
Earth Systems in my Ahupuaʻa  
TEACHER GUIDE                                                                                        Grade 5 Unit,  © Healthy Climate Communities, Pilot 2019 
 
Unit Overview: 
 
Students will learn about their ahupua’a from past to present as a system with interacting subsystems:  the atmosphere, hydrosphere, 
geosphere and biosphere.  The carbon cycle is used to illustrate how the spheres interact with each other.  Only in the last few 
thousand years, humans have affected Earth systems in Hawaii.  Polynesian/Hawaiians first introduced around 28 plants and 4 animals 
and transformed the landscape in sustainable social ecosystems based on ahupua’a land divisions.  The system was impacted by 
unsustainable changes after the arrival of Europeans who used local natural resources for extraction overseas and introduced 
hundreds of plants and animals.  Students will use what they have learned about Earth Systems and the carbon cycle in their ahupua’a 
to design a plan to make their ahupua’a more sustainable. 
 

Targeted NGSS Performance Expectations / Disciplinary Core Ideas 

Lessons 1-3 

ESS2.A:  Earth Materials and Systems  5-ESS2-1.  Develop a model using an example to describe ways the geosphere, biosphere, 
hydrosphere, and/or atmosphere interact. 

Lesson 4 

ESS3.C:  Human Impacts on Earth Systems  5-ESS3-1.  Obtain and combine information about ways individual communities use 
science ideas to protect the Earth’s resources and environment. 

Lesson 5 
 
ETS1.A:  Defining and Delimiting Engineering Problems  3-5-ETS1-1. Define a simple design problem reflecting a need or a want that 
includes specified criteria for success and constraints on materials, time or cost. 

 
 
 
 
 

1 



Earth Systems in my Ahupuaʻa  
TEACHER GUIDE                                                                                        Grade 5 Unit,  © Healthy Climate Communities, Pilot 2019 
 
Lesson 1   What earth systems are present in my ahupuaʻa? 

● Experiment that models the hydrosphere 
● Color code a model showing components of earth systems 
● Draw a model of the water cycle 
● Complete Worksheet 1 

 
Science & Engineering Practice(s) Disciplinary Core Ideas - DCI(s) Cross-Cutting Concept(s) - CCC(s) 

5-ESS2-1.  Develop a model using an example to describe ways the geosphere, biosphere, hydrosphere, and/or atmosphere 
interact.  [Clarification Statement: Examples could include the influence of the ocean on ecosystems, landform shape, and climate; 
the influence of the atmosphere on landforms and ecosystems through weather and climate; and the influence of mountain ranges on 
winds and clouds in the atmosphere. The geosphere, hydrosphere, atmosphere, and biosphere are each a system.]  

Developing and Using Models 
Develop a model using an example to 
describe a scientific principle. (5-ESS2-1) 
 
 

ESS2.A:  Earth Materials and Systems 
Earth’s major systems are the geosphere 
(solid and molten rock, soil, and 
sediments), the hydrosphere (water and 
ice), the atmosphere (air), and the 
biosphere (living things, including 
humans). These systems interact in 
multiple ways to affect Earth’s surface 
materials and processes. The ocean 
supports a variety of ecosystems and 
organisms, shapes landforms, and 
influences climate. Winds and clouds in the 
atmosphere interact with the landforms to 
determine patterns of weather. (5-ESS2-1) 

Systems and System Models 
 
A system can be described in terms of its 
components and their interactions. 
(5-ESS2-1), (5-ESS3-1) 
 
Energy and Matter 
Tracking energy and matter flows, into, out 
of, and within systems helps one 
understand their system’s behavior. 
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Lesson 1 
Learning Plan: Teacher Supports & Notes 

Introduce - 2 min 
State the lesson objective and post on the whiteboard or other 
visible place on the wall that students can see and refer back to. 
Say, “Today we are going to learn about the Earth’s systems. Our 
Essential Question is: What earth systems are present in our 
ahupuaʻa? We will be able to: explain the four earth systems in 
our ahupuaʻa and in the world. It is important because: (record 
student answers) knowing about our ahupuaʻa helps us take care 
of where we live, so we can study where we live, so we can be 
scientists, so we can solve problems in our careers, etc.” 
 
Engage (Whole Group) - 5 min 
 

1. Tell the students that you have something to show them 
today and need their help to answer a question. 

2. Show students your materials: see through glass bowl, hot 
water, ziplock bag, and bag of dirt/sand. 

3. Ask them what they think will happen if the plastic bag is 
put over the hot water in the bowl and zipped up. Record 
student answers on chart paper in response to the prompt, 
“I wonder…” 

 
Explore (Guided Instruction) - 20 min 

1. Press the bag of dirt/sand against one side of the bowl. 
2. Pour the hot water in the bowl. 
3. Cover the bowl with the plastic bag and seal it. (If you use 

plastic wrap instead, you will need a large rubber band or 
string to get a good seal.) 

4. Put a large piece(s) of ice in the center of the plastic 
covering. Have students observe what is happening and 
respond to the following or similar prompts: 

Strategies Useful to Reach All Learners 
 
Differentiation/Modifications: 

- Partner discussion using sentence frames (Accountable 
Talk or similar question prompting scaffold) 

- Group and partner work 
- Teacher visual model 
- Student repetition of directions and procedure before 

starting guided and independent practice 
- Close proximity 
- Teacher volume and repeating of directions 
- Ask students frequently to explain what they do not 

understand 
- Permission to stand, sit on exercise ball, sit in a quiet 

corner of the room, or take short breaks 
- Chunking of information 
- Modified performance expectation 
- Modified assignment (less items, simplified vocabulary, 

illustrate or orally describe answer, etc.)  
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What do you notice? 
What do you see?  
What is the water doing? 
What is happening to the water in the bowl? Can you see through 
the bowl clearly now? Why? 
What do you think will happen next?  
Do you notice any changes to the top of the plastic wrap? 
What is happened to the water that has collected there? 
Does this remind you of anything you know? 
What happened to the dirt/sand? What does this remind you of in 
real life? 
How is this experiment like the earth? 
If this was happening where our school is, what would each part 
of the model represent? 
 

5. Students respond that the experiment is like the Earth 
because the water in the bowl was like the ocean, lakes, or 
rivers, and the steam that formed was like the beginning of 
clouds, and the droplets on the top of the plastic bag were 
like clouds before it rains, and the drops falling onto the 
dirt was like rain coming down. This is called the water 
cycle. It repeats over and over again continuously. 

6. Tell students: Particles that make up water vapor can’t be 
seen, but combine to form things we can see. What 
particles couldn’t be seen in this investigation? Were they 
there? (Yes.) How do you know? (We could see clouds 
forming. The air got obscured. Water vapor [gas] formed 
into condensation on the plastic.) 

7. Ask students: Why is the water flowing downward on the 
bag of dirt (mountains) to the water in the bowl (ocean)? 
(The gravitational force exerted by Earth on the water pulls 
the water downward toward Earth’s center or the lowest 
point in the land. The flow creates rivers and streams. 

 
 https://youtu.be/S1OzY6dBJ5w  
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Where water collects if it does not make it to the ocean 
creates lakes, ponds, and reservoirs). 

8. Show maps of differently shaped ahupuaʻa and note they 
all have water sources from mountain watersheds and 
ocean access. Note how Hawaiians used the effect of 
gravity on water for their irrigation systems. Maps and links 
provided. 

 
Explain (Guided Instruction) - 60 min 
 

1. Tell students that the water cycle is also called the 
hydrosphere. State the objective: we are going to learn 
about the hydrosphere and make a map of the names of 
the parts of the hydrosphere where we live. They learn the 
vocabulary for the hydrosphere and take notes on 
Worksheet 1. 

