Earth Science HS — California Science Standards

	Academic Content Standards
	EP&C
	The EP&C help students master and deepen their understanding of California's Science Standards in the following context:

	Earth’s Place in the Universe

1.
Astronomy and planetary exploration reveal the solar system's structure, scale, and change over time. As a basis for understanding this concept:

	a.
Students know how the differences and similarities among the sun, the terrestrial planets, and the gas planets may have been established during the formation of the solar system.
	
	

	b.
Students know the evidence from Earth and moon rocks indicates that the solar system was formed from a nebular cloud of dust and gas approximately 4.6 billion years ago.
	
	

	c.
Students know the evidence from geological studies of Earth and other planets suggest that the early Earth was very different from Earth today.
	
	

	d.
Students know the evidence indicating that the planets are much closer to Earth than the stars are.
	
	

	e.
Students know the Sun is a typical star and is powered by nuclear reactions, primarily the fusion of hydrogen to form helium.
	
	

	f.
Students know the evidence for the dramatic effects that asteroid impacts have had in shaping the surface of planets and their moons and in mass extinctions of life on Earth
	
	

	g.
* Students know the evidence for the existence of planets orbiting other stars
	
	

	

	2.
Earth-based and space-based astronomy reveal the structure, scale, and changes in stars, galaxies, and the universe over time. As a basis for understanding this concept:

	a.
Students know the solar system is located in an outer edge of the disc-shaped Milky Way galaxy, which spans 100,000 light years.
	
	

	b.
Students know galaxies are made of billions of stars and comprise most of the visible mass of the universe.
	
	

	c.
Students know the evidence indicating that all elements with an atomic number greater than that of lithium have been formed by nuclear fusion in stars.
	
	

	d. Students know that stars differ in their life cycles and that visual, radio, and X-ray telescopes may be used to collect data that reveal those differences.
	
	

	e.
* Students know accelerators boost subatomic particles to energy levels that simulate conditions in the stars and in the early history of the universe before stars formed.
	
	

	f.
* Students know the evidence indicating that the color, brightness, and evolution of a star are determined by a balance between gravitational collapse and nuclear fusion.
	
	

	g.
* Students know how the red-shift from distant galaxies and the cosmic background radiation provide evidence for the "big bang" model that suggests that the universe has been expanding for 10 to 20 billion years.
	
	

	


	Dynamic Earth Processes

3.
Plate tectonics operating over geologic time has changed the patterns of land, sea, and mountains on Earth's surface. As the basis for understanding this concept:

	a.
Students know features of the ocean floor (magnetic patterns, age, and sea-floor topography) provide evidence of plate tectonics.
	
	

	b.
Students know the principal structures that form at the three different kinds of plate boundaries.
	
	

	c.
Students know how to explain the properties of rocks based on the physical and chemical conditions in which they formed, including plate tectonic processes.
	I a b; III a b
	· Different physical and chemical conditions (including plate tectonic processes) form different kinds of rocks, each with different properties of use to humans and our economies and cultures.

· Plate tectonic processes and the rock cycle are among the cycles and processes operating within natural systems.

	d.
Students know why and how earthquakes occur and the scales used to measure their intensity and magnitude.
	
	

	e.
Students know there are two kinds of volcanoes: one kind with violent eruptions producing steep slopes and the other kind with voluminous lava flows producing gentle slopes.
	
	

	f.
* Students know the explanation for the location and properties of volcanoes that are due to hot spots and the explanation for those that are due to subduction.
	
	

	

	Energy in the Earth System

4.
Energy enters the Earth system primarily as solar radiation and eventually escapes as heat. As a basis for understanding this concept:

	a.
Students know the relative amount of incoming solar energy compared with Earth's internal energy and the energy used by society.
	I a; II b; III a
	· Solar energy and Earth’s internal energy are goods provided by natural systems that are essential to human life.

· More energy enters natural systems than is required by human society. The methods used to extract, harvest, transport, and consume energy resources influence the viability of natural systems.

· Energy from the sun or from Earth’s interior drives many of the processes and cycles that function within natural systems.

	b.
Students know the fate of incoming solar radiation in terms of reflection, absorption, and photosynthesis.
	I a b; II b c; III a b c
	· Solar energy is a good provided by natural systems essential to human life and to the functioning of our economies and cultures.

· Reflection, absorption, and photosynthesis are ecosystem services essential to human life and to the functioning of our economies and cultures.  For example, we depend on photosynthesis for our food, natural heating and cooling, and the dissipation of energy from the Earth that helps moderate temperature.

