The focus of this instructional segment is the natural cycles of Earth.
This segment covers natural cycles of the biosphere. The focus of this segment is both the short term and longterm cycles of the Earth and how these cyclic patterns impact the life and climate on Earth.
Student Science Performance
Grade or course: Environmental Science

Title:
Rhythms of Planet Earth

Topic: Rhythms
The amount of time estimated for this instructional unit
is nine weeks for a traditional schedule and 4.5 weeks
for a block schedule.

Performance Expectation for GSE:
SEV1. Obtain, evaluate, and communicate information to investigate energy and cycling of matter
within an ecosystem.
c. Analyze and interpret data to construct an argument of the necessity of the biogeochemical cycles
(hydrologic, nitrogen, phosphorus, oxygen, and carbon) to support a sustainable ecosystem.
e. Plan and carry out an investigation of how chemical and physical properties impact aquatic biomes in
Georgia.
SEV2. Obtain, evaluate, and communicate information to construct explanations of stability and change
in Earth’s system.
a. Analyze and interpret data related to short-term and long-term natural cyclic fluctuations associated with
climate change. (Clarification statement: short-term examples include but are not limited to El Nino and
volcanism. Long-term examples include but are not limited to variations in Earth’s orbit such as
Milankovitch cycles.
b. Analyze and interpret data to determine how changes in atmospheric chemistry (carbon dioxide and
methane) impact the greenhouse effect.
Performance Expectations for Instruction:
● Analyze and interpret data to predict and explain El Nino Southern Oscillation (ENSO) and La Nina as
short-term natural fluctuations which impact global climate.
● Analyze and interpret data to construct an explanation of how volcanic eruptions are considered to be
short term natural fluctuation which impact global climate change.
● Identify short term natural fluctuations associated with climate change.
● Identify long term natural fluctuations associated with climate change.
● Interpret data related to short term and long term natural cyclic fluctuations to describe impacts to
global climate changes.
● Identify how atmospheric conditions as a result of volcanism impacts the greenhouse effect.
● Locate the aquatic biomes of Georgia
● Distinguish between chemical and physical properties of aquatic biomes in Georgia.
● Plan and carry out investigations to determine the chemical and physical properties of aquatic biomes.
● Describe how biogeochemical cycles do not have a beginning and an end.
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● Construct an argument of the necessity of biogeochemical cycles to support a sustainable ecosystem.
Additional notes on student supports
Materials for Georgia’s Aquatic Systems:
● Prepare water samples to represent estuary and ocean ecosystems by using synthetic products such as
Instant Ocean.
● Materials for measuring pH and temperature
● Directions for constructing conductivity meters with common items can be located with a quick
internet search. Conductivity can be an indicator of salinity as well.
● Suspended solids can be a predictor of turbidity. This can be done by collecting a water sample and
allowing it sit. Then calculate the percentage of settled materials of the sample using a 100 mL
graduated cylinder.
● A variety of types of testing methods can be used for dissolved oxygen, nitrates and phosphates. Some
are more complex than others. Cost is related to the complexity and precision of the outcomes.
Materials for El Nino Activities:
●
●
●
●
●

Map of ocean currents and major wind patterns (from Segment 1)
Shallow pan (shoe box size)
Cold water colored with blue food coloring (refrigerated until use) (1 gallon per station)
Cooking oil (25 mL per station)
Paper straws

Students will continuously obtain, evaluate, and communicate information. This is not a linear process.
Students will communicate through writing and discussions to allow for formative assessment. This benefits
the teacher, student, and whole group to guide instruction to clarify misconceptions or extend content.
Engaging Learners

Phenomenon
This is a video of the seasonal productivity of the land and oceans as
measured from space. You may want to skip the title of the video to
create a sense of mystery to the phenomenon. Students should be
looking for patterns and generating questions from this clip that will be
answered throughout this instructional segment. Students should create a
Know and Wonder T-chart in the science journal as they view the clip.

Time lapse- Photosynthesis seen from space

Global Warming Natural Cycle

Obtaining
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1-Students will analyze and interpret data related to long-term cycles of
the variations in Earth’s orbit using the Milankovitch cycles.

Teacher Note: This is a significant change in the GSE from the GPS and
this may not be a familiar concept to all teaching environmental science.
This is a link to a one-page description of the terms obliquity, precession,
and eccentricity.
Description of the Milankovitch Cycle

Milankovitch Cycles

Teacher Background on Climate Change

Earth-Sun Relationships: Milankovitch Cycle

This is a short video explaining the relationship between global
temperature and Earth’s orbital cycles. Is An Ice Age Coming?

El Nino Southern Oscillation
Modeling El Nino Southern Oscillation Resources

●
●
●
●
●

El Nino La Nino Data Sets for Printing
Student Pages
ENSO Cyclic Fluctuations Maps
Sea Surface Temperatures
Relationship between climate and cyclic fluctuations

Students will produce a model of the usual prevailing wind patterns and
the El Nino wind patterns using a shallow pan of cold water and cooking
oil. The Trade Winds are created by blowing through a straw over the
surface of the model.

Students will use the map of currents and prevailing wind patterns
created in segment 1 to provide orientation for the setup of the model.
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Students will use data of Sea Surface Temperatures to continue their
discovery of the El Nino Southern Oscillation by creating an isotherm
contour map of the 1988-1989 El Nino.

Teacher Note: The data sets and maps associated with this investigation
can be copied and laminated for student use. Students will need
individual copies of the color plates to record data on.
Students will compare weather data to ENSO/La Nina patterns using a
website such as Climate Prediction Center
Students will create a T Chart to compare the two patterns
Students will manipulate the data sets to determine a pattern. Students
will develop a CLAIM as to the pattern and then use the C-E-R writing
strategy to support and explain the pattern.

Volcanism - Is there a correlation between volcanic eruptions and
changes to global climate?

Engage students with a painting, “The Scream,” by Edvard Munch of
Norway. The Scream and sketches overlooking the Thames River by
William Ascroft.

Teacher note: These works of art were created following of the eruption
of Krakatau in Indonesia about 1883.

Students will compare the images with attention given to the colors of the
sky and the date of the images (mid 1880’s).
Students will construct a “know and wonder” table in the environmental
science journal.
Students will share with small groups what they noticed about the images
and what questions do they have.

