Grade 6 Science, Unit 7
Weather and Climate

Overview

Unit abstract

In this unit, students formulate an answer to questions such as: “How does water influence weather, circulate
in the oceans, and shape Earth’s surface, and what factors interact and influence weather?” This unit is broken
down into three sub-ideas: Earth’s large-scale systems interactions, the roles of water in Earth’s surface
processes, and weather and climate. Students understand how Earth’s geosystems operate by modeling the
flow of energy and cycling of matter within and among different systems. A systems approach is also
important here, examining the feedbacks between systems as energy from the sun is transferred between
systems and circulates though the ocean and atmosphere. The crosscutting concepts of cause and effect,
systems and system models, and energy and matter are called out as organizing concepts for these disciplinary
core ideas. In this unit, students are expected to demonstrate proficiency in developing and using models and
planning and carrying out investigations, and they are expected to use these practices to demonstrate
understanding of the core ideas.

Essential questions
e How does water cycle through Earth’s systems?

e How do the motions and interactions of air masses affect changes in weather conditions?

e How do the unequal heating and rotation of the Earth determine regional climates?
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Grade 6 Science, Unit 7 Weather and Climate

Written Curriculum

Next Generation Science Standards

MS. Earth’s Systems

Students who demonstrate understanding can:

MS-ESS2-4. Develop a model to describe the cycling of water through Earth’s systems driven by energy
from the sun and the force of gravity. [Clarification Statement: Emphasis is on the ways water
changes its state as it moves through the multiple pathways of the hydrologic cycle. Examples of
models can be conceptual or physical.] [Assessment Boundary: A quantitative understanding of the
latent heats of vaporization and fusion is not assessed.]

The performance expectations above were developed using the following elements from the NRC document A
Framework for K-12 Science Education:

Practices ESS2.C: The Roles of Water in Energy and Matter
Developing and Using Models Earth’s Surface Processes = Within a natural or designed
Modeling in 6-8 builds on K-5 = Water continually cycles among system, the transfer of energy
experiences and progresses to land, ocean, and atmosphere via drives the motion and/or cycling
developing, using, and revising transpiratipn, evaporation_, _ of matter. (MS-ESS2-4)
models to describe, test, and predict condensation and crystallization,
more abstract phenomena and and precipitation, as well as
design systems. downhill flows on land. (MS-ESS2-
= Develop a model to describe 4)
unobservable mechanisms. (MS- * Global movements of water and
ESS2-4) its changes in form are propelled
by sunlight and gravity. (MS-
ESS2-4)

Connections to other DCIs in this grade-band: MS.PS1.A (MS-ESS2-4); MS.PS2.B (MS-ESS2-4); MS.PS3.A (MS-
ESS2-4); MS.PS3.D (MS-ESS2-4)

Articulation of DCIs across grade-bands: 3.PS2.A (MS-ESS2-4); 4.PS3.B (MS-ESS2-4); 5.PS2.B (MS-ESS2-4);
5.ESS2.C (MS-ESS2-4); HS.PS2.B (MS-ESS2-4); HS.PS3.B (MS-ESS2-4); HS.PS4.B (MS-ESS2-4); HS.ESS2.A (MS-
ESS2-4);, HS.ESS2.C (MS-ESS2-4); HS.ESS2.D (MS-ESS2-4)

Common Core State Standards Connections: NJA
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Grade 6 Science, Unit 7

Weather and Climate

MS. Weather and Climate

Students who demonstrate understanding can:

MS-ESS2-5.

Collect data to provide evidence for how the motions and complex interactions of air masses
results in changes in weather conditions. [Clarification Statement: Emphasis is on how air masses
flow from regions of high pressure to low pressure, causing weather (defined by temperature, pressure,
humidity, precipitation, and wind) at a fixed location to change over time, and how sudden changes in
weather can result when different air masses collide. Emphasis is on how weather can be predicted within
probabilistic ranges. Examples of data can be provided to students (such as weather maps, diagrams, and

visualizations) or obtained through laboratory experiments (such as with condensation).] [Assessment
Boundary: Assessment does not include recalling the names of cloud types or weather symbols used on
weather maps or the reported diagrams from weather stations.]