· Natural resource production and consumption practices and the expansion of human communities influence the rate and magnitude of reflection, absorption, and photosynthesis. This in turn influences the long-term functioning and health of natural systems.

· Reflection, absorption, and photosynthesis are processes and cycles that operate on incoming solar radiation and are required for natural systems to function. Humans depend on these cycles and processes because they in part determine the goods and ecosystem services produced by natural systems.

· Human practices can alter the rate and magnitude of reflection, absorption, and photosynthesis on incoming solar radiation and thus influence the cycles and processes operating within natural systems.

	c.
Students know the different atmospheric gases that absorb the Earth's thermal radiation and the mechanism and significance of the greenhouse effect.
	I a b c; II a b c d;

III a b c; IV a b c

V a b
	· Natural systems produce atmospheric gases that are essential to human life.

· Atmospheric gases absorb the Earth’s thermal radiation and provide other ecosystem services that are essential to human life.

· The health of natural systems influences the quality, quantity, and reliability of atmospheric gases and the ecosystem services they provide.

· The greenhouse effect may also alter natural systems in ways that affect human systems such as agricultural productivity and coastal developments (e.g., changing sea levels).

· The rates and methods of human production and consumption of natural resources cause changes in the quantities of gases in the atmosphere, potentially leading to global climate change. This can influence the geographic extent, composition, biological diversity, and the viability of natural systems.

· The operation and expansion of human communities and the laws, regulations, policies, and incentives that govern the release of substances into the atmosphere cause changes in the quantities of gases in the atmosphere and can contribute to the greenhouse effect. This can influence the geographic extent, composition, biological diversity, and the viability of natural systems.

· The absorption of thermal radiation by atmospheric gases is a critical component in the cycles and processes that maintain the temperature and climate of natural systems. Humans depend on these cycles and processes for moderation of weather and climate. Human practices can increase the emission of greenhouse gases and alter the cycles and processes that control climate and temperature.

· The effects of human activities due to the greenhouse effect are directly related to the quantities and characteristics of greenhouse gases released as byproducts of those activities. Those byproducts are not readily prevented from entering natural systems and can have beneficial, neutral, or detrimental effects. The capacity of natural systems to adjust to the introduction of human-caused greenhouse gases depends on the nature of the system and the scope, scale, and duration of the activities that produce these gases.

· Decisions about resources and natural systems involve a spectrum of considerations. Knowledge about global climate change is incomplete and models used to predict its scope and impact may not be accurate. Assessment of the social, economic, political and environmental factors involved in decisions about atmospheric gases has changed over time.

	d.
* Students know the differing greenhouse conditions on Earth, Mars, and Venus; the origins of those conditions; and the climatic consequences of each.
	IV a b c
	· The differing greenhouse conditions on Earth, Mars, and Venus can inform our understanding of the climatic consequences of changing concentrations of atmospheric gases. The effects of adding some substances to the atmosphere as a result of human activities may influence the global climate, which affects the long-term functioning of both natural and human social systems.

· The byproducts of human activity are not readily prevented from entering the atmosphere and may be beneficial, neutral, or detrimental in their effects.

· The capacity of the atmosphere to adjust to human-caused alterations varies with the nature and scope of the alterations and with the conditions of the atmosphere itself, as evidenced by comparing the greenhouse conditions of Earth, Mars, and Venus.

	


	5.
Heating of Earth's surface and atmosphere by the sun drives convection within the atmosphere and oceans, producing winds and ocean currents. As a basis for understanding this concept:

	a.
Students know how differential heating of Earth results in circulation patterns in the atmosphere and oceans that globally distribute the heat.
	II b; III a b c
	· The global distribution of heat influences the goods and ecosystem services provided by natural systems and thereby influences the viability of human communities and natural systems.

· The concentration of human activities in cities produces heat as a byproduct, which can affect circulation patterns in the atmosphere and the oceans, and influence the viability of human communities and natural systems.

· Differential heating of the Earth results in circulation patterns in the atmosphere and ocean that govern the distribution of heat energy within and between natural systems. Humans depend on these energy cycles and processes because they in part determine climate and weather patterns.

	b.
Students know the relationship between the rotation of Earth and the circular motions of ocean currents and air in pressure centers.
	I b; III a b 
	· The circular motion of ocean currents and air in pressure centers influences the distribution of nutrients and organisms, thus influencing the goods and ecosystem services provided by coastal and marine systems.

· The rotation of Earth results in circulation patterns in the atmosphere and ocean that govern the flow of energy within and between natural systems.