2. Students identify the parts of the hydrosphere in Model 1 
Four Spheres and highlight them with a blue crayon.  

3. Explain the water cycle. Underline “Hydrosphere” on 
Worksheet 1 with your blue crayon.  Review some facts 
about the Hydrosphere: Less than 3% is fresh water - 2/3 
of that is in glaciers. Living things need water.  People are 
66% water and  tomatoes are 95% water. Since the earth 
was formed, no new water has been created and no water 
has been lost.  It just changes form as it goes through the 
water cycle: evaporation, (ocean to sky), condensation 
(clouds), precipitation (rain), surface run off (river to 
wetland / ocean)  the rest is trapped by forests, infiltration 
(into the ground and creates groundwater), Transpiration 
(plants to the atmosphere - one tree 70 gallons/day. 
Transpiration takes energy which is why it feels cool in a 
forest.  Water that percolates through soil and rock goes 
into an aquifer underground.  

4. Use a pencil to complete Model 2 Water Cycle.  Label 

 
https://sites.google.com/site/mrmartinson7ss/the-ahupua-a 
 

 
http://islandbreath.blogspot.com/2010/11/ka-mokupuni-o-oahu.ht
ml 
http://islandbreath.blogspot.com/2010/09/mokupuni-o-hawaii.html 
http://www.islandbreath.org/mokupuni/mokupuni.html (Maui 
County) 
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evaporation, condensation, precipitation, runoff, 
groundwater infiltration and transpiration.  Draw arrows 
showing the direction of the cycle.  The cut out in the 
drawing showing an underground water reservoir may 
need clarification.  

5. Tell students:  The surface the water is flowing on is part of 
another sphere, and we are going to see how it is formed 
in Hawaii.  Show dramatic video (less than 2 minutes) of 
recent Hawaiʻi volcanic eruption. 
https://volcanoes.usgs.gov/vsc/movies/movie_173992.html 
Ask students:  How does what you saw in the video relate 
to the formation of the Hawaiian islands?  The islands 
were formed by a “hot spot” under the ocean floor which 
created one island at a time through volcanic eruptions as 
the Earth’s crust moved over that spot.  

6. Tell students: The geosphere is another earth system 
which includes the hot mantle where the lava comes from 
and the hard outer crust of the earth that we usually see. 
They review that the prefix geo- means earth. They learn 
the vocabulary for the geosphere and take notes on 
Worksheet 1. Identify the parts of the geosphere in Model 
1 Four Spheres and highlight them with a brown crayon. 
Underline “Geosphere” on Worksheet 1 with your brown 
crayon.  

7.  How does the way Hawaiʻi was formed affect the 
geosphere here?  Other places have many types of rock 
and metals, Hawai’i is mostly basalt rock made from lava. 
This type of rock is also what we see in black sand 
beaches. There are some cliffs near shorelines that are 
made of limestone formed from the ocean floor. These 
same materials that are in limestone - broken up shells 
and coral - form our white sand beaches.  The very liquid 
lava here also formed our slopey (not steep) volcanoes. 
The geosphere can change quickly with a volcanic 

 
Worksheet 1 
 

 
Model 1 - Four Spheres 
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eruptions, but it mostly changes slowly due to interaction 
with the hydrosphere.  

8. Because the continents were formed from different 
processes, by the crust getting pushed up along fault lines, 
and they were formed much earlier than Hawaii, they have 
different substances in their geosphere.  They have metals 
like iron, aluminum, copper, gold, lead, silver, zinc. Small 
amounts of these minerals are important for the health of 
plants and animals.  They also have fossil fuels were 
created millions of years ago when living things got 
trapped under soil or water and then pressured and 
heated. Plants turned to coal and marine plankton turned 
to oil and gas.  They are called fossil fuels.  Because they 
do not exist in the Hawaii geosphere, we import some 
stone to build with, metals and fossil fuels.  

9. Referring to a chart of landforms, ask students: How does 
the hydrosphere interact with the geosphere landforms 
around us? (The water creates mountains, valleys, 
deltas...through erosion and weathering. You may need 
to review the concepts of erosion and weathering for 
students. 

10.Tell the students they are going to do something to figure 
out what the next sphere is.  Ask them to blow on their 
hands.  Did you see anything on their hand when your 
blew?  No.  Did you feel anything on your hand?  Yes. 
Explain that even though air is made of gases that are 
made of particles too small to be seen, we know it is there 
because we can feel it. The gases that make up air are 
held to earth by gravity in a layer that reaches 6,000 miles 
and protects us from sun’s UV radiation and keeps the 
earth from being as cold as outer space by trapping some 
of the heat radiation created when the sunlight hits the 
surface of the earth. Does anyone know what this layer of 
air is called?  They learn the vocabulary for the 

 Model 2 - Water Cycle 
 

[HYDROSPHERE- click for Hawaii background] 
The hydrosphere is the ice, water vapor, and liquid water in the 
atmosphere, ocean, lakes, streams, soils, and groundwater. 
 
[GEOSPHERE- click for Hawaii background] 
The geosphere includes a very hot and mostly metallic inner 
core; a mantle of hot, soft, solid rock; and a crust of rock, soil, and 
sediments.  
 
[ATMOSPHERE- click for Hawaii background] 
The atmosphere is the envelope of gas surrounding the planet. 
 
[BIOSPHERE- click for Hawaii background] 
The presence of living organisms of any type defines the 
biosphere; life can be found in many parts of the geosphere, 
hydrosphere, and atmosphere. Humans are of course part of the 

7 

https://docs.google.com/document/d/1-LJLwm234nDm5wCd9rFZYmztTs9Kx1-o4pCfxQy7Agg/edit?usp=sharing
https://docs.google.com/document/d/1-LJLwm234nDm5wCd9rFZYmztTs9Kx1-o4pCfxQy7Agg/edit?usp=sharing
https://docs.google.com/document/d/1-LJLwm234nDm5wCd9rFZYmztTs9Kx1-o4pCfxQy7Agg/edit?usp=sharing
https://docs.google.com/document/d/1-LJLwm234nDm5wCd9rFZYmztTs9Kx1-o4pCfxQy7Agg/edit?usp=sharing


Earth Systems in my Ahupuaʻa  
TEACHER GUIDE                                                                                        Grade 5 Unit,  © Healthy Climate Communities, Pilot 2019 
 

atmosphere and take notes on Worksheet 1. Identify the 
parts of the atmosphere in Model 1 Four Spheres and 
highlight them with a purple crayon. Underline 
“Atmosphere” on worksheet 1 with your purple crayon.  

 
11.Ask the students:  Which sphere do you think has not been 

highlighted yet on our model?  Animals and plants.  The 
biosphere is all living things, including plants, animals, 
bacteria and fungi no matter where they are found - in the 
air, on land, in the soil or in the water.  Even when they die 
they are still part of the biosphere until they decompose or 
are burned.  They learn the vocabulary for the biosphere 
and take notes on Worksheet 1. Identify the parts of the 
biosphere in Model 1 Four Spheres and highlight them 
with a green crayon. Underline “Biosphere” on Worksheet 
1 with your green crayon.  

 
Formative Assessment 

● Informal observation  
● Student answers to teacher prompts and questions 
● Completion of Worksheet 1 - grading rubric provided 

biosphere, and human activities have important impacts on all of 
Earth’s systems.  
 
Rubric for Assessment:

 

 
 

Alignment With Standards  

Grade 5 Social 
Studies Benchmarks 
 
Standard 7 
Geography: WORLD 
IN SPATIAL TERMS 
 

CCSS.ELA-LITERACY.W.5.4 
Produce clear and coherent writing in which the development and organization 
are appropriate to task, purpose, and audience 
 
CCSS.ELA-LITERACY.W.5.8 
Recall relevant information from experiences or gather relevant information from 
print and digital sources; summarize or paraphrase information in notes and 
finished work, and provide a list of sources 

Nā Hopena Aʻo Outcome 
Statement(s)  

 
Strengthened Sense of 
Belonging  
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Lesson 2  What earth systems are present in my ahupuaʻa? 
 

