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THE VOYAGE TO THE ARCTIC- WHO WILL MAKE IT TO ICELAND FIRST?
[bookmark: _7s1mq1m0pey4] I.  TEACHER INTRODUCTION TO THE GAME
This is a two-week long project geared towards middle school earth science teachers with modifications for shortening the project and/or scaling it up or down for other grade levels. The project is built for 10 school days with 50-60 minute class periods. This should be used towards    	the end of a school year when students have background knowledge on the following topics: plate tectonics, climate/weather, land formations, and erosion and deposition. Students should also have practice with data analysis and interpretation. This project will follow guidelines outlined in the NGSS. This document includes an overview of the project, a lesson plan for each project day, a rubric for grading the project, and resources for teachers and students. 
Students will pretend that they are on a scientific research vessel on their way to a research outpost in Iceland to share their latest discoveries! Students will be in groups of 4-5 and will complete various tasks in order to move their ship closer to the outpost. All groups must reach Iceland by a certain deadline as determined by the teacher. The first group to get there may receive a prize as determined by the teacher (maybe that group gets to decide the order for the presentations). The teacher decides if the task is complete and if the group gets to move their ship forward or not.
The tasks will focus on using IODP data to create a scientific presentation that can be in the form of a poster, a skit, a slideshow, a book, or other method determined by the teacher. Each task is outlined below and intended to take up a 50-60 minute class period each. Tasks 1-5 will consist of completing activities to decide what topic to present on. It would be ideal for each group to present on a different topic (maybe this can be determined by the current placement of student groups on their “voyage.”). Tasks 6-10 will consist of preparing the presentation. 
This project will meet the following NGSS for Middle School:
· MS-ESS2-2 Earth's Systems: Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at varying time and spatial scales.
· MS-ESS2-3 Earth's Systems:Analyze and interpret data on the distribution of fossils and rocks, continental shapes, and seafloor structures to provide evidence of the past plate motions.
· MS-ESS3-5 Earth and Human Activity:Ask questions to clarify evidence of the factors that have caused the rise in global temperatures over the past century.
· MS-ESS3-2 Earth and Human Activity:Analyze and interpret data on natural hazards to forecast future catastrophic events and inform the development of technologies to mitigate their effects.
· MS-ESS2-2 Earth's Systems:Construct an explanation based on evidence for how geoscience processes have changed Earth's surface at varying time and spatial scales.
[bookmark: _caq7zwf8jgk8]
[bookmark: _euw9gmytmmzf]II. MODIFICATIONS

Teachers should modify any or all aspects of this project to fit their classroom needs. One suggestion may be to simply pull from the activities created in the tasks and use them for a single-day lesson plan. Another suggestion may be to make the activities into rotation stations. This project was created specifically for middle school earth science students with the hopes of providing a fun and interactive way to end the school year! 
[bookmark: _33br84lc2zsb]III.  RULES OF THE GAME FOR STUDENTS
Students will be divided into groups of 3-5 and given a specific role (random or assigned). The roles are as follows:
(1)  Lead Scientist: The role of the lead scientist  is to keep the group focused and on task. They will be checking in with the teacher on their voyage progress and keep spirits high! They will be in charge of introducing their group and topic during the presentation.

(2)  Lab Assistant(s): The role of the lab assistant (1-2 students) is to keep track of the completed and uncompleted tasks of the group. They will be keeping track of time and help the lead scientists stay up-to-date on their voyage progress. They will be in charge of finding data/resources and dividing it out among their group.

(3)  Transcriber(s): The role of the transcriber (1-2 students) is to maintain the checklist document found for each of the tasks. They will be responsible for passing this information to the lab assistants. The transcriber(s) will be in charge of king the list of credits for the resources used in their group presentation. The checklist is pasted after the section labeled IV. TASK
 
All students should be reminded that they are working together and the work should be shared equally. Once the roles have been assigned and explained students should draw and design their own research vessel with a name to put on the poster. Students should begin with TASK 1 and go in sequential order, only moving forward when the teacher has allowed them to do so. The teacher will be in charge of moving the ships along the map. If a group completes a TASK, and has permission to move on to the next before the class period is over, they may do so. This will result in winning “A BADGE OF HONOR (BOH)”. The first group to complete task 5 gets to pick their topic for presentation and the first group to complete task 9 gets to decide on the presentation order. The presentations will be in PowerPoint/Google Slides and should be 6-8 minutes long (can be modified based on age group and class time). This map can be printed or projected and used to keep track of the progress of each group: The Voyage of the Arctic Map (Be sure to have the groups name the ship!)
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[bookmark: _fgp3r188dev0]IV.  TASKS (colors correlate to lesson plan documents)

1. Students may choose from the following activities:
a.   Plate Tectonics
b.   Earthquakes

2. Students may choose from the following activities:
a.   Climate vs. Weather
b.   Feedback loops

3. Students may choose from the following activities:
a. Explore Sediment Cores
b. HOT HOUSE vs. COLD HOUSE 

4. Students may choose from the following activities:
a. Global ocean conveyor belt
b. Transgressive vs regressive boundaries

5. Students may choose from the following activities:
a. Tipping points
b. Greenhouse gases 	

6. Students should choose their topic to present on from the activities above (climate vs      
weather, feedback loops, sediment cores, hot house vs cold house, tipping points, greenhouse gases, plate tectonics, ocean global conveyor belt, or other) and create an outline for their presentation.

7. Students should gather resources/data for their presentations. Here is a list of resources to get started: 
United States Geological Survey https://www.usgs.gov/ 
American Geophysical Union https://www.agu.org/ 
National Oceanic Atmospheric Association https://www.noaa.gov/ 
International Ocean Drilling Program http://iodp.tamu.edu/ 

8. Students should continue to gather resources/data and start making their presentations.

9. Students should finalize and practice their presentations.

10. Presentation Day! The rubric for grading is found after the “Task Completion Checklist” (page 8).  
[bookmark: _k9rw27jeo1c7]
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[bookmark: _qe42q2uvax94]V.  BADGES OF HONOR (colors correlate to lesson plan documents)
	
	Badge
	Description

	Completion of Task One
BOH - Marie Tharp
	[image: ]
	THE MARIE THARP AWARD
Marie Tharp (July 30, 1920 – August 23, 2006) was an American  geologist and oceanographic cartographer who made significant contributions in creating the first scientific map of the Atlantic Ocean floor. Her maps revealed the presence of the Mid-Ocean Ridge and led to the acceptance of the theory of plate tectonics. 