The performance expectations above were developed using the following elements from the NRC document A Framework

for K-12 Science Education:

Science and Engineering Practices

Planning and Carrying Out
Investigations

Planning and carrying out investigations
in 6-8 builds on K-5 experiences and
progresses to include investigations
that use multiple variables and provide
evidence to support explanations or

ESS2.C: The Roles of Water in

Earth’s Surface Processes

= The complex patterns of the
changes and the movement of water
in the atmosphere, determined by
winds, landforms, and ocean

Crosscutting Concepts

Cause and Effect
= Cause and effect relationships may
be used to predict phenomena in
natural or designed systems. (MS-
ESS2-5)

solutions.

= Collect data to produce data to
serve as the basis for evidence to
answer scientific questions or test
design solutions under a range of
conditions. (MS-ESS2-5)

temperatures and currents, are
major determinants of local weather
patterns. (MS-ESS2-5)

ESS2.D: Weather and Climate

= Because these patterns are so
complex, weather can only be
predicted probabilistically. (MS-
ESS2-5)

Connections to other DCIs in this grade-band: MS.PS1.A (MS-ESS2-5); MS.PS2.A (MS-ESS2-5); MS.PS3.A (MS-ESS2-5);
MS.PS3.B (MS-ESS2-5)

Articulation of DCIs across grade-bands: 3.ESS2.D (MS-ESS2-5); 5.ESS2.A (MS-ESS2-5); HS.ESS2.C (MS-ESS2-5);
HS.ESS2.D (MS-ESS2-5)

Common Core State Standards Connections:

ELA/Literacy —
RST.6-8.1
RST.6-8.9

WHST.6-8.8
Mathematics —

MP.2
6.NS.C.5

Cite specific textual evidence to support analysis of science and technical texts. (MS-ESS2-5)

Compare and contrast the information gained from experiments, simulations, video, or multimedia
sources with that gained from reading a text on the same topic. (MS-ESS2-5)

Gather relevant information from multiple print and digital sources; assess the credibility of each source;
and quote or paraphrase the data and conclusions of others while avoiding plagiarism and providing basic
bibliographic information for sources. (MS-ESS2-5)

Reason abstractly and quantitatively. (MS-ESS2-5)

Understand that positive and negative numbers are used together to describe quantities having opposite

directions or values (e.g., temperature above/below zero, elevation above/below sea level, credits/debits,
positive/negative electric charge); use positive and negative numbers to represent quantities in real-world
contexts, explaining the meaning of 0 in each situation. (MS-ESS2-5)
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Grade 6 Science, Unit 7 Weather and Climate

MS. Weather and Climate

Students who demonstrate understanding can:

MS-ESS2-6. Develop and use a model to describe how unequal heating and rotation of the Earth cause
patterns of atmospheric and oceanic circulation that determine regional climates. [Clarification
Statement: Emphasis is on how patterns vary by latitude, altitude, and geographic land distribution.
Emphasis of atmospheric circulation is on the sunlight-driven latitudinal banding, the Coriolis effect, and
resulting prevailing winds; emphasis of ocean circulation is on the transfer of heat by the global ocean
convection cycle, which is constrained by the Coriolis effect and the outlines of continents. Examples of
models can be diagrams, maps and globes, or digital representations.] [Assessment Boundary: Assessment
does not include the dynamics of the Coriolis effect.]

The performance expectations above were developed using the following elements from the NRC document A Framework
for K-12 Science Education:

Science and Engineering Crosscutting Concepts
Practices ESS2.C: The Roles of Water in Systems and System Models

Developing and Using Models Earth’s Surface Processes = Models can be used to represent
Modeling in 6—8 builds on K-5 « Variations in density due to variations systems and their interactions—
experiences and progresses to in temperature and salinity drive a such as inputs, processes and
developing, using, and revising global pattern of interconnected ocean outputs—and energy, matter, and
models to describe, test, and predict currents. (MS-ESS2-6) information flows within systems.
more abstract phenomena and ESS2.D: Weather and Climate (MS-ESS2-6)
design systems. = Weather and climate are influenced by
* Develop and use a model to interactions involving sunlight, the

describe phenomena. (MS-ESS2- ocean, the atmosphere, ice,

6) landforms, and living things. These
interactions vary with latitude,
altitude, and local and regional
geography, all of which can affect
oceanic and atmospheric flow
patterns. (MS-ESS2-6)

= The ocean exerts a major influence on
weather and climate by absorbing
energy from the sun, releasing it over
time, and globally redistributing it
through ocean currents. (MS-ESS2-6)