● Explore GIS map to identify my ahupuaʻa and elements of the geosphere, hydrosphere and biosphere in it  
● Complete Worksheet #2 
● Identify Hawaiian place names and landforms in the my ahupuaʻa  
● Mo’olelo about place names 

 

Science & Engineering Practice(s) Disciplinary Core Ideas - DCI(s) Cross-Cutting Concept(s) - CCC(s) 

5-ESS2-1.  Develop a model using an example to describe ways the geosphere, biosphere, hydrosphere, and/or atmosphere 
interact.  [Clarification Statement: Examples could include the influence of the ocean on ecosystems, landform shape, and climate; 
the influence of the atmosphere on landforms and ecosystems through weather and climate; and the influence of mountain ranges on 
winds and clouds in the atmosphere. The geosphere, hydrosphere, atmosphere, and biosphere are each a system.] [Assessment 
Boundary: Assessment is limited to the interactions of two systems at a time.] 

Obtaining, Evaluating and 
Communicating Information 
 
Obtain and combine information from 
books and/or other reliable media to 
explain phenomena or solutions to a 
design problem. 

 

ESS2.A:  Earth Materials and Systems 
Earth’s major systems are the geosphere 
(solid and molten rock, soil, and 
sediments), the hydrosphere (water and 
ice), the atmosphere (air), and the 
biosphere (living things, including 
humans). These systems interact in 
multiple ways to affect Earth’s surface 
materials and processes. The ocean 
supports a variety of ecosystems and 
organisms, shapes landforms, and 
influences climate. Winds and clouds in the 
atmosphere interact with the landforms to 
determine patterns of weather. (5-ESS2-1) 

Patterns 
Observed patterns in nature guide 
organization and classification and prompt 
questions about relationships and causes 
underlying them.  
 
 

 
 
Lesson 2 
Learning Plan: Teacher Supports & Notes 
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Introduce 
Tell the students:  Now that we have learned what the earth 
systems are, we are going to look at our own ahupuaʻa to learn 
what earth systems are here and how they help define the shape 
of our ahupuaʻa.  
 
Engage (Whole Group) - 5 min 
1.Open the GIS map.  Depending on computer and internet 
resources, this exercise can be done individually, in groups or as 
a teacher projected demonstration.  
 
2. Ask the students what they notice about the map. Students 
should say it is of Hawaiʻi. It has their island and ahupuaʻa, and 
there are different layers. Students should make the connection 
that the different layers represent different spheres that are 
present in the ahupuaʻa where they live. In this way, they connect 
science and culture. 
3. Ask students what they wonder about the map. 
4. Record answers on chart paper. 
 
Explore (Guided Instruction) - 60 min 
Follow instructions on Earth Systems Worksheet 2. Students will 
look at the geosphere from ocean floor to mountain top.  They will 
look at rainfall, streams, wetlands and watershed boundaries of 
the hydrosphere.  They will look at landscape and coral reefs of 
the biosphere.  For all spheres, they consider what is present in 
their ahupuaʻa and how the spheres helped define the 
boundaries.  Finally, they look for names of geographical features 
in their ahupuaʻa.  

 
 
Explain (Guided Instruction) - 15 min 
Go through worksheet questions orally together asking students 
to volunteer insights they wrote down.  Add additional insights / 

Strategies Useful to Reach All Learners 
 
Differentiation/Modifications: 

- Partner discussion using sentence frames (Accountable 
Talk or similar question prompting scaffold) 

- Group and partner work 
- Teacher visual model 
- Student repetition of directions and procedure before 

starting guided and independent practice 
- Close proximity 
- Teacher volume and repeating of directions 
- Ask students frequently to explain what they do not 

understand 
- Permission to stand, sit on exercise ball, sit in a quiet 

corner of the room, or take short breaks 
- Chunking of information 
- Modified performance expectation 
- Modified assignment (less items, simplified vocabulary, 

illustrate or orally describe answer, etc.)  
 

 
GIS MAP with Hawaii ahupuaʻa and layers representing different 
Earth spheres.  Note: Click ʻContentʻ (the square highlighted in 
blue) after the document opens. 
http://arcg.is/1Tnzr4 
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information as needed.  Students can make additions or changes 
to their worksheets. 
 
Elaborate - 45 min 
If possible, research and add the Hawaiian names for the winds, 
rains, landforms, and bodies of water in your ahupuaʻa and 
include the names on your worksheet. 
 
Share with students the ʻOlelo Noʻeau for this lesson:  
 
I Kamaʻāina I Nā Makani A Me Nā Ua: 
One is seen as a local native by one's knowledge of the winds 
and rains. 
 
Question/free write: Why do you think the early Hawaiians had so 
many names for different rains and winds. What is the 
significance of the Hawaiian names of places? 

● Answer: In old Hawaii the rains and winds were vitally 
important for survival. People were scientific observers of 
their environment and noticed the different features of 
rains and winds in different locations and the effects of 
these rains and winds. Many place names described 
important elements of the place that they were identifying, 
providing scientific and/or cultural information about that 
place. (Opposed to naming a place after a famous person, 
etc.)  If they did not know the winds and rains of their 
ahupuaʻa they were considered a stranger (malihini) not a 
local (kama’aina). 

 
CLOSING - 15 min 
Read short moʻolelo about a place in the studentʻs ahupuaʻa or 
island and how it got its name.  A mo’olelo, No Ka Wai O Ka 
Puna Hou/The Water of Ka Puna Hou, is provided for the 
ahupuaʻa of Waikiki on Oahu if you are not able to find one for 

 
Worksheet #2 (4 pages) 
Student Worksheet #2 and Teacherʻs Edition  
 
 

 
Rubric 2 - for Earth Systems Worksheet #2 
 
Background information about place names: 
https://www.papahanaumokuakea.gov/heritage/kapainoa.html 
 
Place Names of Hawaiʻi (PDF) 
http://ulukau.org/elib/collect/pepn/index/assoc/D0.dir/book.pdf 
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your ahupuaʻa.  
Purpose - Answering the central question: Where do I live? What 
are the names of the places and landforms? How do they 
interact? [Here there are opportunities for CCSS and Hawaii 
Performance and Content Standards through incorporating the 
Hawaiian place names and a little of the moʻolelo.] 
 
 
Evaluate 
Formative Assessment 

● Informal observation  
● Student answers to teacher prompts and questions 
● Completion of Worksheet 2 - grading rubric 2 provided 

 
Formative assessment - opinion writing *optional - 60 min 
Was the ahupuaʻa system a good way to divide and manage the 
land? Why or why not? Use text evidence to support your opinion 
(informational text for article citation can be found in the sources 
listed in the Teacher Background and Resources section or 
another source). Optional: Write a multi-paragraph essay with an 
introduction paragraph, body paragraphs, and conclusion. Use a 
Thinking Map, Power Outline, or other graphic organizer to 
organize your ideas before you write. Edit and revise your work 
before submitting it.  
 
More information about Standards Based Opinion Writing, as well 
as anchor papers can be found at: 
 
https://portal.smarterbalanced.org/library/en/ela-g5-service-anima
ls-annotations.pdf 
https://portal.smarterbalanced.org/library/en/performance-task-wri
ting-rubric-opinion.pdf 
https://portal.smarterbalanced.org/library/en/g5-ela-practice-test-p
t-scoring-guide.pdf 

 
Text only: 
http://ulukau.org/elib/cgi-bin/library?e=d-0pepn-000Sec--11haw-5
0-20-frameset-book--1-010escapewin&a=d&d=D0&toc=0 
 
Rain names: 
http://www.ksbe.edu/imua/article/haanau-ka-ua-hawaiian-rain-na
mes-educates-and-inspires/ 

 
 
Winds and Rains of Hawaii Webquest (full document): 
http://www.webquest.hawaii.edu/kahihi/webquests/topical/energy/
SC6.6.2wind/extras/HawaiiWind&Rain.pdf 

 
 
No ka wai o ka Puna Hou (How Punahou Got its Name) Full text 
and illustrations  

 
http://www.ulukau.org/elib/collect/punahou2/index/assoc/D0.dir/b
ook.pdf 
 
Mo’olelo for different ahupua’a, all islands: 
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https://blogs.ksbe.edu/alohaainaproject/moʻolelo/ 
 
