succession?

· How are ecosystems related to biomes?

· Why does temperature limit which plants can grow in a certain biome?

· How do latitude and altitude affect the organisms that live in a biome?

· What are the layers of the rain forest?

· What are threats to biomes?
 
	Unit Enduring Understandings

Students will understand that…
· Ecosystems are composed of many interconnected parts that often interact in complex ways

· An ecosystem is all the different organisms living in an area as well as the physical environment

· Organisms live as populations of one species in communities with other species, each having its own habitat.

· Charles Darwin used the term natural selection to describe the survival and reproduction of organisms with particular traits

· Natural Selection is responsible for evolution

· Humans cause evolution by artificial selection

· Humans  have unintentionally  selected for pests that are resistant to pesticides and for bacteria that are resistant to antibiotics

· Organisms can be divided into six kingdoms, each with their own characteristics and are distinguished by the types of cells they possess and how they obtain food

· Bacteria and Fungi are important in recycling nutrients

· After a disturbance, organisms in an environment follow a pattern of change over time, known as ecological succession

· Primary succession occurs on a surface where no ecosystem existed before, whereas secondary succession occurs on a surface where an ecosystem existed before

· Climax communities consist of organisms that take over an ecosystem and remain until the ecosystem is disturbed again

· Scientists classify ecosystems into large areas called biomes

· Biomes are describe by their vegetation because specific climate conditions support the growth of specific types of vegetation

· Climate determines which plants can grow in an area. Latitude and altitude affect climate in similar ways

· Tropical rain forests have high rainfall and temperature, and they are the most diverse of all biomes

· Temperate forests  experience seasonal variations in precipitation and temperature and have vegetation that is adapted to these changes

· Forest biomes are threatened by deforestation.

· Savannas are located  north and south of tropical rain forests and have distinct wet and dry seasons

· Temperate grasslands get too little rain to support trees and are dominated by grasses and flowering plants

· Deserts are the driest biomes on Earth

· Plants and animals are adapted to the biome in which they live



	Unit Objectives

Students will know…

· How organisms interact with biotic and abiotic factors in their environment 
· How a population differs from a species

· How habitats are important for organisms

· The process of Evolution by natural selection

· The concept of adaptation

· The steps by which a population can become resistant to pesticides

· How to classify organisms according to their characteristics

· The importance of organisms in the environment

· The stages of the two types of ecological succession

· How a pioneer species contributes to ecological succession

· What happens during old-field succession

· How lichens contribute to primary succession

· Why vegetation is used to name a biome

· How temperature  and precipitation determine which plants grow in an area

· How latitude and altitude affect which plants grow in an area

· The characteristics, plants, and animals that define each biome

· The human threats to biomes
	Unit Objectives

Students will be able to…
· Explain that the process of science attempts to find explanations using evidence for events in the natural world, and to use those explanations to make useful predictions. 

· Describe the components of an ecosystem

· Explain how natural selection is related to evolution

· Describe how humans have changed species through artificial selection.

· Differentiate primary and secondary succession

· Explain the role of pioneer species 

· Describe how a climax community forms 

· Describe human activities that affect the biosphere, ways to decrease this disturbance and how ecosystems may or may not recover from a disturbance.
· Explain how vegetation defines a biome

·  Describe the effects of climate on vegetation

· Explain how latitude and altitude determine vegetation

· Explain how vegetation determines the other organisms that live in the biome

· List and describe human impact on biomes



Related NGSS Performance Expectations
HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions. [Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic respiration in different environments.] [Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic or anaerobic respiration.] 

HS-LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of energy among organisms in an ecosystem. [Clarification Statement: Emphasis is on using a mathematical model of stored energy in biomass to describe the transfer of energy from one trophic level to another and that matter and energy are conserved as matter cycles and energy flows through ecosystems. Emphasis is on atoms and molecules such as carbon, oxygen, hydrogen and nitrogen being conserved as they move through an ecosystem.] [Assessment Boundary: Assessment is limited to proportional reasoning to describe the cycling of matter and flow of energy.] 

HS-LS2-5. Develop a model to illustrate the role of photosynthesis and cellular respiration in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere. [Clarification Statement: Examples of models could include simulations and mathematical models.] [Assessment Boundary: Assessment does not include the specific chemical steps of photosynthesis and respiration.] 

HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem. [Clarification Statement: Examples of changes in ecosystem conditions could include modest biological or physical changes, such as moderate hunting or a seasonal flood; and extreme changes, such as volcanic eruption or sea level rise.] 
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.* [Clarification Statement: Examples of human activities can include urbanization, building dams, and dissemination of invasive species.]
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	OCEAN COUNTY ENVIRONMENTAL SCIENCE CURRICULUM 

UNIT 3 - POPULATIONS

	Content Area:  Environmental Science

	Unit Title:  Populations

	Target Course/Grade Level:  9-12

	Unit Summary 

The student will use physical, chemical, biological, and ecological concepts to analyze and explain the interdependence of humans and organisms in populations, communities and ecosystems. 

Students will explore the properties of populations, how populations increase or decrease in response to their environment, and how populations of different species interact.  Additionally students will investigate human population growth and demographics, as well as the relative environmental problems that come with it.  Populations will then be linked to biodiversity on Earth and its importance in environmental sustainability and our future.



	Primary interdisciplinary connections:

Infused within the unit are connections to the 2016 NJ Learning Standards for Mathematics, Language Arts Literacy and Technology. 

	21st Century Themes:

The unit will integrate the 21st Century Life and Career strand 9.1 strands A-D. These strands include: Critical thinking and problem solving, creativity and innovation, collaboration, teamwork and leadership, and cross cultural understanding and interpersonal communication. 

Technology connections:

For further clarification, refer to NGSS.

	Learning Targets

	Content Standards

CONTENT STANDARDS LINK: 

	CPI #
	 Cumulative Progress Indicator (CPI)

	RST.9-10.7
	Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.

	RST.11-12.1
	Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

	WHST.9-12.2
	Write informative/explanatory texts, including, the narration of historical events, scientific procedures/experiments, or technical processes.

	WHST.9-12.5
	Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience.