Ask:
● How are these images similar?
Georgia Department of Education
April 2020

● Could you predict the time of day these were depicting? What
would be your evidence?
● Could the artists be depicting the same event?
● What kind of event would impact the colors in the sky?
● Could volcanic eruptions or other natural disasters impact the
weather or climate on the other side of the globe?
Teacher Note: for background here is a reanalysis of the weather data for
1816 following the Tambora eruption. The 1816 ‘year without a summer'
in an atmospheric reanalysis

This background information is to assist teachers as they prepare students
for the capstone at the end of the course. It is important to note it is the
amount of sulfate aerosols that significantly impacts global temperatures.
This provides a basis that volcanic erupts do impact climate/weather.

Students will read the historical account of the Summer of 1816

Gillen D’Arcy Wood, “1816, The Year without a Summer”

Or

Volcanic Eruptions and European History

Students should engage in the text using a researched based strategy such
as PALS (peer assisted learning strategy) or reciprocal teaching.
Independent reading or “popcorn” reading should be avoided.

Students should read with the purpose of how weather events departed
from the climate, impact to crops, wildlife, and humans.

Ask:
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● What was the major change to the weather in each country or
region? (temperature, cloud cover, precipitation)
● How did these changes impact the crops?
● What crops were least impacted by the weather?
● How was wildlife impacted?
● Could these changes have been a result of a natural event or
storm?
● Could these changes have been a result of human activity?
Students will complete the Major Volcanic Eruptions activity using the
map from Unit 1. Major Volcanic Eruptions activity

Students will complete a graphic organizer (atmospheric layers) to
understand the types of materials released during a volcanic eruption,
what part of the atmosphere is impacted as well as how each affects
global weather. Students should begin identifying greenhouse gases in
this process. Students should be able to indicate the major eruptions
(Krakatoa, Tambora, El Chinchon, Pinatubo, Mount St. Helens, the most
recent Eyjafjallajökull in Iceland and Kilauea in Hawaii eruptions as
comparisons) impact on the atmosphere by adding the materials and the
layer which was impacted.
● Sulfur dioxide (sulfate aerosol formation)
● Hydrogen chloride
● Hydrogen fluoride
● Hydrogen sulfide
● Ash
● Carbon dioxide
● Water vapor
Evaluating
Students will then use the C-E-R writing framework to support a claim
about the relationship between long term and short term natural cyclic
fluctuations associated with global climate changes.
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Exploring

Obtaining

4-Show students an image of the five biogeochemical cycles (hydrologic,
nitrogen, phosphorus, oxygen, and carbon).

Students will complete the Biogeochemical cycle card sort.
Biogeochemical Performance Task

Biogeochemical Cycles Reading Guide

Students identify the cycle each term is associated with and creates the
cycle using the cards. Each cycle is color coded while the biotic and
abiotic components of the cycle are identified. The idea that a “cycle”
has no single path should become apparent as each group will arrange the
cards in various ways while still accurately depicting the cycles.

Student could also engage with the biogeochemical cycles by using
interactives. Students should sketch each cycle and then describe its
importance in the environmental science journal. The Habitable Planet at
Annenberg Learner is an excellent resource and includes many
interactives. The Habitable Planet is a multimedia course for high school
teachers and adult learners interested in studying environmental science.
The Web site provides access to course content and activities developed
by leading scientists and researchers in the field.

All cycles
Intro to Biogeochemical Cycles
Or students can research the carbon and nitrogen cycle to find out more.

Class Discussion
Questions and model to initiate class discussion:
Teacher Hint: Show students the basic biogeochemical cycles and
encourage students to share their findings with the class.
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● How are water and oxygen dispersed throughout the biosphere?
● Why are the carbon and oxygen cycles often depicted in the same
diagram?
● What two biological processes are the major components of the
short-term carbon/oxygen cycles?
● Why are producers, consumers, and decomposers important to the
carbon cycle?
● How does the long-term carbon cycle differ from the short-term
carbon cycle?
● How much water enters the hydrologic cycle?
● How does the phenomenon of cycling play a role in ecosystems?
● How does carbon enter the biotic part of the ecosystem?
● Why is nitrogen essential to life?
● How are phosphates incorporated into the organic molecules of
plants and animals?
● Why can we say that the snow on a mountain has some water that
we breathe out from an earlier time?
Teacher Hint: These are just samples of questions that will help guide
your lesson.

5- Water Quality of Georgia’s Aquatic Ecosystems
Marsh, Swamp, Estuary, Pond, Lake, River, Ocean

Students will use the Georgia's Aquatic Ecosystems to locate and identify
the types of aquatic ecosystems found in our state.
Students will also research typical or “normal” values for physical and
chemical factors of these ecosystems in order to make comparisons to the
values they measure in the investigation they plan and carry out.

Students will plan and carry out an investigation of water quality for a
variety of aquatic ecosystems found in Georgia.
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Teacher Notes:
● Prepare water samples to represent estuary and ocean ecosystems
by using synthetic products such as Instant Ocean.
● Suggested physical and chemical properties include
● pH, dissolved oxygen, nitrates, phosphates, conductivity, salinity,
temperature, turbidity, suspended solids, flow rate
● Materials for measuring pH and temperature should be readily
available in all locations.
● Directions for constructing conductivity meters with common
items can be located with a quick internet search. Conductivity
can be an indicator of salinity as well.
● Suspended solids can be a predictor of turbidity. This can be
done by collecting a water sample and allowing it sit. Then
calculate the percentage of settled materials of the sample. Using
a 100 mL graduated cylinder would be recommended.
● A variety of types of testing methods can be used for dissolved
oxygen, nitrates and phosphates. Some are more complex than
others. Cost is related to the complexity and precision of the
outcomes.
Communicating
Students could communicate findings of local aquatic ecosystems to
community members in various formats. The use of technology to create
a public service announcement, a flyer, or other format is recommended.
Formative Assessment of Student Learning
Explaining

Obtaining

Finalizing Model

The purpose of the following activities is to demonstrate to students that
the biogeochemical cycles do not have a “starting point” or an “ending
point” but rather a random cycling of the materials in the environment.
These activities will introduce the potential impact human activities have
on these cycles. The human impact will be specifically addressed in
Instructional Unit 4. It is important for students to gather all the
information in the Environmental Science Journal for use later in the
course.