	Completion of Task Two   BOH -Marilyn Suiter

	[image: ]
	THE MARILYN SUITER AWARD

Marilyn Suiter is a modern American geologist whose professional career has spanned teaching, working in the oil and gas industry, and public service. In her leadership roles at both the American Geosciences Institute and the National Science Foundation, Suiter has worked over decades to increase the ethnic diversity of the geosciences.

	Completion of Task Three
BOH - Florence Bascom

	[image: ]
	THE FLORENCE BASCOM AWARD

Florence Bascom (July 14, 1862- June 18, 1945) was the second woman to earn her PhD in geology in the United States in 1893. She became the first woman to work for the United States Geological Survey in 1896. 

	Completion of Task Four
BOH - Kathryn Dwyer Sullivan  

	[image: ]
	THE KATHRYN DWYER SULLIVAN AWARD
Kathryn Dwyer Sullivan (born October 3, 1951) is an American geologist and a former NASA astronaut. A crew member on three Space Shuttle missions, she was the first American woman to walk in space on October 11, 1984. On June 7, 2020, she became the first woman to dive to the Challenger Deep in the Mariana Trench, the deepest part of the Earth's oceans.

	Completion of Task Five
BOH- Robbie Gries

	[image: ]
	THE ROBBIE GRIES AWARD 
Robbie Gries is a modern American petroleum geologist who was the first female president of the American Association of Petroleum Geologists, president of the Geological Society of America, and founder of Priority Oil & Gas LLC. Gries is noted to have made some influential progress for women in this field. 
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VI. VOYAGE TO THE ARCTIC- RESEARCH VESSEL TEMPLATE


 








[bookmark: _sfi4259v8bih]

[bookmark: _1rm3icrd4sps]VII. VOYAGE TO THE ARCTIC- TASK COMPLETION CHECKLIST

	Task
	Completed (check)
	Date
	Teacher Signature

	1
	


	
	

	2
	


	
	

	3
	


	
	

	4
	


	
	

	5
	


	
	

	6
	


	
	

	7
	


	
	

	8
	


	
	

	9
	


	
	

	10
	


	
	




[bookmark: _8v12glpmlmue]VIII. THE VOYAGE TO THE ARCTIC GRADING RUBRIC 

	
	1 - Not Meeting Expectations
	2 - Approaching Expectations
	3 - Meeting Expectations
	4 - Exceeding Expectations
	Points

	Completion
	The student completed some or very little of their project tasks.
	The student completed most of their project tasks.
	The student completed all of their project tasks.
	The student completed all of their project tasks and additional tasks they created on their own.
	

	Effort
	The student displayed little effort in completing this project.
	The student displayed some effort in completing this project.
	The student displayed full effort in completing this project.
	The student displayed the most effort possible in completing this project.
	

	Accuracy
	The data the student used was not at all accurate and sources were not cited.
	The data the student used was somewhat to mostly accurate with few sources cited.
	The data the student used was completely accurate with several different sources.
	The data the student used was completely accurate and sources were cited correctly.
	

	Participation
	The student participated very little in their group’s project.
	The student participated somewhat in their group’s project.
	The student fully participated in their group’s project.
	The student participated above and beyond in their group’s project.
	

	Presentation
	The student did not present their part of the group’s project pre
	The student presented some of their part of the group’s project.
	The student presented all of their part of the group’s project with good presentation skills (eye contact, clear speech, etc.)
	The student presented all of their part of the group’s project with excellent presentation skills (eye contact, clear speech, etc.) 
	



*This rubric was made for each individual student, not for each group.


[bookmark: _dzc82vcw2c5l]IX. TASKS 1-5 LESSON PLANS FOR STUDENTS

LESSON PLAN 1. PLATE TECTONICS AND EARTHQUAKES

PLATE TECTONICS

Did you know that the earth is a dynamic system? While the ground beneath our feet appears stationary, it is actually moving due to shifts in the lithospheric crust (Figure 1), that is, the ground we stand on. The lithospheric crust is composed of both rigid continental crust and oceanic crust that rests on top of the fluid upper mantle. The lithospheric crust is organized into 7 major plates and 12 minor plates (Figure 2). Some of these plates move toward each other, or converge, and others, move apart or diverge. Every 500 million years the plates merge toward the equator to form a super continent, called Pangea (Figure 3). The supercontinent is together for a brief period of time (a few million years) before it breaks apart. The good news is that the supercontinent will unite again in another 500 million years. If we consider the age of the Earth to be 4.6 billion years old, then there have been 9.5 cycles of Pangea! And, that also means that at modern day we are about half way into forming the next Pangea. 

These convergent and divergent plates are also referred to as active and passive margins, respectfully. Large mountains, earthquakes, and volcanic events are found along margins that have subduction zones. At a subduction zone the plate that has the greatest density will go underneath (subduct) (Figure 4). For an example, take a look at the modern plate tectonic map (Figure 2). You can notice that the Nazca Plate is colliding with, and going underneath, the South American Plate at this convergent plate boundary. The material that does not go underground will be scraped off to create mountains, like the Andes.  Next, we can discuss divergent plate boundaries. The island of Iceland is located directly on top of a divergent plate boundary! What do you think is happening to the island? The island is being torn apart at a rate of approximately 1 inch per year, or 13 miles per million years, and will eventually be split in half.  If you look at the modern plate tectonic map you will notice that divergent plate boundaries are found in the middle of the ocean basin. This is referred to as the Mid Ocean Ridge. The Mid Ocean Ridge (MOR) is considered to be the longest mountain chain on the planet at approximately 37,000 miles in length. At the MOR the plates are moving away from one another creating a low-lying area of thin oceanic crust called a rift valley.  Magma from the mantle can easily flow upwards and in-fill the rift valley creating brand new seafloor! Thus, convergent plate boundaries destroy crust, and divergent plate boundaries create new crust. This is how the Earth is able to stay the same size and not get bigger or smaller over time.  