· Fluctuations in climate and weather conditions that result from the rotation of Earth and the circular motions of ocean currents affect ocean temperature, thereby changing the distribution of organisms. Humans depend upon these organisms (e.g., fish and algae) for their sustenance and economies.

	c.
Students know the origin and effects of temperature inversions.
	I c; IV a b c; V a
	· Convection of air masses normally disperses gases and particulate matter in the atmospheric layers closest to the Earth’s surface.

· When inversions occur, convection is disrupted, causing these gases and particulate matter to be trapped close to the Earth’s surface.

· Inversions can thus affect the quality of the air humans and other organisms breathe.

· Gases and particulate matter that are the byproducts of human activity are not readily prevented from entering natural systems. These gases and particulate matter may be detrimental, neutral or beneficial in effect.

· The vulnerability of an area to temperature inversions is one of the factors considered when making policy and management decisions about managing the release of gases and particulate matter as byproducts of human activity.

	d.
Students know properties of ocean water, such as temperature and salinity, can be used to explain the layered structure of the oceans, the generation of horizontal and vertical ocean currents, and the geographic distribution of marine organisms.
	I a b c; II a b c d; III a b c; IV a b c
	· Properties of ocean water affect the geographic distribution of marine organisms and thus determine the goods and ecosystem services produced by coastal and marine systems.

· The quantity, quality, and reliability of those goods and services depend on fully functioning coastal and marine systems.

· The growth of human populations and their consumption rates influence the health of coastal and marine systems.

· Human practices can alter cycles and processes in coastal and marine systems that influence the properties of ocean water and, in turn, may affect coastal, marine, freshwater and terrestrial organisms.

· Human consumption of resources and the resulting byproducts affect the long-term functioning of coastal and marine systems.

	e.
Students know rain forests and deserts on Earth are distributed in bands at specific latitudes.
	I a b c; II a b c d;

III a b c; IV a c; V a
	· Human practices influence the geographic extent and viability of rain forest and desert ecosystems.

· The growth of human populations and their consumption rates influence the geographic extent and viability of rain forest and desert ecosystems.

· Human practices can alter cycles and processes in rain forest and desert ecosystems.

· Human consumption of resources and the resulting byproducts affect the long-term functioning of rain forest and desert ecosystems.

· Decisions regarding the practices that affect rain forest and desert ecosystems are based on a spectrum of factors.

	f.
* Students know the interaction of wind patterns, ocean currents, and mountain ranges results in the global pattern of latitudinal bands of rain forests and deserts.
	
	

	g.
* Students know features of the ENSO (El Niño southern oscillation) cycle in terms of sea-surface and air temperature variations across the Pacific and some climatic results of this cycle.
	I a b; II b c d; III a b
	· Sea-surface and air temperature variations result in phenomena such as ENSO, which influence the cycles and processes that sustain organisms in coastal and marine systems.

· The oscillations between El Niño and La Niña currents fundamentally change weather across the ocean and bring on droughts and floods.  These processes can be influenced by the global scale of human activity and effects such as climate change.

· Global warming may reduce the ocean’s ability to act as a carbon-dioxide sink.

· Phenomena such as ENSO directly influence the reliability of the goods and ecosystem services produced by coastal and marine systems and thus affect the viability of human communities and societies.

	

	6.
Climate is the long-term average of a region's weather and depends on many factors. As a basis for understanding this concept:

	a.
Students know weather (in the short run) and climate (in the long run) involve the transfer of energy into and out of the atmosphere.
	I a b; III a b
	· Weather and climate are central to the flow of energy and matter within and between natural systems.

· Weather and climate are instrumental in the production of goods and ecosystem services by natural systems.

	b.
Students know the effects on climate of latitude, elevation, topography, and proximity to large bodies of water and cold or warm ocean currents.
	
	

	c.
Students know how Earth's climate has changed over time, corresponding to changes in Earth's geography, atmospheric composition, and other factors, such as solar radiation and plate movement.
	II a b c d; III c;

IV b c
	· In addition to these factors, the growth of human populations and their consumption rates may now be influencing the Earth’s climate.

· In addition to naturally occurring climate change, human activities have resulted in the generation of byproducts that also contribute to climate change over time.

· People, and the crops upon which we depend, have evolved in the climate that we have today.

	d.
* Students know how computer models are used to predict the effects of the increase in greenhouse gases on climate for the planet as a whole and for specific regions.
	II a b c; V a b
	· Models used to predict the effects of the increase in greenhouse gases on climate are among the spectrum of factors considered in making decisions about resources and natural systems. Policy makers do not necessarily agree about the significance of the greenhouse gases on climate change, which influences related decisions. Assessment of the social, economic, political and environmental factors involved in decisions about greenhouse gases has changed over time.

