Global Warming/Climate Change/Earth Temperature/Fossil Fuels/Human
Impact:
Kindergarten:
K-ESS3-3. Communicate solutions that will reduce the impact of humans on
the land, water, air, and/or other living things in the local environment.*
[Clarification Statement: Examples of human impact on the land could include cutting
trees to produce paper and using resources to produce bottles. Examples of solutions
could include reusing paper and recycling cans and bottles.]
ESS3.C: Human Impacts on Earth Systems
 Things that people do to live comfortably can affect the world around them. But
they can make choices that reduce their impacts on the land, water, air, and other
living things. (K-ESS3- 3)
3rd Grade:
3-LS4-4. Make a claim about the merit of a solution to a problem caused
when the environment changes and the types of plants and animals that live
there may change.* [Clarification Statement: Examples of environmental changes
could include changes in land characteristics, water distribution, temperature, food, and
other organisms.] [Assessment Boundary: Assessment is limited to a single
environmental change. Assessment does not include the greenhouse effect or climate
change.]
4th Grade:
4-ESS3-1. Obtain and combine information to describe that energy and fuels
are derived from natural resources and their uses affect the environment.
[Clarification Statement: Examples of renewable energy resources could include wind
energy, water behind dams, and sunlight; non-renewable energy resources are fossil
fuels and fissile materials. Examples of environmental effects could include loss of
habitat due to dams, loss of habitat due to surface mining, and air pollution from
burning of fossil fuels.]
5th Grade:

ESS3.C: Human Impacts on Earth Systems
 Human activities in agriculture, industry, and everyday life have had major
effects on the land, vegetation, streams, ocean, air, and even outer space. But
individuals and communities are doing things to help protect Earth’s resources
and environments. (5-ESS3-1)

Middle School:
The performance expectations in MS.Human Impacts help students formulate answers to the
questions: “How can natural hazards be predicted?” and “How do human activities affect Earth
systems?” Two sub-ideas from the NRC Framework are addressed in these performance
expectations: ESS3.B and ESS3.C. Students understand the ways that human activities impacts
Earth’s other systems. Students can use many different practices to understand the significant
and complex issues surrounding human uses of land, energy, mineral, and water resources and
the resulting impacts of their development. The crosscutting concepts of patterns; cause and
effect; and interdependence of science, engineering, and technology are called out as
organizing concepts for these disciplinary core ideas.
The performance expectations in ESS3: Earth and Human Activity help students formulate
an answer to the question: “How do Earth’s surface processes and human activities affect each
other?” The ESS3 Disciplinary Core Idea from the NRC Framework is broken down into four
sub-ideas: natural resources, natural hazards, human impact on Earth systems, and global
climate change. Students understand the complex and significant interdependencies between
humans and the rest of Earth’s systems through the impacts of natural hazards, our
dependencies on natural resources, and the significant environmental impacts of human
activities. (pg 81)
Connections with other science disciplines help high school students develop these capabilities
in various contexts. For example, in the life sciences students are expected to design, evaluate,
and refine a solution for reducing human impact on the environment (HS-LS2-7) and to create
or revise a simulation to test solutions for mitigating adverse impacts of human activity on
biodiversity (HS-LS4-6). In the physical sciences students solve problems by applying their
engineering capabilities along with their knowledge of conditions for chemical reactions (HSPS1-6), forces during collisions (HS-PS2-3), and conversion of energy from one form to another
(HS-PS3-3). In the Earth and space sciences students apply their engineering capabilities to
reduce human impacts on Earth systems, and improve social and environmental cost-benefit
ratios (HS-ESS3-2, HS-ESS3- 4). (pg 82)

ESS3.C: Human Impacts on Earth Systems
 Human activities have significantly altered the biosphere, sometimes damaging or
destroying natural habitats and causing the extinction of other species. But changes to
Earth’s environments can have different impacts (negative and positive) for different
living things. (MS-ESS3-3)
 Typically as human populations and per-capita consumption of natural resources
increase, so do the negative impacts on Earth unless the activities and technologies
involved are engineered otherwise. (MS- ESS3-3),(MS-ESS3-4)