The Annenberg Learner site has a variety of interactive models of the
biogeochemical cycles. https://www.learner.org

Nitrogen Cycle Game
If I Were An Atom of Nitrogen
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Hydrologic Cycle Game
Teacher Instructions for Hydrologic Cycle Game
Hydrologic Cycle Cards

Ask:

● Do the cycles have a beginning and end? Why? Why not?
● What would the consequences if the fertilizer station only was
“run off” to the surface water?
● How would too much fertilizer impact surface water?
● Why would it be a potential problem if the fertilizer percolated
into the groundwater?
● How are the nitrogen cycle and hydrological cycle interrelated?
Evaluating
Students will construct a model of each cycle in the Environmental
Science Journal. All processes and chemical formulas should be labeled.
Communicating
Students will select one of the cycles and write a children’s story to
describe how one atom/molecule moves through the cycle of their choice.

Elaborating
Applying Model to Solve a
Problems

Students will model the carbon cycle in the marine ecosystem by
conducting an experiment similar to the one described here. This is the
first opportunity students have to make the connection between the
carbon dioxide in our atmosphere with potential negative impacts to the
biosphere. These negative impacts will be addressed specifically in
Instructional Segment 4 and the capstone project. Students will bubble
carbon dioxide through a straw into a container with bromothymol blue.
There should be two color changes if the solution starts on the alkali side.
To represent the ocean pH the solution should be around pH of 8.
(yellow: acidic, green: neutral, blue: basic). Probeware could be used to
quantify the pH as the activity is conducted. Students should record the
amount of time it takes for the color changes to occur.

Earth Labs: Ocean Acidification This website is available through the
Science Education Research Center at Carlton College.
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Ask:
● How did the carbon dioxide affect the pH of your model ocean?
● Predict what would happen if you continued to add carbon
dioxide to your “system”?
● How can the results of this demonstration be expanded to help us
understand the effect of increasing the amounts of carbon dioxide
in the atmosphere on the pH in the ocean?
● How might marine organisms be impacted by changes in pH?
Evaluating
Students will create the carbon cycle from this demonstration in their
Environmental Science Journal. This information will be needed as
students design and investigate during the capstone portion of the course.

Communicating

Construct an argument to support which biogeochemical cycle students
feel is the most important for a sustainable ecosystem. Students will base
their explanations on evidence and the assumption that naturals laws
operate today as they did in the past and will continue to do so in the
future.
C.E.R. Biogeochemical cycle task

SEP, CCC, DCI
Science and Engineering
Practices

Science Essentials
● Developing and using models
● Using mathematical and computational thinking
● Engaging an argument from evidence
● Planning and carrying out investigations

Crosscutting Concepts

● Systems and System Models
● Scale, Proportion, and Quantity
● Energy and Matter
● Stability and Change
● Cause and Effect
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● Structure and Function
Disciplinary Core Ideas

● Structure and Function
● Independent Relationships in Ecosystems
● Ecosystem Dynamics, Functioning, and Resilience
● Cycles of Matter and Energy Transfer in Ecosystems
● Energy in Chemical Processes
● Social Interactions and Group Behavior
● Adaptation
● The Roles of Water in Earth’s Surface Processes
● Weather and Climate
● Human Impacts on Earth’s Systems

Return to top
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Additional Supports for struggling learners:
General supports for the following categories:
Reading:
Writing:
Math:
1. Provide reading support
1. The teacher can provide a
1. The teacher should model
by reading aloud or doing
sentence starter for the
how to create and read a
partner reads
students.
graph including labeling all
2. The teacher should read
2. The teacher can give
the parts of the graph.
and annotate a text with
students an audience to
2. The teacher should provide
students so that the
write to (i.e. Write a letter
graph paper so that students
students may see what the
to your sibling explaining
do not have to free hand a
teacher thinks as they
this topic).
graph. Many students will
read.
3. The teacher can provide
get caught up in the drawing
constructive feedback
and forget basic graphing
during the writing process
concepts.
to help students understand
3. The teacher should provide
the expectations.
some graph reading practice
for students that have
trouble constructing the
graph.
Supports for this specific lesson if needed:
Engage:
1. The teacher should consider showing the video more than once. The teacher should, also, consider
using closed captioning to allow students to access the material in the video.
2. The teacher should consider providing students with a KWL chart to fill in prior to and as they watch
the video.
3. The teacher may need to model how to analyze and interpret data. This will help students understand
the expectations of analyzing data.
4. The teacher may need to provide students with a graphic organizer to organize their thoughts prior to
designing a model.
5. The teacher may want to provide students with the data in a format that students can write on to
record their thoughts as they analyze the data.
6. The teacher should consider providing multiple ways for students to show their knowledge. These
formats could include writing, drawing, verbally explaining or using technology to record a video.
7. The teacher should consider providing multiple ways to help students access the material. The
painting may be a great way to engage some students, but other students may need additional ways to
engage them.
8. The teacher should use intentional and flexible grouping to group students.
9. The teacher should have clear and consistent guidelines for group work. This should help all students
feel comfortable and be more likely to contribute.
10. The teacher should consider providing students with the questions in advance. This allows students to
formulate answers to the questions and then feel comfortable contributing to the larger discussion.
11. The teacher should consider providing students with ways other than reading to access the material.
This ensures that students can access the material even if they have difficulty reading and accessing
the material from text.
12. The teacher may need to provide assistance to students as they fill in the graphic organizer.
13. Some students have difficulty asking questions that they have. So the teacher may need to check in
Georgia Department of Education
April 2020