	WHST.9-12.7
	Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

	WHST.11-12.8
	Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and over-reliance on any one source and following a standard format for citation.

	WHST.9-12.9
	Draw evidence from information texts to support analysis, reflection, and research.

	HSN-Q.A.1
	Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

	HSN-Q.A.2


	Define appropriate quantities for the purpose of descriptive modeling. 



	HSN-Q.A.3
	Define appropriate quantities for the purpose of descriptive modeling.

	MP.2


	Reason abstractly and quantitatively.

	MP.4


	Model with mathematics



	DCI#
	Disciplinary Core Ideas

	LS2.A


	Interdependent Relationships in Ecosystems - Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they can support. These limits result from such factors as the availability of living and nonliving resources and from such challenges such as predation, competition, and disease. Organisms would have the capacity to produce populations of great size were it not for the fact that environments and resources are finite. This fundamental tension affects the abundance (number of individuals) of species in any given ecosystem. (HS-LS2-1),(HSLS2-2)



	LS2.C


	Ecosystem Dynamics, Functioning, and Resilience - A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively constant over long periods of time under stable conditions. If a modest biological or physical disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any population, however, can challenge the functioning of ecosystems in terms of resources and habitat availability. (HS-LS2-2),(HS-LS2-6)
Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an ecosystem and threaten the survival of some species. (HS-LS2-7)



	LS2.D


	Social Interactions and Group Behavior - Group behavior has evolved because membership can increase the chances of survival for individuals and their genetic relatives. (HSLS2-8)



	LS4.D


	Biodiversity and Humans  - Biodiversity is increased by the formation of new species (speciation) and decreased by the loss of species (extinction). (secondary to HSLS2-7) 
 Humans depend on the living world for the resources and other benefits provided by biodiversity. But human activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so that ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational value. (secondary to HS-LS2-7) (Note: This Disciplinary Core Idea is also addressed by HS-LS4-6.)



	ETS1.B


	Developing Possible Solutions - When evaluating solutions it is important to take into account a range of constraints including cost, safety, reliability and aesthetics and to consider social, cultural and environmental impacts. (secondary to HS-LS2-7)


	ESS3.A


	Natural Resources - Resource availability has guided the development of human society. (HS-ESS3-1) 
 All forms of energy production and other resource extraction have associated economic, social, environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of these factors. (HS-ESS3-2)



	ESS3.C


	Human Impacts on Earth Systems - The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources. (HS-ESS3-3) 
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation. (HS-ESS3-4)


	
	Connections to other DCIs in this grade-band: 
For further clarification, refer to NGSS.


	
	Articulation of DCIs across grade-bands: 
For further clarification, refer to NGSS.


	Unit Essential Questions
· What are the main properties of a population and how do they change or affect a population?

· What are the five major types of species interactions and how do they affect population size?

· What is the carrying capacity of a population and how does in change with environmental conditions?

· How does rapid human population growth affect our environment?

· How do population growth problems differ in more-developed and less-developed countries?

· Why is biodiversity on Earth important to the health of our ecosystems and the organisms within them?

· What is a keystone species?

· Which types of threats are having the largest impact on biodiversity?

· What is the Endangered species act and how has it affected species loss in the United States and around the world?


	Unit Enduring Understandings

Students will understand that…

· Populations can grow at different rates.
· There are natural limits to population growth.
· The interactions and interdependence of organisms in ecosystems are both cooperative and competitive.
· Increased human population growth has resulted in environmental stress on the environment.
· Population and carrying capacity of all species will be an important factor in preserving the environmental integrity of our Earth.
· Different countries are at different stages of demographic transition.
· Loss of biodiversity on Earth will result in a loss of ecosystem stability and in turn will cause increased environmental stress.
· Protecting entire ecosystems can be a more effective way of protecting individual species.
· The most common cause of extinction today is the destruction of habitats by humans.
· The desire to protect biodiversity often conflicts with other human interests.

	Unit Objectives

Students will know…

· Vocabulary and key terms

· The main properties of populations and exponential growth.

· How population sizes in nature are regulated as a result of environmental factors.

· How, in the past century, agricultural technology led to a huge shift of population from farms to cities and a great change in how

    people live and work.
· How scientists predict population sizes.

· How to make predictions about population trends based on age structure.

· Human population growth has accelerated in the last few centuries as a result of improvements in hygiene and increases in food production, which accompanied the industrial and scientific revolutions.

· International cooperation has led to increased recognition and protection of biodiversity worldwide.
	Unit Objectives

Students will be able to…
· Discuss the factors that limit population size, such as availability of food, light, space, populations, predators and prey, competitors, disease.
· Investigate and communicate findings about factors that may affect the size and rate of human population growth
· Describe how the reproductive behavior of individuals can affect the growth rate of their population.
· Demonstrate that competition between two species may lead to the elimination of one species or to the partitioning of resources.
· Describe the four stages of demographic transition.
· Describe worldwide population projections into the next century
· Define and give examples of endangered and threatened species.


Related NGSS Performance Expectations
HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem. [Clarification Statement: Examples of changes in ecosystem conditions could include modest biological or physical changes, such as moderate hunting or a seasonal flood; and extreme changes, such as volcanic eruption or sea level rise.] 
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.* [Clarification Statement: Examples of human activities can include urbanization, building dams, and dissemination of invasive species.] 

HS-LS2-8. Evaluate the evidence for the role of group behavior on individual and species’ chances to survive and reproduce. [Clarification Statement: Emphasis is on: (1) distinguishing between group and individual behavior, (2) identifying evidence supporting the outcomes of group behavior, and (3) developing logical and reasonable arguments based on evidence. Examples of group behaviors could include flocking, schooling, herding, and cooperative behaviors such as hunting, migrating, and swarming.]
HS-ESS3-3. Create a computational simulation to illustrate the relationships among management of natural resources, the sustainability of human populations, and biodiversity. [Clarification Statement: Examples of factors that affect the management of natural resources include costs of resource extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that affect human sustainability include agricultural efficiency, levels of conservation, and urban planning.] [Assessment Boundary: Assessment for computational simulations is limited to using provided multi-parameter programs or constructing simplified spreadsheet calculations.] 
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.* [Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).]

HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity. [Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: Assessment does not include running computational representations but is limited to using the published results of scientific computational models.]
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UNIT  4 – Energy, Resources and Consumption

	Content Area:  Environmental Science

	Unit Title:  Energy, Resources and Consumption

	Target Course/Grade Level:  9-12

	Unit Summary 

High school students can construct explanations for the role of energy in the cycling of matter in organisms and relate the nature of science to how explanations may change in light of new evidence as well as the implications for our understanding of the tentative nature of science. Students understand organisms’ interactions with each other and their physical environment, how organisms obtain resources, change the environment, and how these changes affect both organisms and ecosystems. In addition, students demonstrate an ability to investigate the role of biodiversity in ecosystems and the role of animal behavior on survival of individuals and species. Students have increased understanding of interactions among organisms and how those interactions influence the dynamics of ecosystems. Students can generate mathematical comparisons, conduct investigations, use models, and apply scientific reasoning to link evidence to explanations about interactions and changes within ecosystems.



	Primary interdisciplinary connections:

Infused within the unit are connections to the 2016 NJ Learning Standards for Mathematics, Language Arts Literacy and Technology. 

	21st Century Themes:

The unit will integrate the 21st Century Life and Career strand 9.1 strands A-D. These strands include: Critical thinking and problem solving, creativity and innovation, collaboration, teamwork and leadership, and cross cultural understanding and interpersonal communication. 

Technology connections:

For further clarification, refer to NGSS.

	Learning Targets

	Content Standards

CONTENT STANDARDS LINK: 

	CPI #
	 Cumulative Progress Indicator (CPI)

	RST.9-10.7
	Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.

	RST.11-12.1
	Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

	WHST.9-12.2
	Write informative/explanatory texts, including, the narration of historical events, scientific procedures/experiments, or technical processes.

	WHST.9-12.5
	Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience.

	WHST.9-12.7
	Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

	WHST.11-12.8
	Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and over-reliance on any one source and following a standard format for citation.

	WHST.9-12.9
	Draw evidence from information texts to support analysis, reflection, and research.

	HSN-Q.A.1
	Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

	HSN-Q.A.2


	Define appropriate quantities for the purpose of descriptive modeling. 



	HSN-Q.A.3
	Define appropriate quantities for the purpose of descriptive modeling.

	MP.2


	Reason abstractly and quantitatively.

	MP.4


	Model with mathematics



	DCI#
	Disciplinary Core Ideas

	LS2.B


	Cycles of Matter and Energy Transfer in Ecosystems  - Photosynthesis and cellular respiration (including anaerobic processes) provide most of the energy for life processes. (HS-LS2-3) 
Plants or algae form the lowest level of the food web. At each link upward in a food web, only a small fraction of the matter consumed at the lower level is transferred upward, to produce growth and release energy in cellular respiration at the higher level. Given this inefficiency, there are generally fewer organisms at higher levels of a food web. Some matter reacts to release energy for life functions, some matter is stored in newly made structures, and much is discarded. The chemical elements that make up the molecules of organisms pass through food webs and into and out of the atmosphere and soil, and they are combined and recombined in different ways. At each link in an ecosystem, matter and energy are conserved. (HS-LS2-4) 
Photosynthesis and cellular respiration are important components of the carbon cycle, in which carbon is exchanged among the biosphere, atmosphere, oceans, and geosphere through chemical, physical, geological, and biological processes. (HS-LS2-5)



	PS3.D


	Energy in Chemical Processes - The main way that solar energy is captured and stored on Earth is through the complex chemical process known as photosynthesis. (secondary to HS-LS2-5)



	PS3.B


	Conservation of Energy and Energy Transfer  Conservation of energy means that the total change of energy in any system is always equal to the total energy transferred into or out of the system. (HS-PS3-1) 
Energy cannot be created or destroyed, but it can be transported from one place to another and transferred between systems. (HS-PS3-1),(HS-PS3-4) 
Mathematical expressions, which quantify how the stored energy in a system depends on its configuration (e.g. relative positions of charged particles, compression of a spring) and how kinetic energy depends on mass and speed, allow the concept of conservation of energy to be used to predict and describe system behavior. (HS-PS3-1) 
The availability of energy limits what can occur in any system. (HS-PS3-1) 
Uncontrolled systems always evolve toward more stable states— that is, toward more uniform energy distribution (e.g., water flows downhill, objects hotter than their surrounding environment cool down). (HS-PS3-4



	ETS1.A


	Defining and Delimiting Engineering Problems - Criteria and constraints also include satisfying any requirements set by society, such as taking issues of risk mitigation into account, and they should be quantified to the extent possible and stated in such a way that one can tell if a given design meets them. (secondary to HS-PS3-3)



	ESS3.A


	Natural Resources - Resource availability has guided the development of human society. (HS-ESS3-1) 
 All forms of energy production and other resource extraction have associated economic, social, environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of these factors. (HS-ESS3-2)



	ESS3.C


	Human Impacts on Earth Systems - The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources. (HS-ESS3-3) 
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation. (HS-ESS3-4)


	ETS1.B


	Developing Possible Solutions - When evaluating solutions it is important to take into account a range of constraints including cost, safety, reliability and aesthetics and to consider social, cultural and environmental impacts. (secondary to HS-LS2-7)



	
	Connections to other DCIs in this grade-band: 
For further clarification, refer to NGSS.


	
	Articulation of DCIs across grade-bands: 
For further clarification, refer to NGSS.


	Unit Essential Questions
· How and why do organisms interact with their environment and what are the effects of these interactions? 

· How do organisms interact with the living and nonliving environments to obtain matter and energy? 
· How do organisms interact in groups so as to benefit individuals?    
· Engaging in Argument from Evidence

· Make and defend a claim based on evidence about the natural world that reflects scientific knowledge, and student-generated evidence.

	Unit Enduring Understandings

Students will understand that…

· The process of photosynthesis converts light energy to stored chemical energy by converting carbon dioxide plus water into sugars plus released oxygen

· As a result of these chemical reactions, energy is transferred from one system of interacting molecules to another.  