Connections to other DCIs in this grade-band: MS.PS2.A (MS-ESS2-6); MS.PS3.B (MS-ESS2-6); MS.PS4.B (MS-ESS2-6)

Articulation of DCIs across grade-bands: 3.PS2.A (MS-ESS2-6); 3.ESS2.D (MS-ESS2-6); 5.ESS2.A (MS-ESS2-6);
HS.PS2.B (MS-ESS2-6); HS.PS3.B (MS-ESS2-6); HS.PS3.D (MS-ESS2-6); HS.ESS1.B (MS-ESS2-6); HS.ESS2.A (MS-
ESS2-6); HS.ESS2.D (MS-ESS2-6)

Common Core State Standards Connections:

ELA/Literacy -

SL.8.5 Include multimedia components and visual displays in presentations to clarify claims and findings and
emphasize salient points. (MS-ESS2-6)
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Grade 6 Science, Unit 7 Weather and Climate

Clarifying the standards

Prior learning
The following disciplinary core ideas are prior learning for the concepts in this unit of study.
By the end of Grade 5, students know that:

e Most of the Earth’s water is in the ocean, and much of the Earth’s fresh water is in glaciers or
underground.

e Climate describes patterns of typical weather conditions over different scales and variations.
Historical weather patterns can be analyzed.

Progression of current learning

Driving question 1
What are the processes involved in the cycling of water through Earth’s systems?

Concepts Practices
e  Water continually cycles among land, ocean, and e Develop a model to describe the cycling of
atmosphere via transpiration, evaporation, water through Earth’s systems driven by
condensation and crystallization, and energy from the sun and the force of
precipitation, as well as downhill flows on land. gravity.
e Global movements of water and its changes in e Model the ways water changes its state as it
form are propelled by sunlight and gravity. moves through the multiple pathways of

e The cycling of water through Earth’s systems is the hydrologic cycle.

driven by energy from the sun and the force of
gravity.

e  Within Earth’s systems, the transfer of energy
drives the motion and/or cycling of water.

Driving question 2
What is the relationship between the complex interactions of air masses and changes in weather
conditions?

Concepts Practices
e The motions and complex interactions of air e Collect data to serve as the basis for
masses result in changes in weather conditions. evidence for how the motions and complex

interactions of air masses result in changes

e The complex patterns of the changes in and in weather conditions.

movement of water in the atmosphere,
determined by winds, landforms, and ocean
temperatures and currents, are major
determinants of local weather patterns.

e Examples of data that can be used to provide
evidence for how the motions and complex
interactions of air masses result in changes in
weather conditions include weather maps,
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Grade 6 Science, Unit 7

Weather and Climate

diagrams, and visualizations; other examples can
be obtained through laboratory experiments.

Air masses flow from regions of high pressure to

regions of low pressure, causing weather (defined
by temperature, pressure, humidity, precipitation,
and wind) at a fixed location to change over time.

Because patterns of the changes and the
movement of water in the atmosphere are so
complex, weather can only be predicted
probabilistically.

Sudden changes in weather can result when
different air masses collide.

Weather can be predicted within probabilistic
ranges.

Cause-and effect-relationships may be used to
predict changes in weather.

Driving question 3
What are the major factors that determine regional climates?

Concepts

Unequal heating and rotation of the Earth cause
patterns of atmospheric and oceanic circulation
that determine regional climates.

Patterns of atmospheric and oceanic circulation
that determine regional climates vary by latitude,
altitude, and geographic land distribution.

Atmospheric circulation that, in part, determines
regional climates is the result of sunlight-driven
latitudinal banding, the Coriolis effect, and
resulting prevailing winds.

Ocean circulation that, in part, determines
regional climates is the result of the transfer of
heat by the global ocean convection cycle, which
is constrained by the Coriolis effect and the
outlines of continents.

Models that can be used to describe how unequal
heating and rotation of the Earth cause patterns of
atmospheric and oceanic circulation that
determine regional climates can be diagrams,
maps and globes, or digital representations.