(Background information on ahupuaʻa: 
http://www.kumukahi.org/units/ka_honua/onaepuni/ahupuaʻa 
 
http://ulukau.org/elib/collect/english/index/assoc/D0.dir/doc2
8.pdf 
Full book PDF From the Mountains to the Sea 
http://ulukau.org/elib/collect/english/index/assoc/D0.dir/book
.pdf 
 
http://ulukau.org/elib/collect/ahu/index/assoc/D0.dir/book.pdf 
 

 
Lesson 2 

Alignment With Standards   

Grade 5 Social Studies 
Benchmarks 

 
Topic Chronological Thinking 
Benchmark SS.5.1.1  
 
Topic - Cultural Inquiry 
Benchmark SS.5.6.1  
 
Standard 7: Geography: 
WORLD IN SPATIAL TERMS 
 
 

CCSS.ELA-LITERACY.W.5.4 
Produce clear and coherent writing in which the development and 
organization are appropriate to task, purpose, and audience 
 
CCSS.ELA-LITERACY.W.5.8 
Recall relevant information from experiences or gather relevant 
information from print and digital sources; summarize or paraphrase 
information in notes and finished work, and provide a list of sources 
 
CCSS.ELA-LITERACY.W.5.10 
Write routinely over extended time frames (time for research, reflection, 
and revision) and shorter time frames (a single sitting or a day or two) for 
a range of discipline-specific tasks, purposes, and audiences 
 
CCSS.ELA-LITERACY.W.5.9 
Draw evidence from literary or informational texts to support analysis, 
reflection, and research 

Building Toward Nā 
Hopena Aʻo Outcome 
Statement(s)  

 
Strengthened Sense of 
Hawai‘i 
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LESSON 3  How do earth’s systems interact in my ahupuaʻa?  

● Wind patterns and rainfall  
● Complete Model 3 - Carbon Cycle 
● Carbon cycle activity 
● Identify natural carbon sources and sinks in my ahupuaʻa 

 

Science & Engineering Practice(s) Disciplinary Core Ideas - DCI(s) Cross-Cutting Concept(s) - CCC(s) 

5-ESS2-1.  Develop a model using an example to describe ways the geosphere, biosphere, hydrosphere, and/or atmosphere 
interact.  [Clarification Statement: Examples could include the influence of the ocean on ecosystems, landform shape, and climate; 
the influence of the atmosphere on landforms and ecosystems through weather and climate; and the influence of mountain ranges on 
winds and clouds in the atmosphere. The geosphere, hydrosphere, atmosphere, and biosphere are each a system.] [Assessment 
Boundary: Assessment is limited to the interactions of two systems at a time.] 

Developing and Using Models 
Develop a model using an example to 
describe a scientific principle. (5-ESS2-1) 
 
Develop a model using an example to 
describe a scientific principle. (5-ESS2-1) 
 
Obtaining, Evaluating and 
Communicating Information 
Obtain and combine information from 
books and/or other reliable media to 
explain phenomena or solutions to a 
design problem 

ESS2.A:  Earth Materials and 
Systems  Earth’s major systems are 
the geosphere (solid and molten rock, 
soil, and sediments), the hydrosphere 
(water and ice), the atmosphere (air), 
and the biosphere (living things, 
including humans). These systems 
interact in multiple ways to affect 
Earth’s surface materials and 
processes. The ocean supports a 
variety of ecosystems and organisms, 
shapes landforms, and influences 
climate. Winds and clouds in the 
atmosphere interact with the 
landforms to determine patterns of 
weather. (5-ESS2-1) 
 

Systems and System Models 
A system can be described in terms of its 
components and their interactions. (5-ESS2-1), 
(5-ESS3-1) 
 
Energy and Matter 
Tracking energy and matter flows, into, out of, 
and within systems helps one understand their 
system’s behavior. 
 
Cause and Effect 
Cause and effect relationships are routinely 
identified and used to explain change. (5-PS2-1) 
 
Patterns 
Observed patterns in nature guide organization 
and classification and prompt questions about 
relationships and causes underlying them.  
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Lesson 3 
Learning Plan: Teacher Supports & Notes 

Introduce 
State the lesson objective and post on the whiteboard or other 
visible place on the wall that students can see and refer back to. 
Say, “Today we are going to learn interaction between Earth’s 
systems. Our Essential Question is: How do earth’s systems 
interact in our ahupuaʻa? We will be able to: explain a physical 
way the spheres interact to form our weather, and a chemical way 
they interact to support life in our ahupuaʻa. 
 
Engage - 10 min 
Print and provide Hawaiʻi sphere images for sorting activity. Ask 
students to sort images of different features of Earthʻs spheres 
found in Hawaii into the:  hydrosphere, geosphere, biosphere, 
atmosphere (can be done whole class or in small groups). [Can 
be used as a review activity of previously covered content or an 
informal, formative assessment. Reteach and clarify if students 
are still unclear about the four spheres.] 
 
Ask, was more than one sphere present in the images?  What are 
some questions you have about how the spheres interact?  
 
Each of the 4 spheres is a system that interacts with all the other 
spheres.  Examples already covered: 
The geosphere channels the flow of precipitation from the 
hydrosphere and that flow in turn slowly re-shapes the 
geosphere.  
Plants from the biosphere take in water from the hydrosphere 
through their roots and release it to the air as water vapor through 
transpiration.  
 

 
Map of Average Yearly Rainfall: 
Giambelluca, T.W., Q. Chen, A.G. Frazier, J.P. Price, Y.-L. Chen, 
P.-S. Chu, J.K. Eischeid, and D.M. Delparte, 2013: Online 
Rainfall Atlas of Hawai‘i. Bull. Amer. Meteor. Soc. 94, 313-316, 
doi: 10.1175/BAMS-D-11-00228.1. 
http://rainfall.geography.hawaii.edu/rainfall.html 
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Question:  How do the atmosphere, the hydrosphere and the 
geosphere interact to make it wetter on the windward side? 
 
Phenomenon:  It is wetter on the windward side of all the 
islands. 
Show students picture of the Mean Annual Rainfall in 
Hawaiʻi. 
What do you notice? What questions do you have about the 
phenomenon? (They may wonder if the wind has anything to do 
with it.) 
 
Explore - 15 min 
Look at GIFs provided of different wind patterns (source 
windy.com).  Which pattern do you think we are experiencing 
today? Go to windy.com (if internet is available) to check.  
 
Explain -  10 min 
The most common wind pattern in Hawaii is trade winds.  We call 
them “trade winds” because trading vessels used to rely on them 
to sail their routes.  The trade winds are caused by a consistent 
circular pattern of air (atmospheric eddy) to the northeast of 
Hawaii, called the North Pacific High. The North Pacific High 
moves north in the summer making the trade winds stronger and 
more persistent that time of year.  In the winter when it moves 
south, trade winds may be interrupted bringing winds from the 
south west (opposite direction as trades) that we call “Kona” 
winds.  
 
Ask them to recall how the water cycle works and to think how the 
trade winds (atmosphere), and the mountains (geosphere) might 
cause the rain pattern (hydrosphere) we saw on the GIS map: 

● Evaporation forms water vapor over the ocean. 
● The water vapor is carried by wind over the land. 

 
 
Blue is still, green is usual wind, yellow to red is stronger winds. 

 
https://gph.to/2xkbSUa 
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● When the warm, moist air lifts over the windward coasts 
and slopes it cools. 

● Since cool air can hold less moisture, it condenses, 
forming clouds and rain.  

● When the air goes down the mountain on the Leeward 
side, it tends to be dry.  

 
Explain that these are physical interactions between the spheres 
that we can see and feel.  However, there are also important 
interactions where matter passes between the spheres and 
transforms in ways  we can’t see or feel.  These are chemical 
transformations. 
 
Question:  How do the spheres interact in a way that we can’t 
see? 
 
 Watch video on the carbon cycle 4.5 minutes.  It is a lot of 
information, but it will be reviewed again in the teacher-led 
discussion and the carbon cycle activity. 
https://youtu.be/vrDekmRbBVk 

 
Guided instruction - 60 min  
Take out the Model 1 Four Spheres. Tell the students you are 
going to go over the information about the carbon cycle from the 
video again together, and you are going to identify the ways it 
cycles through our ahupuaʻa together on the worksheet as we 
discuss it, then later everyone will create a model by themselves 
on a different worksheet.  
 