with students.
14. The teacher should be sure that they provide multiple ways for students to show their knowledge.
These formats could include writing, drawing, verbally explaining or using technology to make a
video.
Exploring:
1. The teacher may need to assist students in completing the card sort.
2. The teacher should consider providing students with multiple options to access the information that is
needed for the lesson.
3. The teacher should have clear and consistent guidelines for class discussions. These guidelines should
assist students in feeling comfortable and be more likely to contribute.
4. The teacher should consider providing students with the questions in advance to allow students
formulate responses prior to the discussion. This will lessen anxiety and make it more likely that
students will participate.
5. Students may benefit from a graphic organizer to organize their thoughts in the planning process.
6. The teacher may need to assist students in the process of testing water quality.
7. The teacher should be sure that they provide multiple ways for students to show their knowledge.
These formats could include writing, drawing, verbally explaining or using technology to make a
video.
Explaining:
1. The teacher should have different instruction formats for students to access the ways of doing the
interactive.
2. The teacher should consider providing students with the questions in advance of the discussion so that
students can formulate responses in advance. Students will feel more comfortable and therefore be
more likely to participate.
3. The teacher should consider providing students with a graphic organizer to organize their thoughts
prior to constructing a model.
4. The teacher should give positive, constructive and clear feedback to students on their model. The
students should have the opportunity to revise their model as needed.
5. The teacher should provide multiple formats for students to show their knowledge. These formats
could include writing, drawing, verbally explaining or using technology to make a video.
Elaborating:
1. The teacher should consider providing students with a graphic organizer to organize their thoughts
prior to designing their model.
2. The teacher may need to repeat directions as students work through designing their model. The
teacher should be sure to emphasize the safety rules as students work on their model.
3. The teacher should consider providing students with questions prior to discussions. This will help
students formulate answers in advance and be more willing to contribute to the larger class discussion.
4. The teacher should be sure to provide multiple ways for students to show their knowledge. These
formats could include writing, drawing, verbally explaining or using technology.
Evaluating:
1. The teacher should provide students with multiple ways to share their knowledge. These formats
could include written, verbally explaining, designing a play, drawing or using technology to make a
video.
2. The teacher should provide positive, constructive and clear feedback to help students make
improvements on their work.
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Description of the Milankovitch Cycle

Return to Instructional Segment
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El Nino La Nina Data Sets
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Modeling El Nino Southern Oscillation (ENSO)
How do El Nino weather patterns impact global climate?
Materials:
● Map of ocean currents and major wind patterns (from Segment 1)
● Shallow pan (shoe box size)
● Cold water colored with blue food coloring (needs to be refrigerated until use) (1 gallon per
station)
● Cooking oil (25 mL per station)
● Straws (paper is preferred)
Procedure:
1. Place the map of the ocean currents and prevailing wind patterns underneath or adjacent to the
shallow pan.
2. The orientation of the pan should be North America on the right and China on the left.
3. Fill shallow pan about half full with cold water.
4. Slowly add the cooking oil. If it seems to mix with the cold water, allow the layers to separate
before continuing.
5. Using the directional arrows on the major wind pattern map, model the trade winds at or near the
equator by blowing through the straw.
6. In the environmental science journal, record your findings by drawing/sketching or with a
written description.
7. Now allow the model to remain undisturbed for a few minutes.
8. Make note of what occurs in the system as the prevailing wind pattern is not present.
9. Two students should blow from the west side of the basin while one student continues to blow
from the east side.
10. In the environmental science journal, record your findings by drawing/sketching or with a
written description.
Analysis:
In this model, what represents each of the following:
● Warm surface current
● Cold surface current
● Trade Winds
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Using the following Temperature Color Key, color the three maps provided by your teacher.
Make sure you color LIGHTLY. You will be writing on top of the colors in the next section
>28o C

26-28o C

24-26o C

22-24o C

20-22o C

< 20o C

Red

Orange

Yellow

Blue

Green

Purple

Create a schematic diagram of these cyclic weather patterns on the maps you colored using information
from a website such as https://www.pmel.noaa.gov/elnino/schematic-diagrams.
➢ Draw in arrows → to indicate the direction of the winds in each map. If there is no wind in that
condition do not label winds. The thickness of the arrow will indicate the speed or persistence
of the wind.
➢ Label any high or low-pressure systems that result from the upper level winds.
Using the data maps provided by your teacher label the What the Precipitation will be like on each map
by writing “W” where wet weather will occur and a “D” where the land will be dry and result in a
drought.
Create a T chart for El Nino and La Nina from the information found at
https://www.climate.gov/news-features/understanding-climate/el-ni%C3%B1o-and-la-ni%C3%B1afrequently-asked-questions
1. Label each map using the characteristics of each shor- term cyclic fluctuation
a. Neutral
b. El Nino
c. La Nina
2. Review the maps, charts, and diagrams provided by your teacher.
3. Compare these documents as well as the maps you colored as you respond to the following
questions:
4. Which year is representative of the usual pattern? Use evidence from your model to support
your claim.
5. How does the data contained in the map support the model created in Part I?
6. When you remove the prevailing wind pattern from the model, what weather pattern is modeled?
Use evidence from your model to support your claim.
7. Which year provides data to support the weather pattern created by a decrease in the Trade
Winds? What is the name given to this pattern?
8. What happens in a La Nina pattern? Predict the nature of the prevailing wind patterns.
9. Using the data provided, add the “normal” jet stream to your wind patterns overlay of your map
from Unit 1. Compare the jet stream wind patterns to the prevailing surface wind patterns. How
does the jet stream influence the short-term cyclic fluctuations?
10. What short term cyclic fluctuation is BEST for each of the following? Be sure to support your
claim with evidence.
● A snow skiing trip to Utah? To West Virginia?
● A winter break trip to the Florida Keys?
● A winter break trip to the New England area?
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11. What is El Nino Southern Oscillation (ENSO)?
12. What regions are most impacted by the cyclic fluctuation known as ENSO?
13. In the Southern Hemisphere over the Pacific Ocean, what direction does the wind typically
originate?
14. What happens to these winds during an ENSO pattern?
15. Compare the 1987 and 1988 maps, describe the difference in the patches of 30o C water. Use
latitude and longitude as you describe the differences.

Return to Instructional Segment
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ENSO Cyclic Fluctuation Maps

__________________________________________________________ – Sea Surface Temperatures (o C)
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__________________________________________________________ – Sea Surface Temperatures (o C)
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__________________________________________________________ – Sea Surface Temperatures (o C)

Return to Instructional Segment
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Sea Surface Temperatures
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Return to Instructional Segment
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Relationship: Climate and Cyclic Fluctuations
Assign student groups either an El Nino, a neutral, or a La Nina year. Students will prepare a “Weather
Gone Viral” or “The Weather that Was segment.” It may be more appropriate to share this graph as the
students present in order to ensure students are able to recognize each of the cyclic fluctuations. Students
could construct this graph as they present on a classroom wall or in the environmental science journal.