[image: lithosphere | National Geographic Society]
Figure 1. Lithospheric crust diagram. Source National Geographical Society.

[image: C:\Users\tjovanelly\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\B87B45B5.tmp]

Figure 2. Modern day plate tectonic diagram.

[image: https://inhisimagedotblog.files.wordpress.com/2018/03/pangea.png]

Figure 3. Pangea

[image: C:\Users\tjovanelly\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E3676710.tmp]
Figure 4. Subduction zone at a convergent plate boundary. 

[image: Divergent boundary - Wikipedia]
Figure 5. Divergent plate boundary.

ACTIVITY
 
Please watch the following YouTube videos to help you answer the questions below. 
Plate Tectonics 540 Mya to modern world (Scotese, 2008)
https://www.youtube.com/watch?v=g_iEWvtKcuQ


QUESTIONS

1. What is Pangea? How often do the continents come together at the equator?
2. How do you think the climate changes when the plates come together?
3. Show the math to calculate how many Pangea cycles there have been if the Earth is 4.6 billion years old and you know that these events happen every 500 million years. 
4. Locate on a map the volcano called Mount Fuji then take a look at the modern day plate tectonic map. Is Mount Fuji on a convergent or divergent plate boundary? What do you think this says about its ability to erupt?
5. Besides the Andes Mountains in South America, what is an example of another mountain range that is on a convergent plate boundary today?
6. Visit the Scotese Paleomap project website to view “Pangea Ultima” http://www.scotese.com/future2.htm
Describe what this future supercontinent looks like. Look for the major movements of continents? (HINT: Where is Africa 250 million years into the future!?)
7. If Iceland continues to be split apart by a divergent plate boundary, what do you think will result?
8. What do you think causes the plates to move?

















EARTHQUAKES
The Earth is separated into 7 major plates and 12 minor plates. These plates are in constant motion; they are either coming together or pulling apart.  When plates move, they can cause earthquake events. That is, seismic energy in the form of waves are released. These waves can be measured by an instrument called a seismometer. The seismometer is measuring how quickly the waves arrive and their intensity. The travel speed is measured by the wavelength and the intensity is measured by the wave amplitude (Figure 1). The closer the seismometer is to the earthquake, the shorter the wavelength and taller the amplitude! But, how DO earthquakes release energy? An earthquake originates on a fault. A fault is a crack in the Earth’s surface formed by plate tectonics. The fault can move up if the plates are squeezing together, or the fault can move down if the plates are being pulled apart. Either way, the energy is released at some depth within the Earth called a focus (Figure 2). The energy radiates away from the focus in the form of waves. The area directly above the focus is referred to as the epicenter. Often, this is referred to by the name of the city directly above the focus. 

Earthquake energy is described as the magnitude of the event. The magnitude is described by information recorded from the seismometer and is reported in a mathematical unit called logarithmic. This means that the energy released by each magnitude is significantly greater than the previous. Here is an example using spaghetti. Can you break one piece of spaghetti? Surely you can! Let’s say that breaking one noodle represents the energy released for a magnitude 5 earthquake, or M=5. In comparison, a magnitude 6 earthquake would require you to break 30 pieces of spaghetti. Could you do it? This can be done, but with increasing effort. Next, a M=7 earthquake requires the breaking of 900 noodles, a M=8 requires breaking of 27,000 noodles, and a M=9 requires the breaking of 810,000 noodles! This show the dramatic difference in energy release for large earthquake events and why the can be catastrophic. The good news is that large earthquake events (M> 6) occur much less frequently. In fact, there are usually less than five earthquakes per year equal to a magnitude 8. 



 

[image: Seismic Waves ( Read ) | Earth Science | CK-12 Foundation]

Figure 1. Parts of a seismic wave


[image: focus_epicenter]
Figure 2. Components of an earthquake 


ACTIVITY

Supply List:
· One box of dry spaghetti noodles per group
· iPads/laptops for each group to gather data (alternatively you could gather data as a class)

You will explore different magnitude earthquakes using dry spaghetti noodles and real-life earthquake data. You are going to make models with the spaghetti noodles for an M5, M6, and M7 earthquake by bundling the correct amount of noodles together. If you are able, you could take a picture of each model you make. You will also find a real-life example for an M5, M6, M7, AND M8 earthquake using the following website: https://earthquake.usgs.gov/ Complete the data table below as you work through each magnitude. Remember each magnitude is 30 times the amount of the previous (don’t try to make a model for M8).

	Magnitude
	Number of Spaghetti Noodles
	Real-life Example 
(location and date)
	Description of Damage

	M5
	1
	
	





	M6
	
	
	





	M7
	
	
	








	M8
	
	
	










QUESTIONS

1. Draw a wave and label the parts: amplitude, wave height, wavelength.
2. Consider this scenario. Seismograph station A is 10 miles from the earthquake epicenter and station B is 100 miles away. Which seismograph station will record the earthquake first?
3. Would you expect larger earthquakes to happen at convergent or divergent plate boundaries? Explain
4. Do you think the ground shakes when magma comes up to the surface? Explain 
5. Large earthquakes (M>7) that occur under the oceans can create tsunami events.  How do you think this can happen?




LESSON PLAN 2. CLIMATE VS WEATHER AND FEEDBACK LOOPS

CLIMATE VS WEATHER

Let’s learn about the similarities and differences when we compare weather vs. climate.  To do this, look around the room and see what people are wearing. Do they have on short-sleeve shirts or long-sleeved shirts? Did they bring a jacket to class, or hats and gloves? The types of clothing that we choose to wear each day depends on the weather.  Weather changes seasonally (i.e. summer, fall, winter, spring). The intensity of that change depends on your latitude relative to the equator. As you may have guessed, the closer you are to the equator, the less daily variability there will be.  This is because the incoming solar radiation (heat) from the sun is more intense at the equator during the entire year. Why? Because the sun’s rays strike Earth most directly at the equator, and less directly to the north and south (Figure 1). 

When we use the term “climate” scientists are using daily weather data to describe a long-term pattern.  The more data that is available, the more accurate the scientists will be in describing changes over time. For example, in most states daily rainfall data has been collected for more than 100 years!  If you look at the individual data, you may find months of very high rainfall events (floods) or very low rainfall events (droughts). The average describes how the climate behaves over longer periods of time, but reports a standard value that can be used to make comparisons. Some scientists, like geologists, are interested in describing what the climate was like thousands or millions of years ago. For example, did you know that 26,000 years ago there was an ice sheet on top of the northern United States that was 2 miles thick? (Figure 2). 