· Quantities and distribution of global greenhouse gases may be influenced by direct and indirect changes to natural systems that result from human population growth, resource production and consumption, operation and expansion of communities, and the laws, regulations, policies, and incentives that govern management of natural resources.

· Effects on the climates of specific regions can influence the geographic extent, composition, biological diversity, and viability of natural systems in those regions.

	

	Biogeochemical Cycles

7.
Each element on Earth moves among reservoirs, which exist in the solid earth, in oceans, in the atmosphere, and within and among organisms as part of biogeochemical cycles. As a basis for understanding this concept:

	a.
Students know the carbon cycle of photosynthesis and respiration and the nitrogen cycle.
	I b; III a b c
	· Photosynthesis, respiration, and nitrogen fixing are services provided by natural systems and essential to human life.

· The carbon cycle and the nitrogen cycle are central to the flow of energy and matter within and between natural systems.

· Humans depend on the cycling of carbon and nitrogen. These cycles produce goods and ecosystem services essential to our lives, economies, and cultures.

· Human practices can alter the carbon and nitrogen cycles.

	b.
Students know the global carbon cycle: the different physical and chemical forms of carbon in the atmosphere, oceans, biomass, fossil fuels, and the movement of carbon among these reservoirs.
	I a ; II b; III a b c;

IV a b c ; V a
	· Carbon is a good used in varying physical and chemical forms by natural systems.

· Carbon is essential to all living organisms and to the functioning of human economies and cultures.

· Natural resource production and consumption practices influence the global carbon cycle and affect the geographic extent, composition, biological diversity, and viability of natural systems.

· The movement of carbon among its various reservoirs (atmosphere, oceans, biomass, coal and oil deposits, and the atmosphere) is central to the flow of energy and matter within and between natural systems.

· Humans depend on the global carbon cycle and the different physical and chemical forms of carbon that move through the cycle.

· Human practices can bring about changes in the carbon cycle.

· Increased atmospheric carbon dioxide is a byproduct of the burning of fossil fuel that is not readily prevented from entering natural systems. The effects of increased carbon dioxide may be beneficial, neutral, or detrimental.

· The capacity of natural systems to adjust to human-caused alterations in the global carbon cycle varies with the nature and scope of the alterations.

· Decisions regarding the global carbon cycle are complex and based on a wide spectrum of considerations. Economics, environmental costs and benefits, public health, incomplete scientific knowledge, and personal views are among the factors that influence decisions regarding the cycling of the different physical and chemical forms of carbon.

	c.
Students know the movement of matter among reservoirs is driven by Earth's internal and external sources of energy.
	
	

	d.
* Students know the relative residence times and flow characteristics of carbon in and out of its different reservoirs.
	I a; II b; III a b c;

IV a b c
	· Human practices can alter the relative residence times and flow characteristics of carbon in and out of its different reservoirs (e.g., oceans, biomass, coal and oil deposits, and the atmosphere).

· The quantity of resources (e.g., coal, oil) consumed by human activities affects the residence times of carbon in and out of its different reservoirs.

· Natural resource production and consumption practices influence the global carbon cycle and affect the geographic extent, composition, biological diversity, and viability of natural systems.

· Humans use carbon in varying forms and depend on its flow in and out of different reservoirs.

	

	Structure and Composition of the Atmosphere

8.
Life has changed Earth's atmosphere, and changes in the atmosphere affect conditions for life. As a basis for understanding this concept:

	a.
Students know the thermal structure and chemical composition of the atmosphere.
	I a b; II a b
	· The thermal structure and chemical composition of the atmosphere influence human health.
· The atmosphere and its components are essential to human life.

· Human activities and practices influence the thermal structure and chemical composition of the atmosphere.

	b.
Students know how the composition of Earth's atmosphere has evolved over geologic time and know the effect of outgassing, the variations of carbon dioxide concentration, and the origin of atmospheric oxygen.
	II a b c d; V a b
	· In addition to these factors, the growth of human populations and their consumption rates may now be influencing the composition of Earth's atmosphere.

· Decisions affecting human practices and activities regarding the composition of Earth's atmosphere are based on available knowledge, legal and economic factors and a variety of other considerations.

	c.
Students know the location of the ozone layer in the upper atmosphere, its role in absorbing ultraviolet radiation, and the way in which this layer varies both naturally and in response to human activities.
	I a b c; II b; IV a b c; V a b
	· Ozone is a good produced by natural systems and, in the upper atmosphere, it provides an ecosystem service that is essential to human life and health.