1.  When the earth was formed there was a certain amount of 
carbon and no new carbon has ever been created and 
none has ever been lost. It goes in a cycle.  Kind of like the 
water cycle.  Each molecule of carbon is so tiny you can't 
see it.  When a lot of carbon is together, we can see it. 

 
https://gph.is/2NS0TvL 
 

 
https://gph.is/2xgb0Qu 
 

 
https://youtu.be/vrDekmRbBVk 
 
 

17 

https://youtu.be/vrDekmRbBVk
https://gph.is/2NS0TvL
https://gph.is/2xgb0Qu
https://youtu.be/vrDekmRbBVk


Earth Systems in my Ahupuaʻa  
TEACHER GUIDE                                                                                        Grade 5 Unit,  © Healthy Climate Communities, Pilot 2019 
 

One example of this is graphite (pencil led), or when the 
graphite is compressed a LOT by nature, it becomes 
diamonds.  Most of the time, carbon combines with other 
types of molecules and turns into completely different 
substances. 

 
2. BIOSPHERE. Carbon is the main ingredient in all living 

things when it mixes with Oxygen (O), Hydrogen (H) or 
Nitrogen (N).  If you take the water out of us, we are 50% 
carbon (C), and plants are more. How do living things get 
C in them? Plants combine energy from the sun with water 
and CO2 to make glucose, or sugar, which is food.  This is 
called photosynthesis.  Animals get the C in the glucose 
from eating plants or eating other animals that eat plants - 
consumption.  When living things die, they store the 
carbon in the dirt.   When they rot (decomposition) or are 
burned (combustion), they release the carbon back into 
the air.  [all together deep breath in / out]  We just 
breathed in air and took the O out and into our 
bloodstream, then combined it there with C from our food, 
and breathed it out as CO2, another way C gets back into 
the air.  That is called respiration.  What images on Model 
1 could represent these parts of the carbon cycle? 

 
3. HYDROSPHERE.  Carbon is in the ocean.  How do you 

think it gets into the ocean?  CO2 from the atmosphere 
diffuses back and forth between the air and the surface 
layer (2% of the carbon in the ocean), but some of it goes 
into the deep layer where it is more concentrated and 
stays a long time (98% of the carbon).  Algae and marine 
plants get CO2 that is dissolved in the water to do 
photosynthesis. It is in their bodies, then other marine life 
eats them and it gets in their bodies (consumption) and 
when they die and decompose it ends up in marine 

 
 

 
Cheat sheet for teachers to remember the steps and flow of balls. 
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deposits on the bottom.  They may become limestone rock 
or fossil fuels (part of geosphere).  Some animals get 
carbon from the water to make their shells and coral. 
When they die, they sink to the bottom and become 
limestone.  Fresh water that runs into the ocean brings 
carbon when there are dead plants or animals in the water. 
What images on Model 1 could represent these parts of 
the carbon cycle?  

 
4. Geosphere. In the earth’s crust, more than 99% of carbon 

is stored underground. 80% limestone and 20% is fossil 
fuels.  Limestone is made from sea shells and dead coral. 
Fossil fuels are made from dead plants that were 
compressed and heated under ground for a long time and 
coal ( land plants) and oil or gas (marine plants).  What 
images on Model 1 could represent these parts of the 
carbon cycle?     (Note: the conditions needed to form 
fossil fuels have been present only at certain times in 
geological history.  Today’s marine algae are not likely to 
become fossil fuels.) 

 
5. Teacher lists responses on the whiteboard as students 

identify and share carbon sources and sinks in their 
ahupuaʻa.  Explain:  A source is the opposite of a sink, it 
releases carbon into the air.  How many sources and sinks 
do you see on the model?  Do you have any other ideas 
that are not on the model?  

○ Sources: burning wood and garbage; car, plane and 
boat engines; power plants and factories; cutting 
down trees; clearing forests for farming or 
development; and filling wetlands. 

○ Sinks: forests, limestone, coral reefs, wetlands. 
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a. Carbon cycle activity - review natural processes and 
human increased emissions 

 
1. We need 4 volunteers to come up and each one is going 

to be a different sphere of the earth.   Stick a picture from 
the sorting activity representing their sphere to their shirt. 
These balls (or other plentiful object) are going to each 
represent a large quantity of carbon.  

2. Ask the class:  Where is the carbon in the atmosphere? In 
CO2 and methane.  Give one ball to the student 
representing the atmosphere to hold. 

3. Ask the class: Where is the carbon in the biosphere? In 
living things, and dead things before they rot or burn. Give 
two balls to the student representing the biosphere to hold, 
saying there is more carbon in the biosphere than the 
atmosphere. 

4. Bring out the smallest container and tell the class that the 
containers are going to represent the carbon sinks. 
Something that stores carbon and keeps it out of the 
carbon cycle is called a “sink.”  

5. Ask the class: What are the carbon sinks in the biosphere? 
Forests and coral reefs.  Tell the student to put one ball in 
the container and hold the other one. 

6. Ask the class:  How does carbon get back and forth 
between the atmosphere and biosphere?  Photosynthesis, 
respiration, decomposition, combustion. 

7. Tell the two students to pass the one ball they are each 
holding back and forth and say it represents the balance 
exchange of carbon between the atmosphere and the 
biosphere that has gone on for tens of thousands of years. 

8. Ask the class: Where is the carbon in the hydrosphere? 
Dissolved in the ocean water and used by corals to make 
their skeletons and creatures to make their shells.  Give 
the student representing the hydrosphere 3 balls and take 
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out the medium sized container and explain that it 
represents the carbon sink for the hydrosphere.  

9. Ask the class:  What are the carbon sinks in the 
hydrosphere?  Deep ocean water and sediment at the 
bottom of the ocean of decayed marine life. Tell the 
student to put 2 balls in the container and hold one. 

10.  Ask the class:  How does carbon get back and forth 
between the atmosphere and the hydrosphere?  Through 
diffusion on the surface of the ocean and photosynthesis 
of phytoplankton and seaweed.  

11.Tell the two students representing the atmosphere and 
hydrosphere to pass the one ball they are each holding 
back and forth and say it represents the balance exchange 
of carbon between them that has gone on for tens of 
thousands of years. 

12.Ask the class:  Where do you think most of the carbon on 
earth is and what form does it take? Earth’s crust of the 
geosphere. Limestone and fossil fuels.  

13.Give all the rest of the balls to the student representing the 
geosphere and explain that over 99% of carbon on the 
earth are in the geosphere, but you don’t have enough 
balls to represent that.  

14.Give the student the largest container and ask her to put 
all the balls in.  Explain that the carbon in the geosphere 
was all in a sink and was not part of the carbon cycle.  

15.Tell the students:  This is how if went for tens of thousands 
of years with the Geosphere storing most of the carbon on 
earth and the other spheres exchanging small amounts in 
a balanced cycle.  

16.Human disruption:  Then 150 years ago people discovered 
they could take the stored energy - coal - near the surface 
of the ground convert it to usable energy by burning it.  It 
takes some energy to dig it out, but not nearly as much 
energy as it provides.  
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17.Ask the class:  Where did that carbon come from and 
where did it go? From the geosphere to the atmosphere. 
Tell the student representing the Geosphere to give 7 balls 
to the atmosphere. 

18.Tell the class: Then, almost 100 years ago they discovered 
oil in Saudi Arabia that was very cheap to get out of the 
ground and the automobile industry grew.  

19.Ask the class:  Where did that carbon come from and 
where did it go? From the geosphere to the atmosphere. 
Tell the student representing the Geosphere to give 2 balls 
to the atmosphere. 

20.Tell the class: Then about 70 years ago natural gas 
pipelines were laid and people started taking gas out of the 
ground and sending to where people wanted to buy it. 
Also, cement made from limestone became a main 
building material.  

21.Ask the class:  Where did that carbon come from and 
where did it go? From the geosphere to the atmosphere. 
Tell the student representing the Geosphere to give 2 balls 
to the atmosphere. 