Studying both weather and climate are important. Scientists are concerned because the climate of the planet is becoming hot very quickly due to rising greenhouse gases (e.g. CO2, carbon dioxide) in the atmosphere. From looking at long-term averages for data representing global temperature, the scientists have discovered that global temperature has increased at an average rate of 0.07°C (0.13°F) per decade since 1880 (NOAA, 2019).  (This time frame is called the “Industrial Revolution” and refers to a boom in manufacturing and use of coal energy that produces CO2). However, the average rate of increase since 1981 is more than twice as great (NOAA, 2019). This is a problem because it leads to sea level rise, the mass extinction of animals on land and in the ocean, and more intense weather patterns like monsoons and hurricanes. 



[image: Solar Energy and Latitude ( Read ) | Earth Science | CK-12 Foundation]
Figure 1

[image: The Ghost Boundary of the Last Glacial Maximum Ice Margin |  GeorgiaBeforePeople]
Figure 2.


ACTIVITY

You will create a 2-minute skit that explains the difference between climate and weather and showcases an example of each (i.e. monsoon vs rain). This skit will be performed for the teacher. Make sure you include the definitions for weather and climate in your skit. 

QUESTIONS

1. Find Uganda on a map. What is the latitude and longitude? How close is it to the equator? Look up the average temperature for January, March, July, October? Describe the variability 
2. Find the state of Michigan on a map. What is the latitude and longitude? How close is it to the equator? Look up the average temperature for January, March, July, October? Describe the variability
3. Compare and contrast the average temperatures throughout a year for Uganda and Michigan. Why are they different? 
4. Look up the daily temperatures for the past week in your city. Add these values up and divide by 7. That is the weekly average. 
5. Imagine that you did this for each month, each year, or even each decade! This would allow you to describe the climate in your city over time. Try this with the rainfall (cm) data set provided for Rome, Georgia from 1857-2006 during the month of January below. What is the average rainfall over 149 years for the month of January? How does this compare to the value measured in January 1871 and January 1892? (The data for this activity is pasted at the very end of the document).
6. Look up the term “accurate.” Why is this term important to scientists describing climate?
7. The National Ocean and Atmospheric Administration reported that since 1981 the average rate of increase since is more than twice as great as the industrial revolution in 1880. Can you solve for the average rate of increase since 1981 if you know that the averages in 1880 were 0.07°C (0.13°F)?

References: 
2019, National Ocean and Atmospheric Administration Climate Summary Report



	Year
	Rainfall (cm)
	
	Year
	Rainfall (cm)
	
	Year
	Rainfall (cm)
	
	Year
	Rainfall (cm)
	
	Year
	Rainfall (cm)

	1857
	203.3
	
	1878
	109.0
	
	1899
	86.6
	
	1920
	161.3
	
	1941
	66.0

	1858
	130.0
	
	1879
	157.0
	
	1900
	89.4
	
	1921
	121.9
	
	1942
	81.0

	1859
	119.4
	
	1880
	69.6
	
	1901
	186.7
	
	1922
	192.0
	
	1943
	85.6

	1860
	57.7
	
	1881
	105.4
	
	1902
	92.5
	
	1923
	117.6
	
	1944
	85.1

	1861
	97.0
	
	1882
	216.4
	
	1903
	68.8
	
	1924
	151.9
	
	1945
	99.1

	1862
	159.8
	
	1883
	227.3
	
	1904
	96.8
	
	1925
	238.5
	
	1946
	222.5

	1863
	73.7
	
	1884
	118.1
	
	1905
	145.5
	
	1926
	170.4
	
	1947
	315.5

	1864
	36.8
	
	1885
	177.8
	
	1906
	127.8
	
	1927
	39.6
	
	1948
	114.0

	1865
	32.0
	
	1886
	138.4
	
	1907
	46.2
	
	1928
	54.6
	
	1949
	156.5

	1866
	100.3
	
	1887
	54.6
	
	1908
	72.1
	
	1929
	129.5
	
	1950
	91.2

	1867
	82.6
	
	1888
	125.7
	
	1909
	113.8
	
	1930
	105.2
	
	1951
	94.5

	1868
	105.4
	
	1889
	168.9
	
	1910
	80.5
	
	1931
	78.5
	
	1952
	131.6

	1869
	143.5
	
	1890
	66.0
	
	1911
	117.3
	
	1932
	195.6
	
	1953
	150.1

	1870
	104.1
	
	1891
	160.0
	
	1912
	135.9
	
	1933
	73.4
	
	1954
	249.7

	1871
	24.1
	
	1892
	296.9
	
	1913
	142.2
	
	1934
	163.6
	
	1955
	117.9

	1872
	90.9
	
	1893
	51.8
	
	1914
	41.7
	
	1935
	111.3
	
	1956
	50.5

	1873
	119.4
	
	1894
	127.0
	
	1915
	106.9
	
	1936
	282.4
	
	1957
	140.0

	1874
	199.4
	
	1895
	261.4
	
	1916
	61.7
	
	1937
	279.7
	
	1958
	69.3

	1875
	158.2
	
	1896
	103.1
	
	1917
	141.2
	
	1938
	85.3
	
	1959
	103.9

	1876
	148.1
	
	1897
	137.9
	
	1918
	254.8
	
	1939
	153.2
	
	1960
	163.1

	1877
	72.9
	
	1898
	128.3
	
	1919
	181.9
	
	1940
	109.0
	
	1961
	72.1




	Year
	Rainfall (cm)
	
	Year
	Rainfall (cm)
	
	Year
	Rainfall (cm)
	
	Year
	Rainfall (cm)

	1962
	219.2
	
	1976
	122.7
	
	1990
	202.7
	
	2004
	87.4

	1963
	165.1
	
	1977
	115.8
	
	1991
	85.3
	
	2005
	49.0

	1964
	168.1
	
	1978
	185.7
	
	1992
	137.2
	
	2006
	134.6

	1965
	62.7
	
	1979
	177.3
	
	1993
	153.7
	
	
	