· Cellular respiration is a chemical process in which the bonds of food molecules and oxygen molecules are broken and new compounds are formed that can transport energy to muscles.  

· Cellular respiration also releases the energy needed to maintain body temperature despite ongoing energy transfer to the surrounding environment.
· Photosynthesis and cellular respiration - including anaerobic processes- provide most of the energy for life processes

· Some matter reacts to release energy for life functions, some matter is stored in newly made structures, and much is discarded.  The chemical elements that make up the molecules of organisms pass through food webs and into and out of the atmosphere and soil, and they are combined and recombined in different ways.  

· Photosynthesis and cellular respiration are important components of the carbon cycle, in which carbon is exchanged among the biosphere, atmosphere, oceans, and biosphere through chemical, physical, geological and biological processes

· The main way that solar energy is captured and stored on Earth is through a complex chemical process known as photosynthesis

	Unit Objectives

Students will know…

· Describe how energy is transferred from the sun to producers and then to consumers

· Describe one way in which consumers depend on producers 
· List two types of consumers

· Explain how energy transfer in food web is more complex than energy transfer in a food chain

· Explain why an energy pyramid is a representation of trophic levels

· Analyze and describe how the process of photosynthesis provides a vital connection between the sun and the energy needs of living systems.
	Unit Objectives

Students will be able to…
· Energy is transferred from the sun to producers and then to consumers

· How consumers depend on producers

· There are many varieties of consumers

· Why energy transfer in food web is more complex than energy transfer in a food chain

· How the energy pyramid is associated with trophic levels

· The relationship between the sun, photosynthesis, and the energy needs of living systems.


Related NGSS Performance Expectations
HS-PS3-1. Create a computational model to calculate the change in the energy of one component in a system when the change in energy of the other component(s) and energy flows in and out of the system are known. [Clarification Statement: Emphasis is on explaining the meaning of mathematical expressions used in the model.] [Assessment Boundary: Assessment is limited to basic algebraic expressions or computations; to systems of two or three components; and to thermal energy, kinetic energy, and/or the energies in gravitational, magnetic, or electric fields.]
HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy intoanother form of energy.* [Clarification Statement: Emphasis is on both qualitative and quantitative evaluations of devices. Examples of devices couldinclude Rube Goldberg devices, wind turbines, solar cells, solar ovens, and generators. Examples of constraints could include use of renewable energy forms andefficiency.] [Assessment Boundary: Assessment for quantitative evaluations is limited to total output for a given input. Assessment is limited to devices constructed

with materials provided to students.]

HS-PS3-4. Plan and conduct an investigation to provide evidence that the transfer of thermal energy when twocomponents of different temperature are combined within a closed system results in a more uniform energydistribution among the components in the system (second law of thermodynamics). [Clarification Statement: Emphasis ison analyzing data from student investigations and using mathematical thinking to describe the energy changes both quantitatively and conceptually. Examples ofinvestigations could include mixing liquids at different initial temperatures or adding objects at different temperatures to water.] [Assessment Boundary:Assessment is limited to investigations based on materials and tools provided to students.]
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.* [Clarification Statement: Examples of human activities can include urbanization, building dams, and dissemination of invasive species.] 

HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobicand anaerobic conditions. [Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic respiration in differentenvironments.] [Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic or anaerobic respiration.]
HS-LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of energy amongorganisms in an ecosystem. [Clarification Statement: Emphasis is on using a mathematical model of stored energy in biomass to describe the transferof energy from one trophic level to another and that matter and energy are conserved as matter cycles and energy flows through ecosystems. Emphasis is on atoms

and molecules such as carbon, oxygen, hydrogen and nitrogen being conserved as they move through an ecosystem.] [Assessment Boundary: Assessment is limitedto proportional reasoning to describe the cycling of matter and flow of energy.]

HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.* [Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).]

HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity. [Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: Assessment does not include running computational representations but is limited to using the published results of scientific computational models.]
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UNIT 5 – Water, Air, and Land

	Content Area:  Environmental Science

	Unit Title: Water, Air, and Land

	Target Course/Grade Level: 9-12

	Unit Summary 
The water we drink today has been around since water formed on Earth billions of years go. Water is essential to life. The majority of Earth’s water is found in oceans that contain high concentrations of dissolved salts. Fresh water is a limited resource used for drinking and agriculture. Almost all the ways we use water contribute to water pollution.

     Clean air consists mostly of nitrogen and oxygen gases and small amounts of carbon dioxide. When harmful substances build up in the air to unhealthy levels, the result is air pollution. Most air pollution is a result of human activities, but pollutants can also come in natural resources. Acid precipitation, also known as acid rain, has affected thousands of lakes throughout the world.

     Climate is the long-term prevailing weather conditions at a particular place based upon records taken and is determined by a variety of factors. Chemicals called chlorofluorocarbons (CFC’s) damage the ozone layer which acts as a protective shield in the stratosphere. Human activities create rising carbon dioxide levels in the atmosphere which ultimately will affect global climate. Climate change could produce a number of potentially serious environmental problems.

     Urbanization is stressing our resources and environment. Farmland, rangeland, and woodland is being converted into suburbs and cities worldwide.  As a result, conservation efforts to manage overuse of land are being implemented to ensure sustainability of resources. 



	Primary interdisciplinary connections:

Infused within the unit are connections to the 2016 NJ Learning Standards for Mathematics, Language Arts Literacy and Technology. 

	21st Century Themes:

The unit will integrate the 21st Century Life and Career strand 9.1 strands A-D. These strands include: Critical thinking and problem solving, creativity and innovation, collaboration, teamwork and leadership, and cross cultural understanding and interpersonal communication. 

Technology connections:

For further clarification, refer to NGSS.

	Learning Targets

	Content Standards

CONTENT STANDARDS LINK: 

	CPI #
	 Cumulative Progress Indicator (CPI)

	RST.9-10.7
	Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.

	RST.11-12.1
	Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

	WHST.9-12.2
	Write informative/explanatory texts, including, the narration of historical events, scientific procedures/experiments, or technical processes.