22.Ask the class:  Now the atmosphere has too much carbon, 
do you think the biosphere can help absorb some of it 
through photosynthesis?  No, the human population has 
grown so much that we needed to cut down most of the 
forests for farmland and cities.  The biosphere actually 
released some of its stored carbon over the last 100 years. 
Tell the biosphere to give the atmosphere the carbon from 
her “sink.” 

23.Ask the class:  Now the atmosphere really has too much 
carbon, do you think the hydrosphere can help absorb 
some of it through diffusion? Yes, the hydrosphere 
absorbed a lot, but in the process the ocean water became 
more acidic which is bad for the creatures that need to 
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build shells and corals that need to build skeletons.  Tell 
the atmosphere to give the hydrosphere 4 balls.  

24.Tell the atmosphere to hold up the balls she still has. 
25.Ask the class:  Now there is more carbon in the 

atmosphere than there used to be, what is the 
consequence?  More greenhouse gases absorb more heat 
and raise earth’s temperatures - global warming.  Warmer 
temperatures create many changes like sea level rise, and 
more frequent extreme weather events (floods, forest fires, 
droughts) - climate change. 

 
Practice - 15 min 
Students create a model of the carbon cycle on Student Model 3 - 
Carbon cycle.  Use pencil so corrections can be made after 
sharing. These may be messy - that is fine as long as they are 
correct. 
 
Closing - 5 min 
Share your model with a partner using the new vocabulary that 
we learned to explain the carbon cycle. If you added other 
sources or sinks that were not listed on the model, share those 
with your partner and explain why you chose them/how they are 
sources or sinks. 
 
Extension  
Students can create a physical model (diorama, poster, etc.) with 
the information they have learned so far about Earthʻs Systems in 
their ahupuaʻa. Students could present to class, parents, or 
another grade level as an authentic audience 

 
 
Scaffolding: 
One way to modify Student Model 3 - Carbon Cycle is to guide 
the discussion. For example, the teacher can say, “Here is a 
factory. Is it a carbon source or carbon sink? Remember, a 
source produces carbon and a sink reduces, or uses/stores, 
carbon. What do you see in the picture of the factory that makes 
you think it is a source of carbon? Ok, so letʻs draw an arrow from 
the smoke coming out of the factory to the letters CO2 in the 
atmosphere because that is where the extra carbon produced by 
the factory is going. Now letʻs look at the next picture in the map - 
the volcano..." etc. 
 
 
 
 

 

23 



Earth Systems in my Ahupuaʻa  
TEACHER GUIDE                                                                                        Grade 5 Unit,  © Healthy Climate Communities, Pilot 2019 
 
Lesson 3 Standards Alignment 

Alignment With Standards   

Standard 7: Geography: 
WORLD IN SPATIAL 
TERMS-Use geographic 
representations to organize, 
analyze, and present 
information on people, places, 
and environments and 
understand the nature and 
interaction of geographic 
regions and societies around 
the world. 

ELA/Literacy 
 
W.5.8 - Recall relevant information 
from experiences or gather 
relevant information from print and 
digital sources; summarize or 
paraphrase information in notes 
and finished work, and provide a 
list of sources. (5-ESS2-2), 
(5-ESS3-1) 
 

Building Toward Nā Hopena Aʻo Outcome Statement(s)  
 

Strengthened Sense of Aloha  
 
Strengthened Sense of Total Well-being  
 
Strengthened Sense of Hawaiʻi 
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LESSON 4  How have humans affected earth systems in my ahupuaʻa?  

● Reflect on land use pre-arrival of people to the Hawaiian islands, pre-contact in old Hawaii, and post-contact Hawaii 
● Impacts of climate change in Hawaii 
● Calculate carbon flux and storage of my watershed 

 

Science & Engineering Practice(s) Disciplinary Core Ideas - DCI(s) Cross-Cutting Concept(s) - CCC(s) 

5-ESS3-1. Obtain and combine information about ways individual communities use science ideas to protect the Earth’s 
resources and environment. 

Using Mathematics and Computational 
Thinking 
Mathematical and computational thinking at 
the 3–5 level builds on K–2 experiences and 
progresses to extending quantitative 
measurements to a variety of physical 
properties and using computation and 
mathematics to analyze data and compare 
alternative design solutions. 
Describe and graph quantities such as area 
and volume to address scientific questions. 
(5-ESS2-2) 
 
Obtaining, Evaluating, and Communicating 
Information 
Obtaining, evaluating, and communicating 
information in 3–5 builds on K–2 experiences 
and progresses to evaluating the merit and 
accuracy of ideas and methods. 
Obtain and combine information from books 
and/or other reliable media to explain 
phenomena or solutions to a design problem. 
(5-ESS3-1) 

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) 

 

Scale, Proportion, and Quantity 
Standard units are used to measure and 
describe physical quantities such as weight 
and volume. (5-ESS2-2) 
 
Connections to Nature of Science 
Science Addresses Questions About 
the Natural and Material World 
Science findings are limited to questions 
that can be answered with empirical 
evidence. (5-ESS3-1) 
 
Systems and System Models 
A system can be described in terms of its 
components and their interactions. 
(5-ESS2-1), (5-ESS3-1) 
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Lesson 4 
Learning Plan: Teacher Supports & Notes 

Introduce  
Tell students that today they are going to learn how humans have 
affected the earth systems in their ahupuaʻa. Share with them the 
essential question. 
 
Essential Question:  How have humans affected earth 
systems in my ahupuaʻa?  
 
Engage (5 min) 
Show students the picture of the volcanic activity (pictured to 
right). Tell them it is a picture of what happened to form the 
Hawaiian Islands (gradually) 5 million years ago. 
 
Phenomenon:  5 million years ago when the Hawaiian 
islands were formed there were no people or other 
organisms on them. Today they look different.  
Ask students what questions they have about this phenomenon 
and record their answers on chart paper to display in the 
classroom: What do you notice? What do you wonder?  
 
Explore - (30 min) 
Impact of humans on the spheres due to land use change 
and introduction of native species  

1. Discuss: How do you think living things got to Hawaii 
before humans arrived?  They should remember from 
4th grade - wings, waves and water. Explain that Hawaii is 
the most remote island chain in the world and the 
infrequent birds, insects and marine animals that arrived, 
survived and reproduced evolved for millions of years in 
isolation, becoming new species endemic to Hawaiʻi - 
found nowhere else in the world.  

 
 No life yet 
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2. Distribute worksheet (to groups or individuals) of the 
ahupuaʻa with the different biomes and worksheet with the 
native animals. Students cut out the pictures of the 
animals that were the first arrivals to the Hawaiian islands 
and became the native species of these islands. They glue 
them on to the ahupuaʻa in the appropriate biomes. 
 

1. Discuss:  Who were the first people to come to these 
islands?   How do you think the biosphere changed 
when they arrived?  The Polynesians, in voyaging 
canoes about 2,000 years ago. There were many birds 
and fish, but the native plants are not edible to humans 
and there were no large mammals.  However, the 
Polynesians planned ahead and brought with them plants 
and animals that were useful to them.  They also brought 
some stowaways by accident.  Whether they were brought 
on purpose or by accident, they are called introduced 
species.  Some introduced species, like taro do not spread 
easily unless people take care of them.  Taro is not 
invasive.  Other introduced species, like rats, can spread 
all by themselves.  These species are invasive.  The early 
Hawaiians cleared forests so they could have places to 
farm and live.  They built terraces, and irrigation systems, 
they built fishponds. Students cut and glue the early 
Hawaiian agriculture and rat. 