ESS3.D: Global Climate Change
 Human activities, such as the release of greenhouse gases from burning fossil fuels,
are major factors in the current rise in Earth’s mean surface temperature (global
warming). Reducing the level of climate change and reducing human vulnerability to
whatever climate changes do occur depend on the understanding of climate science,

engineering capabilities, and other kinds of knowledge, such as understanding of
human behavior and on applying that knowledge wisely in decisions and activities. (MSESS3-5)
MS-ESS3-3. Apply scientific principles to design a method for monitoring and
minimizing a human impact on the environment.*
[Clarification Statement: Examples of the design process include examining human
environmental impacts, assessing the kinds of solutions that are feasible, and designing
and evaluating solutions that could reduce that impact. Examples of human impacts can
include water usage (such as the withdrawal of water from streams and aquifers or the
construction of dams and levees), land usage (such as urban development, agriculture,
or the removal of wetlands), and pollution (such as of the air, water, or land).]
MS-ESS3-4. Construct an argument supported by evidence for how increases
in human population and per-capita consumption of natural resources impact
Earth’s systems. [Clarification Statement: Examples of evidence include gradeappropriate databases on human populations and the rates of consumption of food and
natural resources (such as freshwater, mineral, and energy). Examples of impacts can
include changes to the appearance, composition, and structure of Earth’s systems as
well as the rates at which they change. The consequences of increases in human
populations and consumption of natural resources are described by science, but science
does not make the decisions for the actions society takes.]
MS-ESS3-5. Ask questions to clarify evidence of the factors that have caused
the rise in global temperatures over the past century. [Clarification Statement:
Examples of factors include human activities (such as fossil fuel combustion, cement
production, and agricultural activity) and natural processes (such as changes in
incoming solar radiation or volcanic activity). Examples of evidence can include tables,
graphs, and maps of global and regional temperatures, atmospheric levels of gases
such as carbon dioxide and methane, and the rates of human activities. Emphasis is on
the major role that human activities play in causing the rise in global temperatures.]

High School:

High School Earth and Space Sciences
“Students develop models and explanations for the ways that feedbacks between different Earth
systems control the appearance of Earth’s surface. Central to this is the tension between internal
systems, which are largely responsible for creating land at Earth’s surface, and the sun-driven surface
systems that tear down the land through weathering and erosion. Students begin to examine the ways
that human activities cause feedbacks that create changes to other systems. Students understand the
system interactions that control weather and climate, with a major emphasis on the mechanisms and
implications of climate change. Students model the flow of energy between different components of the
weather system and how this affects chemical cycles such as the carbon cycle.” Pg 80

“The performance expectations in ESS3: Earth and Human Activity help students formulate an answer
to the question: “How do Earth’s surface processes and human activities affect each other?” The ESS3
Disciplinary Core Idea from the NRC Framework is broken down into four sub-ideas: natural resources,
natural hazards, human impact on Earth systems, and global climate change.” Pg. 81

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 HS- LS2-7)
 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.)
ESS1.B: Earth and the Solar System
 Cyclical changes in the shape of Earth’s orbit around the sun, together with changes
in the tilt of the planet’s axis of rotation, both occurring over hundreds of thousands of
years, have altered the intensity and distribution of sunlight falling on the earth. These
phenomena cause a cycle of ice ages and other gradual climate changes. (secondary to
HS-ESS2-4)

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 humangenerated 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 HS- ESS36)
HS-ESS2-2. Analyze geoscience data to make the claim that one change to
Earth’s surface can create feedbacks that cause changes to other Earth
systems. [Clarification Statement: Examples should include climate feedbacks, such as
how an increase in greenhouse gases causes a rise in global temperatures that melts
glacial ice, which reduces the amount of sunlight reflected from Earth’s surface,
increasing surface temperatures and further reducing the amount of ice. Examples
could also be taken from other system interactions, such as how the loss of ground
vegetation causes an increase in water runoff and soil erosion; how dammed rivers
increase groundwater recharge, decrease sediment transport, and increase coastal
erosion; or how the loss of wetlands causes a decrease in local humidity that further
reduces the wetland extent.]
HS-ESS2-4. Use a model to describe how variations in the flow of energy into
and out of Earth’s systems result in changes in climate. [Clarification Statement:
Examples of the causes of climate change differ by timescale, over 1-10 years: large
volcanic eruption, ocean circulation; 10-100s of years: changes in human activity, ocean
circulation, solar output; 10-100s of thousands of years: changes to Earth's orbit and
the orientation of its axis; and 10-100s of millions of years: long-term changes in
atmospheric composition.] [Assessment Boundary: Assessment of the results of
changes in climate is limited to changes in surface temperatures, precipitation patterns,
glacial ice volumes, sea levels, and biosphere distribution.]
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. (HSESS3-4)

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. (HSESS3-5)

 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)
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-ESS3-4. 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 largescale 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.]