· Natural resource production and consumption practices by human social systems influence the ozone layer and thereby influence the geographic extent, composition, biological diversity, and viability of natural systems.  

· The byproducts of current and past human practices and products (e.g., refrigeration, air conditioning, aerosol propellants, fire extinguishers, and cleaning and protection of electronic equipment) influence ozone in the upper atmosphere. These byproducts are not readily prevented from entering the atmosphere and are considered by many scientists to have detrimental effects.

· The capacity of natural systems to adjust to human-caused ozone layer depletion depends on the nature of the system and the scope, scale, and duration of the activity.

· Decisions about natural systems and resource use are complex and based on a spectrum of factors. Incomplete knowledge of the effects of ozone layer depletion influence decisions about ozone layer management. Policy makers do not agree about the significance of the depletion of the ozone layer, which influences related decisions. Assessment of the social, economic, political and environmental factors involved in decisions about ozone layer depletion has changed over time.

· While policy makers may not agree about the significance of the depletion of the ozone layer, the consequences that may be resulting from the depletion may be detrimental to humans and natural systems.

	

	California Geology

9.
The geology of California underlies the state's wealth of natural resources as well as its natural hazards. As a basis for understanding this concept:

	a.
Students know the resources of major economic importance in California and their relation to California's geology.
	I a b; II a b c d;

IV a b c; V a b
	· California’s geology directly or indirectly provides resources of major economic importance to the state and its residents.

· Mineral resources are finite and non-renewable.  Recycling is important in making resources available to future generations.

· Students need to know that methods used to extract, harvest, transport and consume geological resources influence the geographic extent, composition, biological diversity, and viability of natural systems.

· Decisions regarding natural systems and resource use are complex and based on a spectrum of considerations including the economic value and environmental sustainability of available resources.

	b.
Students know the principal natural hazards in different California regions and the geologic basis of those hazards.
	III a b; V a b
	· California’s natural systems proceed through cycles and processes including erosion, faulting and other seismic events.

· The existence of geological hazards throughout California influences decisions about a variety of human practices including the expansion and operation of human communities and use of resources.

· As populations increase, there is increasing pressure to build in geologically hazardous areas.  While modern building techniques can help reduce risks, the magnitude and force of potential earthquakes are such that even the best built buildings could not withstand them.

	c.
Students know the importance of water to society, the origins of California's fresh water, and the relationship between supply and need.
	I a b c; II a b c d; III c; IV a b c; V a b 
	· Water is a good that provides many ecosystem services essential to human life and integral to our economies and cultures.
· We obtain water from various sources, including surface water, reservoirs, and aquifers.

· Direct and indirect changes to natural systems due to the growth of human populations and communities influence the quality, quantity, and availability of fresh water supplies and thus affect the geographic extent, composition, biological diversity, and viability of natural systems.

· Natural resource production and consumption practices influence the quality, quantity, and availability of fresh water supplies and thus affect the geographic extent, composition, biological diversity, and viability of natural systems.

· The laws, regulations, policies, and incentives that govern our fresh water supplies influence the geographic extent, composition, biological diversity, and viability of natural systems.

· The effects of human activities on California’s fresh water systems are related to the quantities of water used and the quantity and characteristics of the byproducts of those activities.

· Human practices can alter the cycles and processes that sustain California’s fresh water systems and significantly affect local and regional water supply and demand.

· The byproducts of human activities are not readily prevented from entering water systems and may be beneficial, neutral, or detrimental in their effects (e.g., potential contamination or shortages of water).

· The capacity of natural systems to adjust to human-caused alterations in water quality and quantity depends on the scope, scale, and duration of human activities and the nature of their byproducts. Human alterations to the water supplies can affect the relationship between supply and need.

· Decisions regarding use and distribution of surface water and groundwater are complex and based on a wide spectrum of considerations. Economics, environmental costs and benefits, public health, historical and cultural implications, and personal views are among the factors that influence the decisions made regarding California’s fresh water resources.

· While water is a resource that is recycled through natural and human systems, the amount of usable water is limited.  As human population increases, there is increasing competition for available water.

	d.
* Students know how to analyze published geologic hazard maps of California and know how to use the map's information to identify evidence of geologic events of the past and predict geologic changes in the future.
	V a b
	· Evidence of past geologic events and the ability to predict geologic changes based on geological hazard maps are among the factors that might be considered in decisions regarding a variety of human practices including the expansion and operation of human communities and other resource use.

· Decisions have changed as assessments of social, economic, political, and environmental factors have changed over time.
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