	1966
	114.0
	
	1980
	141.5
	
	1994
	121.4
	
	
	

	1967
	96.8
	
	1981
	21.6
	
	1995
	99.6
	
	
	

	1968
	147.3
	
	1982
	198.1
	
	1996
	210.8
	
	
	

	1969
	118.4
	
	1983
	70.6
	
	1997
	149.1
	
	
	

	1970
	67.6
	
	1984
	124.7
	
	1998
	126.5
	
	
	

	1971
	142.0
	
	1985
	105.4
	
	1999
	136.7
	
	
	

	1972
	240.0
	
	1986
	60.7
	
	2000
	98.8
	
	
	

	1973
	137.4
	
	1987
	137.4
	
	2001
	127.3
	
	
	

	1974
	169.7
	
	1988
	134.6
	
	2002
	169.9
	
	
	

	1975
	134.6
	
	1989
	152.1
	
	2003
	74.9
	
	
	













FEEDBACK LOOPS
Feedback loops help to describe processes in the environment by cause and effect. In fact, you are already familiar with feedback loops. 

Here are some examples:
When you flip on a light switch (cause), the outcome is the light comes on (effect)
When you touch something hot (cause), the outcome is that you burn your hand (effect)

Feedback loops are also commonly used to describe changes to the environment or climate. These feedback loops can be described as amplifying or regulating. That is, if the outcome (effect) of the feedback loop keeps getting bigger it has been amplified. And the opposite effect occurs for regulating. Specifically, in climate change, a feedback loop is something that speeds up or slows down a warming trend. An amplifying feedback accelerates temperature rise, whereas a regulating feedback loop slows it down. 

An example of an amplifying feedback loop relating to climate change can be explained using forest fires. Here is a scenario to consider in steps:
1. When the climate gets hotter (cause) there is less precipitation (effect).
2. When there is less precipitation (cause) the vegetation dies (effect).
3. When the vegetation dies (cause) it becomes more flammable (effect).
4. When the vegetation is more flammable (cause) it can catch fire when it gets hot (effect).
5. When the vegetation is on fire (cause) the climate gets hotter (effect).
6. Back to #1.

An example of a regulating feedback loop relating to climate change can be explained using cloud cover.
Here is a scenario to consider in steps:
1. When there is cloud cover (cause), the amount of incoming solar radiation (heat) from the sun is reduced (effect).
2. When there is less solar radiation (cause), the temperature on the planet decreases (effect).

ACTIVITY: 

Supply List: 
· One spool of yarn per group

Describe Feedback Loops with Yarn:
Get into your groups and come up with one example of an amplifying feedback loop and one example of a regulating feedback loop. Be prepared to explain the steps of each feedback loop like the examples above. You will use a ball of yarn to explain each feedback loop example to your teacher. You will start by explaining the amplifying feedback loop. The ball of yarn will start with one person in your group who will be the first one to speak. The group should be standing in a circle. The ball of yarn will be tossed and passed around as your group explains the amplifying feedback loop. Each person should hold the string of yarn with one hand as they pass it around using their other hand. You should end up with a nice large web of yarn among your group. Now you are ready to explain the regulating feedback loop. You will again explain as you toss the yarn, but this time you will toss in reverse order so that you end up without a web of yarn. The yarn will now be back in its original position. 

QUESTIONS

1. What would stop the amplifying feedback loop described above for forest fires? (no more trees to burn)
2. Trees are made out of an element called carbon. Why would burning trees increase greenhouse gas emissions?
3. [bookmark: _su03p2rsbt0q]When the ocean is cold it holds more CO2 because carbon dioxide is more soluble at lower temperatures. List, in steps, how warming of the oceans would be an amplifying feedback loop. Use the example in the introduction for a guide.

LESSON PLAN 3. SEDIMENT CORES AND HOT VS COLD HOUSE

SEDIMENT CORES
What do you imagine is at the bottom of the sea floor? What if you could drill into the bottom of the sea floor and bring up a core representing layers of sediment AND geologic time? Guess what? This has been done! (Photo 1) In fact, sediment cores have been collected in every ocean around the world. Why? Scientists use these cores as a proxy to determine what the paleo (ancient) ocean temperatures were millions of years ago. By definition, a proxy is a substitute for something. So, since we don’t have a time machine to visit the paleo oceans, scientists use microfossils preserved in the core as a proxy. What is a microfossil (Photo 2)? A microfossil is a microscopic organism (photosynthetic or invertebrate) that lives in the water column and then when it dies, it falls to the bottom of the sea floor. Eventually the organism will get buried and preserved. How can a microfossil determine ocean temperature? First, these organisms are very sensitive to temperature! Secondly, many of the microfossils that are studied in the paleo oceans are still alive today so we know a lot about their behavior and what temperatures make them happy!

Scientists have very specific methods on how they interpret the data from a sediment core. When analyzing a sediment core the data must be collected from bottom to top. This is because when we organize geologic time we think about it from oldest (bottom) to youngest (top) (Figure 1).  As an example, when you are walking down the sidewalk you are walking on dirt that is younger than what was deposited below it. Geologists refer to this as the “Law of Super Position”. 

[image: ]
Photo 1. Sediment core This model is a replica of a core retrieved in the Antarctic Peninsula on ODP Expedition 178 https://joidesresolution.org/activities/palmer-deep-kit/ 


[image: Scanning electron microscope (SEM) images of the main groups of microfossils. a. Foraminifera (scale bar 200 m). b. Diatoms (20 m). c. Radiolaria (50 m). d. Silicoflagellates (20 m). e. Calcareous nannofossils (2 m). f. Pollen (20 m). g. Spores (40 m). h. Phytoliths (20 m). i. Dinoflagellates (20 m). j. Ostracods (200 m). Images reproduced with permission of Chevron Corporation. ]
Photo 2. Microfossils. 

[image: Law of Superposition – Evolution (Period 5)] 
Figure 1. Law of Super Position

QUESTIONS

1. Can you give an example of another proxy?
2. Look at Photo 2 and draw a picture of a microfossil.
3. Make a column and list your family members from oldest to youngest. Explain how this demonstrates the “law of superposition”. 
4. Find the Antarctic Peninsula on a map and describe what you think the climate is like today. 
5. Look at Photo 1. Please draw the core. Note the visual changes in layers, texture, grain size, color, that you see.
6. Why do you think that the layers change over time? What types of changes in the ocean could be occurring?