2. Discuss:  When people from other parts of the world 
moved to Hawaii what other kinds of changes to the 
biosphere do you think there were?  With frequent 
arrivals from all over the world many more invasive plants 
and animals arrived.  Many native plants and animals 
became extinct or threatened.  They started commercial 
agriculture for export, clearing large tracts of forest for 
sugar cane and pineapple.  Students cut and glue the 
commercial agricultural uses and the remaining invasive 
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species on to the ahupuaʻa. 
3. Discuss: What impact do you think introduced invasive 

species had on native plants and animals?  Endemic 
species did not face a lot of competition, making many of 
the plants slow growing and delicate.  Many of the animals 
are without defenses because they had no predators. 
Many native species went extinct due to habitat loss, 
disease and predators.  The endemic species co-evolved 
together, often forming mutualistic, or symbiotic, 
relationships. They depend on each other and cannot 
survive without each other.  For example, I’iwi birds have 
beaks the right shape to drink nectar from the flowers of 
the ʻŌhiʻa Lehua trees and in doing so they spread the 
tree’s pollen. Students notice the native species are being 
covered by lack of room in the ahupuaʻa - note that this is 
similar to what happened in the real world. 

4. Discuss: How did the various industries, first 
commercial agriculture, then tourism affect 
immigration to Hawaiʻi?  Who came?  With a growing 
population, what else changed in Hawaiʻi? Immigrants 
from various regions of the world, including Europeans, 
Chinese, Japanese, Portuguese, Koreans, etc. arrived to 
work in Hawaii. A good example to show would be pictures 
of population and development growth over time using 
primary sources if available. They cut and glue the 
urbanization onto their ahupuaʻa.  

5. Students’ ahupuaʻa should be covered disproportionately 
with buildings, factories, agricultural land, harbors, 
shipyards, at this time. Ask students, What do you notice 
about your picture of your ahupuaʻa now? What do 
you wonder?  Towns and cities replaced forests.  New 
rules about land ownership were imposed that changed 
the way water and land was managed and cared for. 
Guide students to make conclusions regarding the other 

 
 
Resource for teacher reference 
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environmental impacts that humans have made to the 
islands from the industrialization and development they 
have created. Ask students, What happened to all of the 
plants and animals? What happens when you have a 
lot of cars, boats, airplanes, power plants, and 
factories? This should lead to a discussion of excess 
carbon dioxide in the atmosphere due to the fossil fuel use 
for powering the cities and moving the vehicles which 
leads to rising temperatures.  Rising temperatures further 
stress the remaining native species. 

 
Explain (30 min) 

● Students make Tree Map or Power Outline to take notes 
on the information provided below. Can be teacher led, 
small group, or partner generated. 

Impact of humans on all the spheres due to increased 
greenhouse gases 

1. Hotter temperatures impact living things on land.  When it 
is too hot, people get sick and even die.  Some native 
species, like the silversword (‘ahinahina), only grow on the 
high elevations of Haleakalā and require cool 
temperatures.  

2.  Hotter ocean temperatures impact living things in the 
ocean.  When the water gets too hot, coral expel the 
microalgae that live in coral polyps and provide food for 
the coral.  Without the algae, the coral turns white or 
“bleaches.”  

3. Some diseases could expand.   Some native Hawaiian 
birds cannot survive in the lowlands due to mosquitoes 
transmitting avian malaria.  With increased temperatures, 
mosquitoes will move further up the mountain slopes to 
areas where the native forest birds have been protected 
until now.  

4. The trade winds are not as steady – bringing less regular 

Tree Map (use for optional Writing Extension also) 
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rainfall. Less rain means there is less fresh water to refill 
the aquifer, and less water that living things around 
streams and wetlands depend on.  

5. There are more frequent storms with heavy rain causing 
flash flooding, damage to infrastructure, runoff, sewage 
discharge, and sedimentation.  

6. The sea level is rising.  This is due to thermal expansion of 
the warmer ocean water as well as to melting of ice 
sheets.  The highest tides and storm surges reach further 
inland than they used to.  Low lying areas will flood. 
 

Writing Extension - Informational Essay  
Students use a Tree Map to organize information to the following 
writing prompt: 
 
“How have humans affected the environment on our island and in 
our ahupuaʻa?” 
 
Use the Tree Map about the impact of humans on the amount of 
greenhouse gases in the 4 spheres to write an informational 
essay explaining those effects using evidence to support 
studentsʻ information. 
 
Math Extension 1 
Scientists gather data and make estimates to quantify the flux 
(flows from one sphere to the other) of greenhouse gases and the 
amount of carbon stored.  This data is necessary for people to 
design effective solutions.  
Every ahupua’a is in a major watershed.  Real data on the 
watersheds on O’ahu is found in Tables 1 and 2.   (Check the 
GIS map layer “major watershed” if you do not know which is 
yours.) 

1.  Take some time explaining and practicing new vocabulary 
and math concepts with students. You may want to use 

 
Worksheet 3

 
 
Table 1 
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some simple example situations and example problems to 
ensure that students understand and are able to use this 
vocabulary effectively. Suggested vocabulary to 
pre-teach/review: flux, sink, watershed, sequestered, 
period of time, emit/emitted, net amount, emissions, 
calculate, transport, formula, annual/annually, 
produce, acre. Using the data from the tables, fill in 
Worksheet 3 with fluxes and sinks for your watershed.  A 
flux is something that happens over a period of time – the 
amount of carbon sequestered in one year from the 
atmosphere, or the amount of carbon emitted in one year 
to the atmosphere.  These will be shown with the arrows 
on your model.  A sink is carbon that is stored for a longer 
period of time. This will be shown in a box on your model.  

2. Calculate the net amount of carbon produced in your 
ahupuaʻa watershed. Just like in economics, net means 
the amount produced minus the amount spent, or in this 
case, stored. To calculate the net amount of carbon 
produced annually in your watershed, use this formula: Net 
Annual Emissions = Carbon Sequestered - (Electric 
Power + Transport + Food + Stuff)  

3. Discuss: How would knowing the net amount (Remember: 
net means the amount of carbon produced minus the 
amount of carbon sequestered, or stored) of carbon 
produced in your ahupuaʻa help scientists? 

           What does the result tell you about the balance in your  
           watershed? 

4. Calculate. Carbon Stored = acres x storage per acre 
5. How does the Carbon Stored compare to Net Annual 

Emissions? What does that result tell you about the 
balance in your watershed? 

 
Math Extension 2 

 
 
Table 2 
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Look at Table 2, “Storage per Acre” and notice that it varies for 
different watersheds from a low of 6.33 to a high of 91.28.  Break 
class into groups and have them look at the data in Table 2 and 
the pie charts of land types in the 2 highest carbon storage 
watersheds and the 2 lowest carbon storage watersheds.  
 
Optional - They could also go back to the GIS map to look at 
these watersheds.  If they do this, they can see if the watersheds 
they are analyzing are wet or dry and they can see the land use 
represented directly on the map.  
 
As a group, discuss and write down 3 possible explanations for 
the different amount of carbon stored in the watersheds.  Use 
data from the tables to support your ideas. Share and discuss as 
a class. 
 
Students should notice: 

● low carbon storage watersheds are more developed (likely 
higher populations) 

● low carbon storage watersheds have more shrubland 
(likely drier) 

● high carbon storage watersheds have more forest (likely 
less population and wetter)  
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Lesson 4 Standards Alignment 

Alignment With Standards   

Standard 7: Geography: 
WORLD IN SPATIAL TERMS 
 
Benchmark SS.5.1.1 
Use chronological order to 
explain causal relationships 
between and among people 
and events 
 
CCSS.MATH.5.OA.1 Use 
parentheses, brackets, or 
braces in numerical 
expressions and evaluate 
expressions with these 
symbols. 
 
CCSS.MATH.5.NBT.7  Add, 
subtract, multiply, and divide 
decimals to hundredths, using 
concrete models or drawings 
and strategies based on place 
value, properties of operations, 
and/or the relationship 
between addition and 
subtraction; relate the strategy 
to a written method and 
explain the reasoning used.  

(For optional writing extension) 
CCSS.ELA-LITERACY.W.5.2 

Write informative/explanatory texts to examine a topic and convey 
ideas and information clearly. 

CCSS.ELA-LITERACY.W.5.2.A 

Introduce a topic clearly, provide a general observation and focus, 
and group related information logically; include formatting (e.g., 
headings), illustrations, and multimedia when useful to aiding 
comprehension. 