	WHST.9-12.5
	Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience.

	WHST.9-12.7
	Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

	WHST.11-12.8
	Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and over-reliance on any one source and following a standard format for citation.

	WHST.9-12.9
	Draw evidence from information texts to support analysis, reflection, and research.

	HSN-Q.A.1
	Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

	HSN-Q.A.2


	Define appropriate quantities for the purpose of descriptive modeling. 



	HSN-Q.A.3
	Define appropriate quantities for the purpose of descriptive modeling.

	MP.2


	Reason abstractly and quantitatively.



	MP.4


	Model with mathematics



	DCI#
	Disciplinary Core Ideas

	ESS3.A
	Natural Resources – Resource availability has guided the development of human society. 
(HS-ESS3-1) 
All forms of energy production and other resource extraction have associated economic, social, environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of these factors. (HS-ESS3-2)



	ESS3.B
	Natural Hazards - Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations. (HS-ESS3-1)



	ESS3.C


	Human Impacts on Earth Systems - The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources. (HS-ESS3-3) 
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation. (HS-ESS3-4)




	ETS1.B


	Developing Possible Solutions - When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (secondary to HS-ESS3-2),(secondary HS-ESS3-4)



	ESS2.D


	Weather and Climate - Current models predict that, although future regional climate changes will be complex and varied, average global temperatures will continue to rise. The outcomes predicted by global climate models strongly depend on the amounts of human-generated greenhouse gases added to the atmosphere each year and by the ways in which these gases are absorbed by the ocean and biosphere. (secondary to HSESS3-6)



	ESS3.D


	Global Climate Change - Though the magnitudes of human impacts are greater than they have ever been, so too are human abilities to model, predict, and manage current and future impacts. (HS-ESS3-5) 
Through computer simulations and other studies, important discoveries are still being made about how the ocean, the atmosphere, and the biosphere interact and are modified in response to human activities. (HS-ESS3-6



	LS2.A


	Interdependent Relationships in Ecosystems - Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations they can support. These limits result from such factors as the availability of living and nonliving resources and from such challenges such as predation, competition, and disease. Organisms would have the capacity to produce populations of great size were it not for the fact that environments and resources are finite. This fundamental tension affects the abundance (number of individuals) of species in any given ecosystem. (HS-LS2-1),(HSLS2-2)



	LS2.B


	Cycles of Matter and Energy Transfer in Ecosystems - Photosynthesis and cellular respiration (including anaerobic processes) provide most of the energy for life processes. (HS-LS2-3) 
Plants or algae form the lowest level of the food web. At each link upward in a food web, only a small fraction of the matter consumed at the lower level is transferred upward, to produce growth and release energy in cellular respiration at the higher level. Given this inefficiency, there are generally fewer organisms at higher levels of a food web. Some matter reacts to release energy for life functions, some matter is stored in newly made structures, and much is discarded. The chemical elements that make up the molecules of organisms pass through food webs and into and out of the atmosphere and soil, and they are combined and recombined in different ways. At each link in an ecosystem, matter and energy are conserved. (HS-LS2-4)  Photosynthesis and cellular respiration are important components of the carbon cycle, in which carbon is exchanged among the biosphere, atmosphere, oceans, and geosphere through chemical, physical, geological, and biological processes. (HS-LS2-5)



	LS2.C


	Ecosystem Dynamics, Functioning, and Resilience - A complex set of interactions within an ecosystem can keep its numbers and types of organisms relatively constant over long periods of time under stable conditions. If a modest biological or physical disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the ecosystem is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in conditions or the size of any population, however, can challenge the functioning of ecosystems in terms of resources and habitat availability. (HS-LS2-2),(HS-LS2-6)
Moreover, anthropogenic changes (induced by human activity) in the environment—including habitat destruction, pollution, introduction of invasive species, overexploitation, and climate change—can disrupt an ecosystem and threaten the survival of some species. (HS-LS2-7)



	LS4.D


	Biodiversity and Humans - Biodiversity is increased by the formation of new species (speciation) and decreased by the loss of species (extinction). (secondary to HSLS2-7) 
Humans depend on the living world for the resources and other benefits provided by biodiversity. But human activity is also having adverse impacts on biodiversity through overpopulation, overexploitation, habitat destruction, pollution, introduction of invasive species, and climate change. Thus sustaining biodiversity so that ecosystem functioning and productivity are maintained is essential to supporting and enhancing life on Earth. Sustaining biodiversity also aids humanity by preserving landscapes of recreational or inspirational value. (secondary to HS-LS2-7) (Note: This Disciplinary Core Idea is also addressed by HS-LS4-6.)



	
	Connections to other DCIs in this grade-band: 
For further clarification, refer to NGSS.


	
	Articulation of DCIs across grade-bands: 
For further clarification, refer to NGSS.


	Unit Essential Questions

· Why is fresh water a limited resource?

· What are two sources of fresh water?

·  How are river systems related to the water shed?

· How is groundwater formed?

· Why are aquifers important?

· Why does pollution in a watershed pose a potential threat to the river system that flows through it?

· How does the amount of water used for industry compare to the amount of water used for agriculture?

· How is water conserved in industry?

· What are benefits and costs of dams and water diversion projects?

· How can you conserve the world’s water supply?

· Why is point-source pollution easier to control than nonpoint-source pollution?

· Why is it difficult to clean groundwater pollution?

· What is the source of most ocean pollution?

· What causes air pollution?

· What are the sources of primary air pollutants?

· How does smog affect humans?

· How does temperature inversion trap air pollutants near the Earth’s surface?

· What are short and long term effects of air pollution on health?

· What are two ways in which indoor air pollution can be prevented?

· What human health problems are caused by noise pollution?

· How does the pH of pure water compare with that of acid precipitation?

· What causes acid precipitation?

· How does acid precipitation affect soil, aquatic ecosystems, humans, and plants?

· What is climate?

· What factors determine climate?

· What causes seasons?

· What is the ozone layer and what is its purpose?

· What chemicals cause ozone depletion?

· What harmful effects result from UV radiation as a result of ozone thinning?

· What is a greenhouse gas?