COLD HOUSE VS HOT HOUSE

Look to your friend and ask them their age.  Do you think they are young or old compared to your teacher? No matter your answer, it is much younger than the age of the Earth. The age of the Earth is dated to 4.6 billion years old!  But, how long is that really? If we take the age of the Earth and compress it into one calendar year (365 days), EVERY SECOND would represent 144 years! So, half of a second would represent a human lifetime!

Over geologic time there has been some amazing changes in climate with respect to drastic increases and decreases in temperature. These scenarios are referred to as Cold House or Hot House. During a period of a Cold House there are a minimum of two ice sheets covering the Earth’s surface. An ice sheet is defined as a permanent layer of ice covering a large landmass that is usually found in a polar region. Our planet is currently in a Cold House with ice sheets in Greenland and Antarctica. These ice sheets have been present for the last 34 million years, however, they are rapidly melting due to anthropogenic sources, such as the burning of fossil fuels for energy production. There was an extreme Cold House event about 650 million years ago that is referred to as “Snowball Earth.” During this time the entire globe was covered in ice! Don’t worry, there wasn’t much life on the planet then! In fact, it is thought that the uprising of more complex life on the planet helped the ice to melt. Recall the equation for photosynthesis below. 

Carbon dioxide + Water => Sugar + Oxygen

What happens? Carbon dioxide is used to make the organism’s energy, and then Oxygen is respired. So, photosynthetic organisms use the carbon dioxide present in the atmosphere to live, causing the planet to cool. Oppositely, when respiring life (i.e. invertebrates and vertebrates) develops on the planet during the Cambrian Period (570-480 mya) lesser amounts of carbon dioxide is used, thus the planet begins to warm and the ice starts to melt.

What about Hot House conditions? The Earth has been in this “greenhouse state” for approximately 85% of its history. Under Hot House conditions there is no ice on the planet, whatsoever. During this time the temperature of the oceans at the equator are around 28°C (82.4°F).  This concerns scientists because the temperature of our modern ocean’s in tropical regions is 30°C (86°F)! Also, remember that increasing ocean temperature can be an amplifying feedback loop whereby more and more carbon dioxide is released from the water as it gets warmer and warmer! 

QUESTIONS

1. Look at a map. Are there ice sheets on the planet today? Where are they located? Are they located in polar regions?
2. At modern day, do you think the ice sheets are growing or shrinking? Explain your answer.
3. Look up the word anthropogenic. What does it mean?
4. What are fossil fuels? How do they contribute to climate change?
5. Are humans considered to be a photosynthetic organism? What gas do you breathe in, and what gas do we breathe out?
6. What do you think can stop a Hot House condition? What could reduce the temperature of a planet?
7. If the Earth was in a Hot House for 85% of geologic time, what percentage was it in a Cold House?
8. If the age of the Earth is 4.6 billion years, how many years was it in a Hot House?



LESSON PLAN 4. GLOBAL OCEAN CONVEYOR BELT AND TRANSGRESSIVE & REGRESSIVE BOUNDARIES 

GLOBAL OCEAN CONVEYOR BELT

The globe is described as 70% water and 30% land mass. Thus, the majority of our planet is made of water that is held in ocean basins.  Water has a high specific heat capacity which means once the water is heated, it stores the heat and cools slowly. Think about a cup of hot cocoa. Sometimes you have to wait a few minutes in order to drink it because it is too hot! The warm hot cocoa travels to the top of the cup, while the cold cocoa exposed to the air at the top of the cup, falls to the bottom. This transfer of heat is referred to as convection.  Next, ocean water contains salt. The amount of salt in the oceans makes it denser (heavier) than freshwater. These two principles, specific heat capacity and density, are drivers of ocean current referred to as thermohaline circulation (THC) (Figure 1).  Let’s explore this idea. Water in the Atlantic Ocean becomes heated at the equator and travels north. Once the water comes into contact with the colder temperatures of the polar regions, it cools and sinks to the bottom of the ocean creating a density driven system that circles the globe today. 

However, the position of the continents has not been in the same location over geologic time. As an example, about 1 million years ago Central America (the land mass connecting North and South Americas) was not elevated above sea-level (Figure 2). Thus, warm equatorial water flowed only to the east and west. This helped to initiate glaciation in the northern hemisphere as warm water was not yet introduced. Likewise, 40 million years ago the tip of South America touched Antarctica. This time, water was prevented from flowing east and west. Once South America moved north, the Drake Passage opened, and cold water encompassed Antarctica, again initiating the growth on an ice sheet?



[image: https://www.whoi.edu/wp-content/uploads/2019/03/conveyor_updated-1024x576.jpg]
Figure 1. Thermohaline circulation system. 

[image: How the Isthmus of Panama Put Ice in the Arctic – Woods Hole Oceanographic  Institution]
Figure 2. Approximately 1million years ago North and South America were not connected. 


[image: How the Isthmus of Panama Put Ice in the Arctic – Woods Hole Oceanographic  Institution]
Figure 3. Approximately 40 million years ago the Drake Passage opened. 

ACTIVITY

Watch this Ted Talk about Ocean Currents https://www.youtube.com/watch?v=p4pWafuvdrY

Use the blank world map to draw the global conveyor belt. Draw the warm water in red and the cold water in blue. Be sure to use arrows to show the overall direction of flow. 

QUESTIONS

1. Consider the past Pangea event? How do you think the ocean water flowed?
2. What do you think would happen if you dumped a huge amount of freshwater into the THC system?
3. Do you think ocean circulation would change if the climate continues to get warmer? Explain.