●
●
●
●
●
●
●
●
●
●
●
●

Global weather events associated with the cycle from that year
Average winter temperature
Average precipitation
Type of precipitation
Number of hurricanes
Number of tornadoes
Number of deaths associated with extreme weather events
Types of extreme weather events
Estimated value of damage associated with extreme weather events
Impact to plants and animals
Impact to humans
Sea surface temperature map from the event

Return to Instructional Segment
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William Ascroft sketches overlooking the Thames River

The Scream by Edvard Munch (Norway)

Return to Instructional Segment
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Major Volcanic Eruptions

1. How are volcanic eruptions and global climate related?
2. Plot the location of each of the following volcanic eruptions on the World Map found on the back
page.
3. Use the color key below to mark the locations.
V.E.I.

2 or less

3

4

5

6

7

8

Color

Pink

Purple

Blue

Green

Yellow

Orange

Red

Date

V.E.I

Major Volcanic Eruptions
Volcano

o Latitude

o Longitude

Kilauea

19.41 N

155.28 W

2018

4

Feugo

14.47 N

90.88 W

2018

3

Bardarbunga

64.85 N

16.83 W

2014

5

Merapi

7.54 S

110.45 E

2010

4

Pinatubo

15.14 N

120.35 E

1991

6

Hudson Cerro

45.9 S

72.97 W

1991

5

El Chichon

17.3 N

93.2 N

1982

5

St. Helens

46.2 N

122.18 W

1980

5

Agung

8.3 S

115.51 E

1963

5

Cerro Azul

35.66 S

70.76 W

1932

5+

Katla

63.6 N

19.03 W

1918

4

Novarupta

58.23 N

155.12 W

1912

6

Santa Maria

14.8 N

91.55 W

1902

6

Pelee

14.8 N

61.17 W

1902

4

Krakatau

6.1 S

105.42 E

1883

6

Tambora

8.25 S

117.99 E

1815

7

Laki

64.07 N

18.24 W

1783

6

Long Island

5.01 S

144.35 E

1660

6

Bardabunga

64.85 N

16.83 W

1477

6
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Vesuvius

40.82 N

14.43 E

79

5

Santorini

36.39 N

25.46 E

1610 BC

7

Yellowstone

44.40 N

110.70 W

64000 BC

8

4. Are there any difference in the amount of volcanic activity recorded in the Northern Hemisphere as
compared to the Southern Hemisphere?
5. What possible explanation is there for any differences you have noticed?
6. Climatologists have made a claim that only low latitudinal eruptions (20o N and 20o S) can
significantly affect global climate. What evidence would climatologists need to support this claim?
➢ Sort the volcanoes in the list above from greatest VEI to lowest VEI.
➢ Then sort by latitude.
➢ Then sort by longitude.
7. Describe any relationship you have discovered between VEI, latitude, and longitude.
8. Review the data in the following graphs. Determine any relationships between eruptions and
temperature anomalies.
You may need to add the names of a few more volcanoes to establish a more accurate relationship.
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9. After reading articles such as “How do Volcanoes Affect World Climate?” from the October 4, 2005
Scientific American.
➢
➢
➢
➢

List the gases produced by volcanic eruptions
Circle the gasses that are “greenhouse” gasses.
What is the effect in the atmosphere of the sulfur-rich gasses?
What was the average global temperature changes with
o St. Helens
o El Chichon
o Laki
o Krakatau
o Pinatuba
➢ Which of the emissions from volcanic eruptions have the better relationship to changes in the
global climate?
10. Find Kraktau Volcano on the map.
➢ Describe how Munch and Ascroft would be able to see the effects of this volcano as they created
their works of art.
12. Find Tambora volcano on the map.
➢ Describe how this eruption could explain the events in the New England states during the
summer of 1816.
13. Find the Laki volcano on the map.
➢ Explain how Benjamin Franklin could have connected this volcanic eruption to the abnormally
cold climate in both Europe and the United States. “The ground froze early, the first snow
stayed on the ground without melting, the winter was more severe than usual, and there seemed
to be a constant fog over all Europe and a great part of North America.”
14. Make a claim about the relationship between volcanic eruptions and changes in global climate.
Support your claim with evidence from your map, reading, and research. Then link the evidence to
your claim. (Use the C-E-R writing framework for this task.)
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BIOGEOCHEMICAL CYCLES Performance Task
Use your notes and study guide as references.
READ AND FOLLOW THE DIRECTIONS FOR EACH OF THE NUMBERED ITEMS BELOW.
Step 1:
1) Mark an A on all words that represent the Abiotic factors.
2) Mark a B on all the words that represent the Biotic Factors.
3) Mark an N on all words that represent the Nitrogen cycle.
4) Mark a C on all the words that represent the Carbon cycle.
5) Mark a W on all the words that represent the Water cycle.
6) Mark a P on all the words that represent the Phosphorus cycle.
7) Check your work to ensure that all terms are labeled correctly. Each term should have
2 letters on it: (A or B) and (W, C, P, or N)
STEP 2:
8)
9)
10)
11)

Color everything associated with the Water cycle blue.
Color everything associated with the Carbon cycle red.
Color everything associated with the Nitrogen cycle orange.
Color everything associated with the Phosphorus cycle green.

STEP 3:
12) Cut out all terms.
13) Using a piece of construction paper, Create 4 topic headers at the top of the construction
paper: Water Cycle, Nitrogen Cycle, and Carbon Cycle, Phosphorus Cycle.
14) Creatively organize each of the terms under its correct heading and glue on the page.
Note: Not all topics will have the same amount of words under each heading. Some groups will
have more than others. Some terms can be used in multiple groups.
STEP 4: Answer the following questions on the back of the graphic organizer or a separate sheet
of paper.
1) Compare and contrast the Abiotic and biotic factors of an ecosystem.
2) Explain why the term cycle is used to describe the biogeochemical cycles.
3) How does carbon move from the abiotic to the biotic parts of an ecosystem?
4) Compare and contrast the carbon and nitrogen cycles. Specifically, identify which happens
when either exists in very large quantities in the environment.
5) Diagram or draw any one of the 4 biochemical cycles. Label each part of the cycle.
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Use the directions to GROUP, COLOR AND LABEL each TERM.
Nitrogen
Fixation