· How does an increase in greenhouse gas cause global warming?

· What are the consequences of a warmer earth?

· What is the purpose of the Kyoto Protocol?

· What difficulties do scientists face when they attempt to construct models that accurately predict the rate of global warming?

· How do ecosystem services link rural lands with urban lands?

· How do humans use land?

· How do people address the urban crisis?

· How do open spaces provide environmental benefits to urban areas?

· What are benefits of preserving farmland?

· What are environmental effects of deforestation?

· How can we successfully manage rangeland?


	Unit Enduring Understandings

Students will understand that…

· Only a small fraction of Earth’s water supply is fresh water. 
· The two main sources of fresh water are surface water and ground water.

· River systems drain the land that makes up a water shed. 

· Groundwater accumulates in underground formations called aquifers. 

· The level of the water table affects humans and animals that depend on groundwater.

· Three main types of water use: residential, industrial, and agricultural.

· Surface water resources are managed by dams and water diversion projects.

· Water conservation is necessary to maintain adequate fresh water supply.

· Water can be polluted by chemical, physical, and biological agents.

· Groundwater pollution difficult to clean.

· Ocean pollution is mainly caused by coastal non-point source pollution. 

· Pollutants are put directly in the air by humans and secondary pollutants are formed by chemical reactions.

· Air pollution is caused by vehicles and industry
· Urban air pollution is smog
· Pollution is trapped near the surface of Earth by temperature inversion.
· Air pollution can affect human health.
· Indoor pollution can be worse than outdoor pollution.
· Noise is a pollutant that affects human health and the quality of life.
· Acid precipitation may be in the form of rain, sleet, or snow.
· Acid shock causes a rapid change in pH that harms aquatic life. 
· Pollutants release in one area may fall to the ground hundreds of kilometers away.
· Climate is the long term prevailing weather conditions at a particular place.
· There are variety of factors that determine climate.
· The change in the angle of the sun’s rays causes seasons to change
· The ozone layer absorbs most of the UV light 
· Chlorofluorocarbons damage the ozone layer.
· Ozone levels over the polar regions have been decreasing.
· Thinning of the ozone layer allows more UV light to reach Earth’s surface.
· Greenhouse gases absorb and radiate heat.
· An increase in global temperature is called global warming.
· Computer models are used to predict the rate of global warming.
· Rapid growth of city infrastructure results in substandard housing and traffic problems
· The Kyoto Protocol sets timetables for reducing emissions of greenhouse gases.
· Urban areas rely on rural ecosystems for water, food, wood, and other ecosystem services
· Unplanned growth of cities results in urban sprawl

· Deforestation can cause soil erosion. 

· National lands are used for many purposes.



	Unit Objectives

Students will be able to…

· Describe the distribution of Earth’s water resources.

· Explain why fresh water is one of Earth’s limited resources.

· Describe the distribution of Earth’s surface water.

· Describe the relationship between groundwater and surface water in a watershed.

· Identify patterns of global water use.

· Explain how water is treated so that it can be used for drinking.

· Identify how water is used in home, in industry, and in agriculture.
· Describe how dams and water diversion projects are used to manage freshwater resources.

· Identify five ways that water can be conserved.

· Compare point-source pollution and nonpoint-source pollution.

· Explain why groundwater pollution is difficult to clean up

· Describe the major sources of ocean pollution, and explain the effects of pollution on ecosystems. 

· Name 5 primary air pollutants, and give sources of each

· Name the two major sources of air pollution in urban areas

· Describe how smog forms

· Explain how a thermal inversion traps air pollution

· Describe short and long term effects of air pollution on human health

· Explain causes and preventions of indoor air pollution

· Describe human health problems caused by air pollution

· Explain the causes of acid precipitation

· Explain how acid precipitation affects humans

· Explain the difference between weather and climate

· Identify four factors that determine climate

· Explain why different parts of the Earth have different climates

· Explain what causes the seasons

· Explain how the ozone layer shields the Earth from the sun’s radiation

· Explain how chlorofluorocarbons damage the ozone layer

· Explain how the ozone hole forms

· Describe the damaging effects of UV radiation

· Explain why there is still a threat to the ozone layer.

· Explain why the Earth’s atmosphere is like the glass in a greenhouse.

· Explain why carbon dioxide content of the atmosphere is increasing.

· Identify why the average global temperature is increasing.

· Distinguish between urban and rural land

· Describe how humans use land

· Explain the concept of ecosystems

· Describe the urban crisis and explain what people are doing to deal with it

· Explain how urban sprawl affects the environment

· Explain how open spaces provide environmental benefits

· Explain the benefits of preserving farmland

· Describe two ways rangeland can be managed sustainably

· Describe the environmental effects of deforestation

· Explain the function of parks and of wilderness areas

	Unit Objectives

Students will know…
· How Earth’s water resources are distributed.

· Why fresh water is one of Earth’s limited resources.
· The difference between groundwater and surface water in a watershed.

· The patterns of global water use.

· How water is treated so that it can be used for drinking.

· How water is used in home, in industry, and in agriculture.

· How dams and water diversion projects are used to manage freshwater resources.
· Five ways that water can be conserved.

· The difference between point-source pollution and nonpoint-source pollution.

· Why groundwater pollution is difficult to clean up
· The major sources of ocean pollution, and explain the effects of pollution on ecosystems.
· 5 primary air pollutants, and give sources of each

· The two major sources of air pollution in urban areas

· How smog forms

· How a thermal inversion traps air pollution

· Short and long term effects of air pollution on human health

· The causes and preventions of indoor air pollution

· Human health problems caused by air pollution

· The causes of acid precipitation

· How acid precipitation affects humans
· The difference between weather and climate

· Four factors that determine climate

· Why different parts of the Earth have different climates

· What causes the seasons

· How the ozone layer shields the Earth from the sun’s radiation

· How chlorofluorocarbons damage the ozone layer

· How the ozone hole forms

· The damaging effects of UV radiation

· Why there is still a threat to the ozone layer.

· How the Earth’s atmosphere is like the glass in a greenhouse.

· Why carbon dioxide content of the atmosphere is increasing.