TRANSGRESSIVE & REGRESSIVE BOUNDARIES

Have you ever heard of the term sea level? Sea-level is the base level for measuring elevation on the surface of the Earth. The elevation of Mount Everest, the tallest mountain on the planet, is 29,032 feet above sea level. Sea level has significantly increased and decreased over geological time. When geologist’s study this they look for changes in how sedimentary rocks are deposited. First, let’s understand that certain rocks represent different environments of deposition. That is, a sandstone can represent a beach environment, limestone a shallow marine environment, and shale a deep marine environment. If we look at these rock layers vertically, we can establish a unit of time called a cyclothem (Figure 1). When we look at Figure 1 we read it from the bottom to the top, whereby sandstone was deposited first, then the limestone, then the shale. So, when we relate this to sea level, we understand that the water depth, at that location, got deeper over time because shale represents the deep ocean! This is called a transgressive boundary or high stand (Figure 2A) What if we flipped the diagram upside down with the reverse order: shale on the bottom, capped by limestone, with sandstone on the top? If we did this then the cyclothem would represent sea level decreasing, or regressive boundary (low stand) (Figure 2B).

Over geologic time there have been both Hot House and Cold House conditions. What do you think the sea level does when the temperatures become warm? The sea levels increase because the ice on the planet will melt. The opposite situation occurs when temperatures drop, creating a regressive boundary. 

This is just one way that geologist’s use the rock record to interpret past climate change. Geologist’s often say, “the past is a key to the present and the present is a key to the past”. Using both information from the past and present, scientists understand that sea level is rising at an alarming rate. Why? Because the temperatures on the planet are steadily increasing causing the glaciers to melt. This is important to think about since the majority of the world population currently lives on the coast. Scientists are worried about many cities becoming flooded and uninhabitable due to the surges of water.


SHALE- youngest unit deposited last
LIMESTONE
SANDSTONE- oldest unit deposited first

Figure 1. A vertical unit of rocks that represent a cyclothem. 

[image: ~AUT0002]
[image: ~AUT0000]












Figure 2. An image of a transgressive boundary (A.), and a regressive boundary (B).





ACTIVITY

Supply List: 
· Colored construction paper

Choose three colors of paper and assign them names: Sandstone, Limestone, and Shale. First, layer them to represent a cyclothem that shows a transgressive boundary. Next, reorganize the colored paper to represent a cyclothem that shows sea level decreasing, or a regressive boundary. 


QUESTIONS

1. Coal is another type of sedimentary rock. Coal is made from the decomposition of plants and is pure carbon. What type of environment of deposition do you think coal represents?
2. If the climate on the planet continues to warn, what do you predict will happen?
3. Imagine a sandy beach. What type of sedimentary rock could be formed out of the sand?
4. Approximately 650 million years ago the earth was called “SNOWBALL EARTH”. Do you think that this environment would represent a transgressive or regressive boundary? Why?
5. The increase of temperature on the planet has also increased the amount, and intensity, of storms. How do you think an increase in rainfall would affect a coastline?


LESSON PLAN 5. TIPPING POINTS AND GREENHOUSE GASES

TIPPING POINTS

Have you ever tried to balance on one foot? Unless you have great balance, then it is likely that you will eventually fall over. This is similar to a tipping point, where at first everything is stable, but then something becomes unbalanced, and a large change takes place—just like falling over!

To be more specific, in science we define a tipping point to be the critical point in a system beyond which a large change takes place (Figure 1). A large group of international scientists called the International Panel on Climate Change (IPCC) has been conducting intense research on the climate for the past 50 years. They study all kinds of things in both, the modern, and ancient record. This includes topics like the biodiversity of plants and animals, changes in sea levels and ice sheets, variations in ocean and land temperatures, the intensity of natural disasters like forest fires and hurricanes, etc. Through all of this data collection the IPCC has determined that the Earth is at a critical tipping point.  The vast majority of the scientific community agrees that our atmosphere and oceans are warming at an alarming rate. They warn that we need to work together as a global community to reduce the amount of greenhouse gases in our atmosphere. If not, the global temperature may increase to a point where the Earth is pushed into an amplifying feedback cycle where temperature increase is irreversible. Some call it, “a point of no return”.  

Just as one example, crossing this tipping point temperature could correspond to destabilization of ice sheets. Once you begin to melt an ice sheet it cracks (Figure 2). Those cracks increase the surfaces for melting, making it melt into smaller pieces, that then fracture into yet smaller pieces. Undoubtedly, smaller pieces melt faster than bigger pieces-- think of a large ice cube vs a small ice cube. When you push the climate past this threshold, you can no longer reverse the damage that is done. That is, you cannot put the ice cube back together after it has melted. 

[image: ]

Figure 1. Tipping points.

[image: Reading: Mechanical Weathering | Geology]

Figure 2. Increases in surface area. 
ACTIVITY

Supply List: 
· Large marshmallows (about 10 per group)
· Paper plates (one for each group)

You will demonstrate tipping points using marshmallows. Grab your marshmallow supply and start by stacking two total on your paper plate. Continue to add one marshmallow at a time, making observation notes in the table below. See how many marshmallows you can stack before it reaches the tipping point! 

	Marshmallow Number
	Observations 
	Prediction: will the next marshmallow be the tipping point?

	1
	


	

	2
	


	

	3
	


	

	4
	


	

	5
	


	

	6
	


	

	7
	


	

	8
	


	

	9
	


	

	10
	


	




QUESTIONS

1. Locate the Amazon Rainforest on a map. Why do you think it is important to understand the tipping point to protect this from deforestation?
2. Find Antarctica on a map. What would you predict to happen if the ice sheet on Antarctica completely melted? How would people be affected? Who would be affected most?
3. What changes can be made to stop the Earth from reaching the “tipping point”?
4. If the warming threshold is crossed, can it be reversed? Explain.




GREENHOUSE GASES

Have you ever shaken up a can of soda and then opened it? What happened besides creating a HUGE mess? Soda contains a gas called carbon dioxide, or CO2.  Once the can is opened, the gases that were trapped in the liquid can escape and go into the atmosphere. If you shake the can, the liquid erupts, and the CO2 enters the atmosphere more quickly. Hence, a gas is defined as a state of matter that has no fixed shape and no fixed volume (Figure 1). What are some other gases that you can think of? How about breathing in oxygen, or O2? Oxygen is another example of a gas.

You may have heard of the term “greenhouse gases”.  Greenhouse gases are those gases found in the Earth’s atmosphere that trap heat. These gases let sunlight pass through the atmosphere, however, they also prevent the heat from escaping, thus causing the Earth’s temperature to increase (Figure 2).  You can even imagine the greenhouse gases to be a blanket wrapping the planet and holding in heat! The main types of  greenhouse gases include: carbon dioxide (CO2), water vapor (H2O), methane (CH4). 