Condensation

Proteins

Atmosphere

Amino Acids

Rocks

Animals

Trees

Soil

Temperature

CO2

Urine,
Feces

Sunlight

Composers

Plants

Precipitation

Run-off

Grass

Wind

Rocks

Dead Plants
and Animals

Decomposer

Fossil Fuels

Ocean

Nitrogen
Fixing
Bacteria

Evaporation

Cellular
Respiration

Photosynthesis

Synthesis of
Amino Acids

Nitrogen
(N2)

Ammonia
(NH3

Transpiration

Evaporation

Combustion

Plants

H2O

Rivers

Cell
membranes,
teeth and
bones

Percolation

Acid Rain

Global
Warming

Lakes

Very slow
process

Hurricanes,
Not cycle
Earthquakes through the
atmosphere

Sediment and
Rocks

Erosion of
Minerals

Legumes
(Beans,
Peanuts)

CFC’s
Choroflurocarbons

Phosphorus
Cycle

Nitrates,
Nitrites

Groundwater

Plants

Microbes

Run-Off

Fossil Fuels

Oceans

Atmosphere
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Oceans

Biogeochemical Cycles – how chemicals move from the Earth to living things

How does CO2 get into the air? (color – red)

How is the long-term carbon cycle (color –
orange) different from the short-term carbon
cycle?

How is CO2 filtered from the air? (color – blue)

How does carbon get into the soil? (color –
brown)

How do animals get carbon? (color – green)
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Why is phosphorus important to animals?

Phosphorus runoff into ponds can cause an overgrowth of algae called

Where is phosphorus stored? (color –
orange)

How is phosphorus removed for rocks?
(color – blue)

List 3 ways phosphorus enters water.
(color – green)

How does phosphorus get into the soil?
(color – brown)
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How does nitrogen get into the air? (color – red)

How do plants get nitrogen? (color – blue)

How does nitrogen get into the soil? (color –
brown)

How do animals get nitrogen? (color – green)

Nitrogen runoff into ponds can cause an
overgrowth of algae called
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The Hydrologic (Water) Cycle

Transpiration

What is the term for water falling to earth?
(color – blue)

List 3 examples:

Where is water stored? (color – brown)
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Underground –

Above ground –

Give ways water returns to the air? (color
– red)

Which part of the water cycle forms
clouds? (color – gray)

How does the water cycle aid in polluting
ponds, rivers, and other bodies of water?
(color – orange)

Return to Instructional Segment

Georgia’s Aquatic Ecosystems
1. Place a STAR on the map to indicate the location of your school.
2. Label the cities on the map that are indicated by the .
3. Label and trace or outline the major aquatic ecosystems in Georgia. Use the colors noted.
Include the following:
Rivers - Blue
Lakes - Green
Other
◻
◻
◻
◻

Savannah River
Altamaha River
Alapaha River
Chattahoochee
River
◻ Flint River
◻ Satilla River
◻ Ocmulgee River

◻
◻
◻
◻
◻
◻

Ogeechee River
Oconee River
Suwannee River
Etowah River
Ochlocknee River
Withlacoochee
River

◻
◻
◻
◻
◻
◻
◻

Lake Sinclair
Lake Lanier
Lake Blackshear
Allatoona Lake
Lake Oconee
Jackson Lake
West Point Lake