· Why the average global temperature is increasing.
· The difference between urban and rural land

· How humans use land

· The concept of ecosystems

· The urban crisis and what people are doing to deal with it

· How urban sprawl affects the environment

· How open spaces provide environmental benefits

· The benefits of preserving farmland

· Two ways rangeland can be managed sustainably

· The environmental effects of deforestation

· The function of parks and of wilderness areas




Related NGSS Performance Expectations
HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions. [Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic respiration in differentenvironments.] [Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic or anaerobic respiration.]
HS-LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of energy amongorganisms in an ecosystem. [Clarification Statement: Emphasis is on using a mathematical model of stored energy in biomass to describe the transfer of energy from one trophic level to another and that matter and energy are conserved as matter cycles and energy flows through ecosystems. Emphasis is on atoms and molecules such as carbon, oxygen, hydrogen and nitrogen being conserved as they move through an ecosystem.] [Assessment Boundary: Assessment is limited to proportional reasoning to describe the cycling of matter and flow of energy.] 
HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem. [Clarification Statement: Examples of changes in ecosystem conditions could include modest biological or physical changes, such as moderate hunting or a seasonal flood; and extreme changes, such as volcanic eruption or sea level rise.] 
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.* [Clarification Statement: Examples of human activities can include urbanization, building dams, and dissemination of invasive species.] 

HS-LS2-8. Evaluate the evidence for the role of group behavior on individual and species’ chances to survive and reproduce. [Clarification Statement: Emphasis is on: (1) distinguishing between group and individual behavior, (2) identifying evidence supporting the outcomes of group behavior, and (3) developing logical and reasonable arguments based on evidence. Examples of group behaviors could include flocking, schooling, herding, and cooperative behaviors such as hunting, migrating, and swarming.]
HS-ESS3-1. Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity. [Clarification Statement: Examples of key natural resources include access to fresh water (such as rivers, lakes, and groundwater), regions of fertile soils such as river deltas, and high concentrations of minerals and fossil fuels. Examples of natural hazards can be from interior processes (such as volcanic eruptions and earthquakes), surface processes (such as tsunamis, mass wasting and soil erosion), and severe weather (such as hurricanes, floods, and droughts). Examples of the results of changes in climate that can affect populations or drive mass migrations include changes to sea level, regional patterns of temperature and precipitation, and the types of crops and livestock that can be raised.] 
HS-ESS3-2. Evaluate competing design solutions for developing, managing, and utilizing energy and mineral resources based on cost-benefit ratios.* [Clarification Statement: Emphasis is on the conservation, recycling, and reuse of resources (such as minerals and metals) where possible, and on minimizing impacts where it is not. Examples include developing best practices for agricultural soil use, mining (for coal, tar sands, and oil shales), and pumping (for petroleum and natural gas). Science knowledge indicates what can happen in natural systems—not what should happen.]
HS-ESS3-3. Create a computational simulation to illustrate the relationships among management of natural resources, the sustainability of human populations, and biodiversity. [Clarification Statement: Examples of factors that affect the management of natural resources include costs of resource extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that affect human sustainability include agricultural efficiency, levels of conservation, and urban planning.] [Assessment Boundary: Assessment for computational simulations is limited to using provided multi-parameter programs or constructing simplified spreadsheet calculations.] 
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems. [Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).]

HS-ESS3-5. Analyze geoscience data and the results from global climate models to make an evidence-based forecast of the current rate of global or regional climate change and associated future impacts to Earth systems. [Clarification Statement: Examples of evidence, for both data and climate model outputs, are for climate changes (such as precipitation and temperature) and their associated impacts (such as on sea level, glacial ice volumes, or atmosphere and ocean composition).] [Assessment Boundary: Assessment is limited to one example of a climate change and its associated impacts.]
HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity. [Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: Assessment does not include running computational representations but is limited to using the published results of scientific computational models.]
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	OCEAN COUNTY ENVIRONMENTAL SCIENCE CURRICULUM 
UNIT 6 - Our Health and our Future

	Content Area:  Environmental Science

	Unit Title:  Our Health and our Future

	Target Course/Grade Level: 9-12

	Unit Summary 
In this unit students will use concepts from science, social studies and health to analyze and interpret both positive and negative impacts of natural events and human activities on human health and the environment.  Students will make connections between human diseases and organisms that serve as pathogens and vectors.  In addition students will investigate ways in which governments and people can affect environmental issues at the individual, community, state, and both national and international levels.


	Primary interdisciplinary connections:

Infused within the unit are connections to the 2016 NJ Learning Standards for Mathematics, Language Arts Literacy and Technology. 

	21st Century Themes:

The unit will integrate the 21st Century Life and Career strand 9.1 strands A-D. These strands include: Critical thinking and problem solving, creativity and innovation, collaboration, teamwork and leadership, and cross cultural understanding and interpersonal communication. 

Technology connections:

For further clarification, refer to NGSS.

	Learning Targets

	Content Standards

CONTENT STANDARDS LINK: 

	CPI #
	 Cumulative Progress Indicator (CPI)

	RST.9-10.7
	Translate quantitative or technical information expressed in words in a text into visual form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in an equation) into words.

	RST.11-12.1
	Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.

	WHST.9-12.2
	Write informative/explanatory texts, including, the narration of historical events, scientific procedures/experiments, or technical processes.

	WHST.9-12.5
	Develop and strengthen writing as needed by planning, revising, editing, rewriting, or trying a new approach, focusing on addressing what is most significant for a specific purpose and audience.

	WHST.9-12.7
	Conduct short as well as more sustained research projects to answer a question (including a self-generated question) or solve a problem; narrow or broaden the inquiry when appropriate; synthesize multiple sources on the subject, demonstrating understanding of the subject under investigation.

	WHST.11-12.8
	Gather relevant information from multiple authoritative print and digital sources, using advanced searches effectively; assess the strengths and limitations of each source in terms of the specific task, purpose, and audience; integrate information into the text selectively to maintain the flow of ideas, avoiding plagiarism and over-reliance on any one source and following a standard format for citation.