Are greenhouse gases good or bad? Although these gases are naturally found on the planet, humans have increased the rate at which they are entering into the atmosphere through energy production and manufacturing of goods.  For example, coal is used to generate heat for homes. When coal is burned, it gives off CO2.  Similarly, when we drive a car to the store we are using gasoline that also produces CO2.

The majority of scientists agree that since the Industrial Revolution (1740-1850) the average temperature of the planet has risen by around 1.8 °F (or 1°C) (Figure 3). This is considered rapid temperature change when scientists look at data representing past centuries or millennia.  Specifically, if we look at the amount of CO2 measured in the atmosphere from 1960-2020, the amount has almost increased by 50% (Figure 4). 

Why should we care about increases in CO2 or other greenhouse gases? When temperature warms on the planet, humans, animals, and the environment suffer. The rate at which the planet is warming is not allowing time for adaptation.  Instead, the warming causes changes that are catastrophic like an increase in wildfires and storms, destruction of habitat and mass extinction of animals, rising sea levels that flood coastlines, and the spreading of diseases. 

[bookmark: _gjdgxs]How do you think climate change can be stopped or slowed? Yes, the answer is decreasing the amounts of greenhouse gases put into the atmosphere! Scientists are working on new technologies that will create energy that is sustainable and lessens the amount of CO2 released. Also, cars are becoming more efficient whereby using less gasoline.  In some cities, there are subways, trains, and buses to help reduce the amount of traffic and move more people using less energy. 
[bookmark: _dafy4x2wihvq]
[image: States of matter]
Figure 1. The different states of matter: solid, liquid, and gas.


[image: Atmosphere, effect, greenhouse, temperature icon - Download on Iconfinder]
Figure 2. Greenhouse gases trap heat on the Earth’s surface causing it to warm. 

[image: What is a pre-industrial climate and why does it matter?]

Figure 3. This figure represents data from 1850-recent time vs. temperature in Celsius, NOAA. 


[image: https://www.metoffice.gov.uk/binaries/content/gallery/metofficegovuk/images/weather/learn-about/climate/atmospheric-co2-at-mauna-loa-observatory.png]
Figure 4. This graph shows the rising level of carbon dioxide in our atmosphere since 1960, measured by the Mauna Loa Observatory in Hawaii.
ACTIVITY

Supply List: 
· Two 2-liter bottles with the tops cut off and soil at the bottom
· Two thermometers
· Plastic wrap
· Heat lamp or lamp without shade (100 watt bulb)
· Stopwatch

You will demonstrate the greenhouse effect using plastic 2-liter bottles. Place the one thermometer in each bottle to where you can still read it through the bottle. Cover ONE of the bottles with the plastic wrap. Place the lamp in the middle of the two bottles and make sure the bottles are at an equal distance to the bulb (closer is better). Turn on the light and start your timer. Record your starting temperatures in the data table below. For at least 30 minutes, record the temperature of each bottle every 2 minutes. You should see that the temperature increases more in the covered bottle than in the uncovered bottle. The covered bottle represents the greenhouse effect and acts like our ozone layer in our atmosphere.

	Time
	Uncovered Bottle Temperature
	Covered Bottle Temperature

	0 minutes
	
	

	2 minutes
	
	

	4 minutes
	
	

	6 minutes
	
	

	8 minutes
	
	

	10 minutes
	
	

	12 minutes
	
	

	14 minutes
	
	

	16 minutes
	
	

	18 minutes
	
	

	20 minutes
	
	

	22 minutes
	
	

	24 minutes
	
	

	26 minutes
	
	

	28 minutes
	
	

	30 minutes
	
	








QUESTIONS

1. Are greenhouses gases good or bad? Explain your answer.
2. Look at Figure 3. How many different institutions supplied data for the graph? (HINT: look at the key)
3. Look at Figure 3. Do you think these institutions agree or disagree that the climate is warming? Explain.
4. Why do you think the amount of CO2 in the atmosphere began to increase in the Industrial Revolution? 
5. Go to the website for the Mauna Loa Observatory in Hawaii. https://keelingcurve.ucsd.edu/
What is the measured CO2 in the atmosphere today? Report your answer in ppm, parts per million.
Look at Figure 4. How much more CO2 is in the atmosphere from 1960 to 2020? Report your answer in ppm, parts per million.
6. Think about your day from the time you get out of bed until the time you go to sleep. What are some ways that you could reduce the amount of CO2 released?
1
2
image1.png




image2.png




image3.png
The Florence Bascom Award




image4.png




image5.png




image6.png




image7.png




image8.jpg
Crust 0-100 km ~ /Lithnsphere
(crust and upper-
most solid mantle)

Mantle

Core

S

Not to scale
6378 km

To scale




image9.jpg




image10.png
Panthallasic
Ocean

Tethys Sea





image11.png




image12.png




image13.png
Wavelength

Crest

Amplitude

Trouan




image14.jpg




image15.jpg
The Sun’s Rays & Latitude

Sun's rays spread
‘over a wide area

Sun's rays sproad

Sun's rays spread
‘over a wide area





image16.jpg
Greenland
Ice Sheet

. ‘L-‘
Cordilleran 1
Ice Sheet . ..

Laurentide
Ice Sheet





image17.png




image18.png




image19.png
@ Nounges





image20.jpg




image21.jpg




image22.jpg
South
America ¢
4





image23.png
B. LOW STAND
(regression)




image24.png
A HIGH STAND
(transgression)




image25.png
Tipping Points Have Points of No Return

Tipping Point Developmental Process Over Time




image26.jpg
As rock breaks into smaller pisces, overall surface ares increases:




image27.jpg




image28.png




image29.png
—_
N

—— Global Average Temperature (HadCRUT)

—_
T

o
o

o
o

o
(S

o

Temperature anomaly (°C)
o
N

1850-1900 Baseline
-0.2+

1850 1900 1950 2000
Year




image30.png
PARTS PER MILLION

400

380

360

340

320

Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
NOAA Earth System Research Laboratory

L
“August 2019

1960 1970 1980 1990 2000
YEAR

2010

2020