Practices

e Develop and use a model to describe how
unequal heating and rotation of the Earth
cause patterns of atmospheric and oceanic
circulation that determine regional
climates.
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Grade 6 Science, Unit 7 Weather and Climate

e Variations in density due to variations in
temperature and salinity drive a global pattern of
interconnected ocean currents.

e  Weather and climate are influenced by
interactions involving sunlight, the ocean, the
atmosphere, ice, landforms, and living things.
These interactions vary with latitude, altitude,
and local and regional geography, all of which
can affect oceanic and atmospheric flow patterns.

e The ocean exerts a major influence on weather
and climate by absorbing energy from the sun,
releasing it over time, and globally redistributing
it through ocean currents.

e Models can be used to represent atmospheric and
oceanic systems and their interactions—such as
inputs, processes, and outputs—and energy,
matter, and information flows within those
systems.

Integration of content, practices, and crosscutting concepts

During this unit, students will answer the question “What factors interact and influence weather and climate?”
beginning with the cycling of water in Earth’s systems. Models will be created and emphasis will be on the
ways water changes its state as it moves through the multiple pathways of the hydrologic cycle. Students will
model the continuous movement of water from land, ocean, and atmosphere via transpiration, evaporation,
condensation and crystallization, and precipitation. Students will focus on the global movement of water and
its changes in form that are driven by sunlight as it heats the Earth’s surface water.

The motions and complex interactions of air masses result in changes in weather conditions. The patterns of
the changes and the movement of water in the atmosphere, determined by winds, landforms, and ocean
temperatures and currents, are major determinants of local weather patterns. Students will collect data from
weather maps, diagrams, visualizations, and laboratory experiments to explain how the movements of air
masses from regions of high pressure to regions of low pressure cause weather at a fixed location. For
example, students can observe the movement of colored water that simulates the movement of hot and cold air
masses. Students can observe the cooler water flowing in the direction of the warmer area and equate this with
wind being created from the uneven heating of the Earth. Students will compare data collected from sources
such as simulations, video, or experiments to identify the patterns of change in the movement of water in the
atmosphere that are used to make weather predictions, understanding that any predictions are reported within
probability ranges. Students will also make predictions about the conditions that result in sudden changes in
weather.

Students will use models, diagrams, maps, and globes to understand atmospheric and ocean circulation
patterns. Since the ocean exerts a major influence on weather and climate by absorbing energy from the sun,
releasing it over time, and globally redistributing it through ocean currents, the ocean will be studied as a
system with interactions such as inputs, outputs, processes, energy, and matter. Students will model how the
unequal heating and rotation of the Earth cause patterns of atmospheric and oceanic circulation that determine
regional climates. They will describe how the unequal heating of the global ocean produces convection
currents. By examining maps, globes and digital representations of the movement of ocean currents, students
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Grade 6 Science, Unit 7 Weather and Climate

will model the patterns by latitude, altitude, and geographic distribution. They will show that these patterns
vary as a result of sunlight-driven latitudinal banding, the Coriolis effect, and resulting prevailing wines.

Digital models like NOAA videos can be used to help students visualize how variations in density due to
temperature and salinity drive a global pattern of interconnected ocean currents. This can be demonstrated in
the classroom using models in which colored water with different temperatures or water with different
densities is added to clear tubs of water. Students can observe that the warmer water is pushed upwards by the
colder water. This same demonstration can be used with water that has different salinities. Using a turntable
and drawing a straight line from the middle to the edge can model the Coriolis effect. If a turntable is not
available, a Lazy Susan is a great substitute. The turntable or Lazy Susan can be painted with chalk paint, and
the students can draw the line using chalk. Using chalk paint and chalk will enable the teacher to use them
over and over. After the turntable is stopped, students will see that the motion of the turntable resulted in a
curved line, and they will then be able to correlate how the rotation of Earth results in the movement of air.

Integration of mathematics and English language arts/literacy

Mathematics

e Reason abstractly and quantitatively by using data such as weather maps, diagrams, and visualizations
or obtained through laboratory experiments to predict weather within probabilities ranges.

e Understand that positive and negative numbers are used together to describe quantities having
opposite directions or values. Use positive and negative numbers to represent changes in atmospheric
and oceanic temperatures, explaining the meaning of 0 in each situation.