	WHST.9-12.9
	Draw evidence from information texts to support analysis, reflection, and research.

	HSN-Q.A.1
	Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.

	HSN-Q.A.2


	Define appropriate quantities for the purpose of descriptive modeling. 



	HSN-Q.A.3
	Define appropriate quantities for the purpose of descriptive modeling.

	MP.2


	Reason abstractly and quantitatively.



	MP.4


	Model with mathematics



	DCI#
	Disciplinary Core Ideas

	ESS3.A
	Natural Resources – Resource availability has guided the development of human society. 
(HS-ESS3-1) 
All forms of energy production and other resource extraction have associated economic, social, environmental, and geopolitical costs and risks as well as benefits. New technologies and social regulations can change the balance of these factors. (HS-ESS3-2)



	ESS3.B
	Natural Hazards - Natural hazards and other geologic events have shaped the course of human history; [they] have significantly altered the sizes of human populations and have driven human migrations. (HS-ESS3-1)



	ESS3.C


	Human Impacts on Earth Systems - The sustainability of human societies and the biodiversity that supports them requires responsible management of natural resources. (HS-ESS3-3) 
Scientists and engineers can make major contributions by developing technologies that produce less pollution and waste and that preclude ecosystem degradation. (HS-ESS3-4)




	ETS1.B


	Developing Possible Solutions - When evaluating solutions, it is important to take into account a range of constraints, including cost, safety, reliability, and aesthetics, and to consider social, cultural, and environmental impacts. (secondary to HS-ESS3-2),(secondary HS-ESS3-4)



	
	Connections to other DCIs in this grade-band: 
For further clarification, refer to NGSS.


	
	Articulation of DCIs across grade-bands: 
For further clarification, refer to NGSS.


	Unit Essential Questions

· How can both natural and human caused changes in the environment lead to changes in human health?

· How are economics and Environmental Science related?

· What is sustainability and how is it important to the future of the environment?

· How can individuals influence environmental affairs through public and private actions?
	Unit Enduring Understandings

Students will understand that…

· Changes in the environment can lead to the spread of infectious diseases.

· Sustainability will be a key factor in preserving the future environment and its relevant organisms.

· Pollution can come from both human and naturally occurring sources.

· Most human diseases that have an environmental component are caused by pathogens.

· Many emerging diseases are caused by pathogens and changes to the environment, and have made cross-species transfers from animals to humans.

· Individuals can have an effect on environmental interactions through leadership and education.



	Unit Objectives

Students will know…

· Vocabulary and key terms

· Understand pollutants, their sources and their possible effects on human health.

· Understand how pollution can come from both natural sources and human activities.

· How the government can influence economics.
	Unit Objectives

Students will be able to…
· Explain how scientists use toxicology and epidemiology.

· Describe the relationship between waste, pollution, and human health.

· Describe several major international meetings and agreements relating to the environment.

· Give examples of private, community, and government efforts to address environmental problems.

· Describe major events in environmental history.


Related NGSS Performance Expectations
HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in aerobic and anaerobic conditions. [Clarification Statement: Emphasis is on conceptual understanding of the role of aerobic and anaerobic respiration in differentenvironments.] [Assessment Boundary: Assessment does not include the specific chemical processes of either aerobic or anaerobic respiration.]
HS-LS2-4. Use mathematical representations to support claims for the cycling of matter and flow of energy amongorganisms in an ecosystem. [Clarification Statement: Emphasis is on using a mathematical model of stored energy in biomass to describe the transfer of energy from one trophic level to another and that matter and energy are conserved as matter cycles and energy flows through ecosystems. Emphasis is on atoms and molecules such as carbon, oxygen, hydrogen and nitrogen being conserved as they move through an ecosystem.] [Assessment Boundary: Assessment is limited to proportional reasoning to describe the cycling of matter and flow of energy.] 
HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem. [Clarification Statement: Examples of changes in ecosystem conditions could include modest biological or physical changes, such as moderate hunting or a seasonal flood; and extreme changes, such as volcanic eruption or sea level rise.] 
HS-LS2-7. Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.* [Clarification Statement: Examples of human activities can include urbanization, building dams, and dissemination of invasive species.] 

HS-LS2-8. Evaluate the evidence for the role of group behavior on individual and species’ chances to survive and reproduce. [Clarification Statement: Emphasis is on: (1) distinguishing between group and individual behavior, (2) identifying evidence supporting the outcomes of group behavior, and (3) developing logical and reasonable arguments based on evidence. Examples of group behaviors could include flocking, schooling, herding, and cooperative behaviors such as hunting, migrating, and swarming.]
HS-ESS3-3. Create a computational simulation to illustrate the relationships among management of natural resources, the sustainability of human populations, and biodiversity. [Clarification Statement: Examples of factors that affect the management of natural resources include costs of resource extraction and waste management, per-capita consumption, and the development of new technologies. Examples of factors that affect human sustainability include agricultural efficiency, levels of conservation, and urban planning.] [Assessment Boundary: Assessment for computational simulations is limited to using provided multi-parameter programs or constructing simplified spreadsheet calculations.] 
HS-ESS3-4. Evaluate or refine a technological solution that reduces impacts of human activities on natural systems. [Clarification Statement: Examples of data on the impacts of human activities could include the quantities and types of pollutants released, changes to biomass and species diversity, or areal changes in land surface use (such as for urban development, agriculture and livestock, or surface mining). Examples for limiting future impacts could range from local efforts (such as reducing, reusing, and recycling resources) to large-scale geoengineering design solutions (such as altering global temperatures by making large changes to the atmosphere or ocean).]

HS-ESS3-6. Use a computational representation to illustrate the relationships among Earth systems and how those relationships are being modified due to human activity. [Clarification Statement: Examples of Earth systems to be considered are the hydrosphere, atmosphere, cryosphere, geosphere, and/or biosphere. An example of the far-reaching impacts from a human activity is how an increase in atmospheric carbon dioxide results in an increase in photosynthetic biomass on land and an increase in ocean acidification, with resulting impacts on sea organism health and marine populations.] [Assessment Boundary: Assessment does not include running computational representations but is limited to using the published results of scientific computational models.]
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