◻ Atlantic Ocean - Red
◻ Saltwater Marshes Yellow
◻ Okefenokee Swamp Brown

Students will produce a presentation for one specific Georgia Aquatic ecosystem.
● Marsh
● Swamp
● Estuary
● Pond
● Lake
● River
● Ocean
You must include the following information for the aquatic ecosystem selected:
1. Thorough description highlighting its importance to Georgia
2. Describe the abiotic factors
a. physical properties (turbidity, flow, temperature, sediments)
b. chemical properties (pH, nitrates, phosphates, ammonia, dissolved oxygen, heavy metals,
salinity)
c. Identify the biogeochemical cycle that is associated with the chemical property
3. Describe the biotic factors (keystone, invasive, endangered, indicator species and biodiversity)
4. Describe the procedure to determine at least 3 of the chemical properties
5. Describe the potential sources and impacts (too much and/or too little) for the following
a. Nitrates
b. Ammonia
c. Phosphates
d. Dissolved oxygen
e. Heavy metals (lead, mercury, etc.)
f. Coliform
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If I were an atom of nitrogen: Simulating the Nitrogen Cycle
Print the station cards and laminate.
Print data sheet for each student.
Divide the students equally around each of the stations.
Provide students with individual die or have 3 dice per station.
Students will record the starting location for the nitrogen cycle.
For each station, students will need to add a description of the process (nitrification,
nitrogen fixation, decay, etc.) taking place as they move through the stations and/or the
chemical formulas (NH3, NO2, etc.) for each of the new materials made.
Students will complete 15-25 rotations depending on the time available in the class
period.
When all rotations have been completed, students will produce a model of the nitrogen
cycle based on the data they have collected.
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ATMOSPHERE
1: Nitrogen (N2) into water in cloud and falls as RAIN WATER in the form of
ammonia (NH3). Record the process and chemical formulas.
2: Blue-green algae and bacteria change you into a solid bring you to the
SOIL. Record the process.
3: Bean plants (legumes) extract you from the air (N2) and bring you to the
SOIL (NH3, NO2, NO3). Record the process and the chemical formulas.
4: Lightning strikes! Nitrogen in the atmosphere is made into a solid (NO3)
and you travel to the SOIL. Record the process and the chemical formulas.
5: Nitrogen (N2) into water in cloud and falls as RAIN WATER in the form of
ammonia (NH3). Record the process and chemical formulas.
6: Lightning strikes! Nitrogen in the atmosphere is made into a solid (NO3)
and you travel to the SOIL. Record the process and the chemical formulas.
Remember to move to the location that is in BLUE!
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SURFACE WATER
1: You percolate deep underground into the GROUNDWATER as ammonia
(NH3). Record the process and the formula.
2: You are just what vegetation need to grow ... nitrate (NO3). You have been
assimilated by VEGETATION.
3: You have traveled from the freshwater ecosystems to the MARINE
ECOSYSTEM as ammonia (NH3).
4: You percolate deep underground into the GROUNDWATER as ammonia
(NH3). Record the process and the formula.
5: You are just what vegetation need to grow ... nitrate (NO3). You have been
assimilated by VEGETATION.
6: You have traveled from the freshwater ecosystems to the MARINE
ECOSYSTEM as ammonia (NH3). Remember to move to the location that is
in BLUE!
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RAIN WATER
1: You fall into a freshwater ecosystem as ammonia (NH3) and you are now
part of SURFACE WATER. Record the process and the formula.
2: You fall on land as ammonia (NH3) and you are now part of the SOIL.
Record the formula.
3: You fall into the MARINE ECOSYSTEM as ammonia (NH3). Record the
formula.
4: You percolate deep underground into the GROUNDWATER as ammonia
(NH3). Record the process and the formula.
5: You fall on land as ammonia (NH3) and you are now part of the SOIL.
Record the formula.
6: You fall into the MARINE ECOSYSTEM as ammonia (NH3). Record the
formula. Remember to move to the location that is in BLUE!
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GROUNDWATER
1: You are pumped up from the ground for irrigation and become part of
SURFACE WATER. Record the formula.
2: You are pumped up from the ground for irrigation and become part of
SURFACE WATER. Record the formula.
3: You travel through the porous layers and become part of the MARINE
ECOSYSTEM as ammonia (NH3). Record the formula.
4: You are pumped up from the ground for irrigation and become part of
SURFACE WATER. Record the formula.
5: You travel through the porous layers and become part of the MARINE
ECOSYSTEM as ammonia (NH3). Record the formula.
6: You travel through the porous layers and become part of the MARINE
ECOSYSTEM as ammonia (NH3). Record the formula. Remember to move to
the location that is in BLUE!
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FERTILIZER
1: You are spread on the land as ammonia (NH3) and become part of the
SOIL. Record the formula.
2: You are dissolved as nitrate (NO3) or nitrate (NO3
) and become part of SURFACE WATER. Record the formula.
3: You just what the vegetation needs and you are assimilated into the
VEGETATION as nitrate (NO3) or ammonia (NH3). Record the formula.
4: You are spread on the land as ammonia (NH3) and become part of the
SOIL. Record the formula.
5: You are dissolved as nitrate (NO3) or nitrate (NO3) and become part of
SURFACE WATER. Record the formula.
6: You just what the vegetation needs, and you are assimilated into the
VEGETATION as nitrate (NO3) or ammonia (NH3). Record the formula.
Remember to move to the location that is in BLUE!
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SOIL
1: You just what the vegetation needs, and you are assimilated into the
VEGETATION as nitrate (NO3). Record the formula.
2: You are dissolved as nitrate (NO3) or ammonia (NH3) and become part of
GROUNDWATER. Record the formula.
3: You just what the vegetation needs, and you are assimilated into the
VEGETATION as nitrate (NO3). Record the formula.
4: Bacteria have transformed you by the process of denitrification into
nitrogen gas (N2) and you return to the ATMOSPHERE.
5: You are dissolved as nitrate (NO3) or ammonia (NH3) and become part of
SURFACE WATER. Record the formula.
6: Bacteria have transformed you by the process of denitrification into
nitrogen gas (N2) and you return to the ATMOSPHERE. Remember to move
to the location that is in BLUE!
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MARINE ECOSYSTEM
1: You just what the vegetation needs, and you are assimilated into the
VEGETATION as nitrate (NO3). Record the formula.
2: You become part of GROUNDWATER in the form of ammonia (NH3 and
nitrates (NO3) as the ocean water intrudes. Record the formula.
3: You just what the vegetation needs, and you are assimilated into the
VEGETATION as nitrate (NO3). Record the formula.
4: Bacteria have transformed you by the process of denitrification into
nitrogen gas (N2) and you return to the ATMOSPHERE. Record the formula.
5: Bacteria have transformed you by the process of denitrification into
nitrogen gas (N2) and you return to the ATMOSPHERE. Record the formula.
6: Bacteria have transformed you by the process of denitrification into
nitrogen gas (N2) and you return to the ATMOSPHERE. Record the formula.
Remember to move to the location that is in BLUE!
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VEGETATION
1: You are in a vegetation that has DIED. Nitrate → Nitrite → Ammonia
2: You just what the animals needs, and you are assimilated by LIVING
ANIMALS. Record the process.
3: You just what the animals needs, and you are assimilated by LIVING
ANIMALS. Record the process.
4: You are in a vegetation that has DIED. Nitrate → Nitrite → Ammonia
5: You just what the animals needs, and you are assimilated by LIVING
ANIMALS. Record the process.
6: You are in a vegetation that has DIED. Nitrate → Nitrite → Ammonia
Remember to move to the location that is in BLUE!
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LIVING ANIMALS
1: You are in an animal that has DIED. Nitrate → Nitrite → Ammonia
2: You have been through the process of ammonification (NO3) and you leave
the animal as WASTE. Record the formulas and the process.
3: You have been through the process of ammonification (NO) →
(NH3)→(NH3) and you leave the animal as WASTE. Record the formulas and
the process.
4: You are in an animal that has DIED. Nitrate → Nitrite → Ammonia
5: You have been through the process of ammonification (NO3) and you leave
the animal as WASTE. Record the formulas and the process.
6: You are in an animal that has DIED. Nitrate → Nitrite → Ammonia.
Remember to move to the location that is in BLUE!
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ANIMAL WASTES
1: You are decomposing into the SOIL. Nitrate → Nitrite ... Record the
formulas and process.
2: You have been packaged by a farm supply company as organic
FERTILIZER.
3: You have dissolved and percolated into the GROUNDWATER. Record the
process.
4: You runoff after a hard rain into the SURFACE WATER. Record the
process.
5: You have been packaged by a farm supply company as organic
FERTILIZER.
6: You are decomposing into the SOIL. Nitrate → Nitrite ... Record the
formulas and process.
Remember to move to the location that is in BLUE!
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DEAD ANIMALS and PLANTS
1: You are decomposed on land and become part of the SOIL. This process is
ammonification and transforms nitrates to ammonia (NH3). Record the
formula and the process.
2: After you decompose and become ammonia (NH3), you are runoff into the
SURFACE WATER after a rain event. Record the formula and the process.
3: You are decomposed in the ocean and become part of the MARINE
ECOSYSTEM as ammonia (NH3). Record the formula and the process.
4: Bacteria have continued to decompose you into ATMOSPHERIC nitrogen
(N2) through the process of denitrification. Record the formula and the
process.
5: You are decomposed on land and become part of the SOIL. This process is
ammonification and transforms nitrates to ammonia (NH3). Record the
formula and the process.
6: Bacteria have continued to decompose you into ATMOSPHERIC nitrogen
(N2) through the process of denitrification. Record the formula and the
process. Remember to move to the location that is in BLUE!
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Instructions for Hydrologic Cycle Activity
Teacher Set Up
Print and laminate the location cards.
Each station will also need 3 dices. You can give each student a die
instead.
Place half of the students at the MARINE ECOSYSTEM station and
the remainder of the students will be evenly distributed to the other
stations while leaving the VEGETATION empty.
Students will complete a minimum of TEN rotations and a maximum
of 25 rotations depending upon time of the class period.
Students will mark on the water cycle diagram as they move through.
They will place a 1 at the place they start, a 2 for the next location
(even if they stay in one place), a 3 for the third location, etc.
Students will record the term for the process which took place for the
move to the next location (evaporation, precipitation, percolation,
etc.)
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https://pubs.usgs.gov/ha/ha730/ch_g/jpeg/G066.jpeg