CCSS.ELA-LITERACY.W.5.2.B 

Develop the topic with facts, definitions, concrete details, 
quotations, or other information and examples related to the topic. 

CCSS.ELA-LITERACY.W.5.2.C 

Link ideas within and across categories of information using 
words, phrases, and clauses (e.g., in contrast, especially). 

CCSS.ELA-LITERACY.W.5.2.D 

Use precise language and domain-specific vocabulary to inform 
about or explain the topic. 

CCSS.ELA-LITERACY.W.5.2.E 

Provide a concluding statement or section related to the 
information or explanation presented. 

Building Toward Nā Hopena 
Aʻo Outcome Statements -  

 
Strengthened Sense of 
Belonging 
 
Strengthened Sense of 
Excellence 
 
Strengthened Sense of Aloha 
 
Strengthened Sense of Hawai‘i 
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LESSON 5   Design task: Plan a tree planting in your ahupuaʻa  

● Identify priorities for tree planting, identify location and select trees that match 
● Calculate carbon stored to determine tree numbers per species  
● Document expected benefits  
● Re-design using online app 

 

Science & Engineering Practice(s) Disciplinary Core Ideas - DCI(s) Cross-Cutting Concept(s) - CCC(s) 

3-5-ETS1-1. Define a simple design problem reflecting a need or a want that includes specified criteria for success and 
constraints on materials, time, or cost. 

Asking Questions and Defining 
Problems 
  
Define a simple design problem that can 
be solved through the development of an 
object, tool, process, or system and 
includes several criteria for success and 
constraints on materials, time, or cost. 
 
 

ETS1.A:  Defining and Delimiting 
Engineering problems 
Possible solutions to a problem are limited 
by available materials and resources 
(constraints).  The success of a designed 
solution is determined by considering the 
desired features of a solution (criteria). 
Different proposals for solutions can be 
compared on the basis of how well each 
one meets the specified criteria for 
success or how well each takes the 
constraints into account.  

 

Influence of Science, Engineering, and 
Technology on Society and the Natural 
World 
People’s needs and wants change over 
time, as do their demands for new and 
improved technologies. 
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Lesson 5 
Learning Plan:  

Teacher Supports & Notes 

ENGAGE (5 min) 
 
Phenomenon: We already have technology to sequester carbon - trees - 
we can use it to reduce the carbon footprint of our ahupuaʻa right now. The 
amount of carbon stored in rural or undeveloped areas is much more than 
the amount of carbon stored in urban, developed areas. What do you 
notice about this phenomenon? What do you wonder? 
 
EXPLORE (20 min) 

1. Tell the students that today they are going to learn the amount of 
carbon different types of trees can store because trees sequester 
different amounts of carbon depending on the size of their trunks, 
branches and roots. We need to use math to calculate the carbon 
storage by different types and numbers of trees. 

2. Choose one of the trees, for example, the mango tree. Go over 
the data with students. Discuss whether this would be a good 
choice for your ahupuaʻa. Would it be a better choice for certain 
areas over others, and why? They may decide that mango trees 
would be good next to peopleʻs houses but not great in urban 
areas where the falling fruit could create hazards and make a 
mess. Lead students to work with some data, for example, each 
home can support one mango tree. Not everyone likes/wants a 
mango tree. If we calculate that there are 100 homes in our 
ahupuaʻa and half of them will want a mango tree, then we need 
to multiply the amount of carbon stored in 20 years, 3.10 tons, by 
50, the amount of houses that will plant mango trees. Go over 
how to do this multiplication with students. You may want to do a 
few more examples depending on how much support the students 
need before they can work independently with the data. 

3. Generate a chart of considerations with students before they 
make their design plan. For example, how large the trees will 
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become, if they like sun, shade, water, no water, high and low 
temperatures, etc. Also, if the trees are more suited for 
reforestation, windbreaks in agricultural areas, around peopleʻs 
homes, in landscaping in towns or parks, etc. They should 
consider if the tree produces materials that are useful for humans. 

 
 
TASK: Design a tree planting plan in your ahupuaʻa. 
  
CONSTRAINTS  Characteristics of trees must be considered. 

1. Carbon stored– In 20 years’ time, the total Tons of CO2 stored in 
your trees must add up to at least 23.  This is the average amount of 
carbon a person used each year in your ahupuaʻa.  The planting 
would sequester just this year’s (over time).  

2. Right tree in the right place– Match the altitude and rainfall color 
bars where you want to plant. (Teacher may have to demonstrate to 
class first, for example using the mango tree and explaining how 
altitude and rainfall is measured.) 

3. Mix– You need a mix of at least three types of trees in case of a pest 
or inability of one type of tree to adapt to the changing climate. 

4. Spacing – Look at the tree canopy spread to see how far apart to 
plant trees from each other. 

  
CRITERIA 
Choose one or more. 

1. Urban trees–  Trees by buildings, streets, and parks reduce extra 
CO2 because they reduce temperatures and then less AC is used. 
They also make people healthier by cleaning the air, protecting their 
skin from sun, and providing beauty.  Trees that drop a lot of fruit, 
nuts or spiny leaves are hazardous in urban areas unless they are 
well maintained. 

2. Economic benefits– Trees can produce food for the owners to eat 
or sell.  They can produce wood that the owners sell to make things 
and as long as that wood doesn’t rot, the carbon stays out of the air. 
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3. Biodiversity– Planting native trees protects them from going extinct. 
It also provides habitat for native birds, insects and snails that might 
go extinct.  

4. Watershed protection– Trees on mountainsides absorb rainfall and 
prevent runoff and erosion that threatens our streams, wetlands and 
coral reefs.  Trees in dry places help keep moisture in the area even 
after the rain stops. 

  
Display 
Mark your map where your planting area/s will be. For those with access to 
computers, it could be done in iTree Design (https://design.itreetools.org/). 
Draw a picture of what your trees will look like in that place when they are 
mature. 
Write one page listing the types and number of trees, stating the total 
carbon that would be stored, and explaining why you make the choices you 
did. 
  
Part Two: Redesign 

1. Present your model to the class. Each small groupʻs findings (amount 
of carbon sequestered and design plan) will be recorded on a 
classroom chart visible to all the students. 

2. Class discussion - Which designs were the most effective and why? 
Were any design choices ineffective? Why? If you could design 
anything differently what would you change and why? 

3. Redesign Task - Small group challenge to redesign your plan making 
changes to increase the amount of carbon sequestered and make 
design choices that are most likely to be adopted by local area 
residents due to benefits. 

4. Share out - What did your group differently in the second challenge? 
Record student changes on the class chart. 

5. Class voting for best design - anonymous. Total and announce the 
winners! 

 
Post task reflection - 
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Is it realistic for every person in your ahupuaʻa to plant that many trees 
every year? How can we make the number of trees needed each year go 
down?  By reducing our emissions through our own actions on food and 
stuff, producing less trash, using less electricity and gas.  If the whole state 
moves to renewable power and transport, that will be much simpler for all 
the people who live here to reduce their emissions.  

 
Lesson 5 Standards Alignment 

  

CCSS.MATH.CONTENT.5.NBT.A.1 
Recognize that in a multi-digit number, a digit in one place represents 10 times as much as it 
represents in the place to its right and 1/10 of what it represents in the place to its left. 

CCSS.MATH.CONTENT.5.NBT.A.3 

Read, write, and compare decimals to thousandths. 

CCSS.MATH.CONTENT.5.NBT.A.4 

Use place value understanding to round decimals to any place. 

CCSS.MATH.CONTENT.5.NBT.B.5 

Fluently multiply multi-digit whole numbers using the standard algorithm. 

CCSS.MATH.CONTENT.5.NBT.B.7 

Add, subtract, multiply, and divide decimals to hundredths, using concrete models or drawings 
and strategies based on place value, properties of operations, and/or the relationship between 
addition and subtraction; relate the strategy to a written method and explain the reasoning used. 

Building Toward Nā 
Hopena Aʻo 
Outcome Statements  

 
Sense of 
Responsibility 
 
Sense of Hawaiʻi 
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