English language arts/literacy

e Support the analysis of science and technical texts by citing specific textual evidence for how the
motions and complex interactions of air masses result in changes in weather conditions.

e Compare and contrast the information gained from experiments, simulations, video, or multimedia
sources with information that is gained from reading text about how the complex patterns of the
changes and movement of water in the atmosphere, determined by winds, landforms, and ocean
temperatures and currents are major determinants of local weather patterns.

e  Gather relevant information from multiple print and digital sources about how the complex patterns of
the changes and movement of water in the atmosphere, determined by winds, landforms, and ocean
temperatures and currents, are major determinants of local weather patterns; assess the credibility of
each source; and quote or paraphrase the data and conclusions of others while avoiding plagiarism and
providing basic bibliographic information for sources.

¢ Include multimedia components and visual displays in presentations to clarify information about how
unequal heating and rotation of the Earth cause patterns of atmospheric and oceanic circulation that
determine regional climates.

Future learning

Physical science

e Newton’s law of universal gravitation and Coulomb’s law provide the mathematical models to
describe and predict the effects of gravitational and electrostatic forces between distant objects.

e Forces at a distance are explained by fields (gravitational, electric, and magnetic) permeating space
that can transfer energy through space. Magnets or electric currents cause magnetic fields; electric
charges or changing magnetic fields cause electric fields.
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Attraction and repulsion between electric charges at the atomic scale explain the structure, properties,
and transformations of matter, as well as the contact forces between material objects.

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.

Energy cannot be created or destroyed, but it can be transported from one place to another and
transferred between systems.

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.

The availability of energy limits what can occur in any system.

Uncontrolled systems always evolve toward more stable states—that is, toward more uniform energy
distribution (e.g., water flows downbhill, objects hotter than their surrounding environment cool down).

Although energy cannot be destroyed, it can be converted to less useful forms—for example, to
thermal energy in the surrounding environment.

Electromagnetic radiation (e.g., radio, microwaves, light) can be modeled as a wave of changing
electric and magnetic fields or as particles called photons. The wave model is useful for explaining
many features of electromagnetic radiation, and the particle model explains other features.

When light or longer wavelength electromagnetic radiation is absorbed in matter, it is generally
converted into thermal energy (heat). Shorter wavelength electromagnetic radiation (ultraviolet,
X-rays, gamma rays) can ionize atoms and cause damage to living cells. Photoelectric materials emit
electrons when they absorb light of a high-enough frequency.

Earth and space science

All Earth processes are the result of energy flowing and matter cycling within and among the planet’s
systems. This energy is derived from the sun and Earth’s hot interior. The energy that flows and matter
that cycles produce chemical and physical changes in Earth’s materials and living organisms.

The planet’s systems interact over scales that range from microscopic to global in size, and they
operate over fractions of a second to billions of years. These interactions have shaped Earth’s history
and will determine its future.

Water continually cycles among land, ocean, and atmosphere via transpiration, evaporation,
condensation and crystallization, and precipitation, as well as downhill flows on land.

The complex patterns of the changes and movement of water in the atmosphere, determined by winds,
landforms, and ocean temperatures and currents, are major determinants of local weather patterns.

Global movements of water and its changes in form are propelled by sunlight and gravity. Variations
in density due to variations in temperature and salinity drive a global pattern of interconnected ocean
currents.

Water’s movements—both on the land and underground—cause weathering and erosion, which
change the land’s surface features and create underground formations.

Weather and climate are influenced by interactions involving sunlight, the ocean, the atmosphere, ice,
landforms, and living things. These interactions vary with latitude, altitude, and local and regional
geography, all of which can affect oceanic and atmospheric flow patterns.
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e Because these patterns are so complex, weather can only be predicted probabilistically.

e The ocean exerts a major influence on weather and climate by absorbing energy from the sun,
releasing it over time, and globally redistributing it through ocean currents.

e The solar system consists of the sun and a collection of objects, including planets, their moons, and
asteroids, that are held in orbit around the sun by its gravitational pull on them.

e This model of the solar system can explain eclipses of the sun and the moon. Earth’s spin axis is fixed
in direction over the short term but tilted relative to its orbit around the sun. The seasons are a result of
that tilt and are caused by the differential intensity of sunlight on different areas of Earth across the
year.

e The solar system appears to have formed from a disk of dust and gas, drawn together by gravity.

Number of Instructional Days

Recommended number of instructional days: 19 (I day = approximately 50 minutes)

Note—The recommended number of days is an estimate based on the information available at this time.
Teachers are strongly encouraged to review the entire unit of study carefully and collaboratively to determine
whether adjustments to this estimate need to be made.
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