From here I go to…
1: Marine Ecosystem
2: Stay … roll again
3: Freshwater ecosystems
4: Stay … roll again
5: Groundwater
6: Stay … roll again
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https://upload.wikimedia.org/wikipedia/commons/0/0b/Atmosphere_%286044045761%29.jpg

From here I go to …
1: Clouds
2: Stay … roll again
3: Groundwater
4: Stay … roll again
5: Clouds
6: Stay … roll again
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https://free-images.com/or/cdf0/clouds_clouds_blue_sky.jpg

From here I go to…
1: Glacier
2: Stay … roll again
3: Groundwater
4: Marine Ecosystem
5: Freshwater Ecosystems
6: Atmosphere
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https://images-assets.nasa.gov/image/GSFC_20171208_Archive_e001486/GSFC_20171208_Archive_e001486~orig.jpg

From here I go to…
1: Marine Ecosystem
2: Stay … roll again
3: Groundwater
4: Aquifer
5: Freshwater Ecosystems
6: Atmosphere
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https://c1.staticflickr.com/6/5333/9414676247_b672fb5385_b.jpg

From here I go to…
1: Vegetation
2: Atmosphere
3: Vegetation
4: Aquifer
5: Atmosphere
6: Atmosphere
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https://www.publicdomainpictures.net/pictures/50000/velka/sun-over-ocean.jpg

From here I go to…
1: Stay … roll again
2: Stay … roll again
3: Atmosphere
4: Stay … roll again
5: Stay … roll again
6: Atmosphere
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https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcRi8zc_5hWqVTSsaiDnnU7CnarDkMKzBJl-Uhj_o4tFtyaqnE9qbQ

From here I go to…
1: Stay … roll again
2: Atmosphere
3: Atmosphere
4: Atmosphere
5: Stay … roll again
6: Atmosphere
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http://blog.cleanenergy.org/files/2013/07/P2_SE_map_v2-2-copy_sm.jpg

From here I go to…
1: Marine Ecosystem
2: Atmosphere
3: Groundwater
4: Stay … roll again
5: Stay … roll again
6: Marine Ecosystem
Return to Instructional Segment
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Biogeochemical Cycles Performance Task

Your Assignment:
Write an argument using the C-E-R Format to explain why an assigned biogeochemical cycle is the most
important for a sustainable ecosystem. C-E-R stands for claim, evidence, and reasoning. You must include all
three parts for this assignment. To help you, I have provided an explanation and examples of C-E-R format
essays. The C-E-R rubric below shows how you will be graded. Your argument will require you to use the
information you have learned in class from your notes, a handout as well as require you to do additional
research. Arguments should be proofread for grammatical errors. It may be neatly handwritten or typed.

DUE DATE _________________________

MY TOPIC _________________________

Focus Question: Why is this biogeochemical cycle necessary for a sustainable ecosystem?

Claim: The most important biogeochemical cycle to support a sustainable ecosystem is ________.

Evidence:
Describe your biogeochemical cycle. Use vocabulary from class and notes. How do nutrients such as carbon,
phosphorus, oxygen, nitrogen, and water enter the biotic and abiotic parts of the ecosystem? How do they enter the
atmosphere?

Reasoning:
Why is this cycle so important? What would happen without this cycle? What would happen without one part of it?
What if there was too much or not enough of your nutrient? How does this cycle affect humans?
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C-E-R Rubric
3
Excellent

Claim:
Statement or
conclusion that
answers the focus
question

*Concise statement (1 sentence)

Evidence:
Scientific data that
supports the claim.
The data needs to be
sufficient and
appropriate to
support the claim.

* At least one paragraph.

Reasoning:
Justification that
links the claim and
evidence and
includes appropriate
and sufficient
scientific principles
to defend the claim
and evidence.

*At least one paragraph.

Format and Editing

*Proofread for spelling and mechanical
errors.

*Relates directly to the focus question
*Focuses only on the assigned cycle.

* Several vocabulary terms used to
explain claim, including accurate
statements about your cycle.

2
Acceptable

1

0

Needs
Revision

No
Credit

Only 2 of the
conditions are met,
or all three are
partially met.

Two or
more
condition
s not met.

No claim
was
made.

Only 2 of the
conditions are met,
or all three are
partially met.

Two or
more
condition
s not met.

Does not
provide
evidence.

Only 2 of the
conditions are met,
or all three are
partially met.

Two or
more
condition
s not met.

Does not
provide
reasonin
g or does
not link
evidence
to claim.

Only 2 of the
conditions are met,
or all three are
partially met.

Two or
more
condition
s not met.

Little or
no effort
shown.

*Clear connections to focus question
and claim.

* Illustrates understanding of how your
cycle fits into the “big picture”.
* Incorporates background knowledge,
and makes connections to science
topics studied in class, to draw
conclusions about sustainability.

*Neatly typed or neatly handwritten.
*Each section is clearly labeled.
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