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Purpose:
To identify global patterns and connections in environmental data contained in the GLOBE Earth Systems Poster; to connect observations made within the Earth Systems Poster to data and information at the National Snow and Ice Data Center; Sea Ice to develop an understanding of the interactions of Earth systems.

Overview:
Maps displaying global environmental data (specifically Solar Energy and Average Temperature) through the course of a year are compared in order to understand how the Earth works as a system focusing on Polar Regions. Students then explore data from schools located in Alaska and Antarctica to understand processes that drive the temperature patterns; students then visit the National Snow and Ice Data Center Web site to learn more about the Cryosphere (focusing on Albedo and Sea Ice); finally students visit NOAA’s Web site looking at data of Sea Ice data anomalies.
Student Outcomes: 

Science Concepts

Earth and Space Science

· Students will be able to explore the concepts of Earth as a System. 

· Students will be able to find patterns and connections between and among maps containing different environmental data. 

· Students will understand the relationship between time and space in regard to global environmental data. 

Scientific Inquiry Abilities:

· Discover, analyze, and interpret patterns in a graphic display of data. 

· Analysis of mapped data. 
· Analysis of graphed data (?)
· Develop descriptions and explanations using evidence. 

· Communicate observations and explanations.  

Level: 


Secondary

Time: 

One to two class periods. 

Materials and Tools:

· Computer with Internet connection. 

· Multiple copies of “GLOBE Earth System Poster,” (color copies if possible); this poster can be found on the GLOBE Web site at <www.globe.gov/fsl/educornimages/poster_letter_color.jpg> then displayed for the entire class to use. 
· Scissors 
Background:

The processes comprising the global environment are interconnected.  Understanding how these connections operate on a global scale is to understand the Earth as a system.  Understanding the Earth as a system requires a quantitative exploration of the connections among various parts of the system.  These processes take place in the atmosphere, oceans, fresh water, ice, soil, and vegetation. These processes also include energy from the Sun.  

The following activities will help students to understand connections between solar energy and current trends witnessed in the Polar Regions (Arctic and Antarctic). A principal factor is the understanding Albedo and how it affects both Sea ice and open water. 
Preparation:

Obtain the GLOBE Earth System Posters (online or physical poster); if using this activity as an extension from the Earth as a System Poster Activity you will have already cut the poster(s) into the 36 global data maps; this activity will use only the 6 Solar and 6 Average Temperature images. 
Note: Lamination of the various maps and labels can ensure many uses. 

Prerequisites: 

Students may want to experience the following GLOBE Learning Activities prior to this activity: 

www.globe.gov/tctg/earth_la_seaphen_s5.pdf?sectionId=260

Procedures:

Activity 1 – Exploring Relationships Between Solar Energy and Average Temperature
1) Instruct students to compare changes in Solar Energy with Average Temperature maps; 
2) Have students arrange their data maps in chronological order for both data types; 

3) Have students line their data maps next to each other (January next to January, etc.); 
· Ask students to identify the relationships and associations between solar energy and average temperature?
· Are the relationships proportional or inverse? Why or why not? What is the connection between Solar Energy and Air Temperature?
· Have students sketch air temperature graphs from Arctic and Antarctic areas. 
4) After several minutes, ask students to share with the entire class the relationships they have identified between the two data types.  Have them also share the methods they used to identify these relationships. 
Activity 2 – Using Student Data to Understand Polar Temperature Patterns
1) From the GLOBE Home Page, http://classic.globe.gov/, place your mouse cursor over For Students; move the cursor down to highlight Maps and Graphs; move the cursor over to highlight Graphs; click on Graphs; 

2) Highlight Australia from the Country list under School Location Country Search;
3) Scroll down until you see the NUMBER OF DATA REPORTS section; type 5000 in the first box under Find schools that have submitted at least;
4) Click on the Total box and select All Atmospheric Data and click on Go; 
5) Place a checkmark by the school: Escuela Provincial No. 38 Julio Argentina Roca by clicking in the square next to the school name; 
6) Click on Go in the green box next to “Make a Graph” above the table of schools; 
7) Scroll down until the Other Options box is visible. Click on Select Option and move the cursor so that Add or change schools is highlighted and click on Go;
8) Choose United States of America from the Country list under SCHOOL              LOCATION Country Search and click on State/Province Search; 

9) Choose USAK – Alaska and click on Go;

10)  Place a checkmark by Innoko River School, Shageluk, AK US, by          clicking in the square next to the school name and click on Go in the green box next to “Make a Graph” above the table of schools; 

11)  Scroll down until you see Graph Data and Display Selection. Change the Dates to Year: 2005; Month: 01; Day: 01 through Year: 2007; Month: 01; Day: 01. Click on Redraw. Students should see Graph 1.
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Figure 1. Time series of daily Arctic sea ice extent for 2007 compared to 2005 and the average
for 1979 to 2000. The lowest point on each time series shows the annual absolute minimum. This
figure is from (NSIDC, 2007b).





12)  Have students explore patterns in data; students should see opposite patterns in atmospheric temperature data; 
13)  Have students discuss processes behind these data patterns (e.g. seasonal patterns connected to solar energy); 

14)  Have students compare highs and lows in graphed data with sketched graphs from Activity 1. Are they similar? Why or why not? 

15)  What happens to sea ice during these different seasons? 
16)    Students should read articles at: 

http://www.nasa.gov/vision/earth/environment/arctic_minimum.html http://www.pewclimate.org/impacts/icecap
http://nsidc.org/news/press/2007_seaiceminimum/20070810_index.html

17)  Have students study graphs within Pew article: 
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Processes: Thermodynamics: Albedo

Albedo is a non-dimensional, unitless quantity that indicates how well a surface reflects solar energy. Albedo () varies
between 0 and 1. Albedo commonly refers to the "whiteness” of a surface, with 0 meaning black and 1 meaning white. A
value of 0 means the surface is a "perfect absorber” that absorbs all incorning energy. Absorbed solar energy can be used to
heat the surface or, when sea ice is present, mett the surface. A value of 1 means the suface is a "perfect reflector” that
reflects all incorning energy

Albedo generally applies to visible light, although it may involve some of the infiared region of the electromagnetic spectrum
You understand the concept of low albedo intutively when you avoid walking barefoot on blacktop on a hot surmer day
Blacktop has a much lower albeds than concrete because the black surface absorbs more energy and reflects very litle
energy

Seaice has a much higher albedo cormpared to other earth sufaces, such as the surrounding ocean. A typical ocean albedo
is approximately D.06, while bare sea ice varies from approximately .5 to 0.7. This means that the ocean reflects only B
percent of the incoming solar radiation and absorbs the rest, while sea ice reflects 50 to 70 percent of the incoring energy.
The sea ice absorbs less solar energy and keeps the surface cooler.

Snow has an even higher albedo than sea ice, and so thick sea ice covered with snow reflects as rmuch as 90 percent of the
incorring solar radiation. This serves to insulate the sea ice, maintaining cold temperatures and delaying ice mett in the
surnmer. After the snow does begin to melt, and because shallow melt ponds have an albedo of approximately 0.2 to 0.4,
the surface albedo drops to about D.75. As mek ponds grow and deepen, the surface albedo can drop to 0.15. As a result,
melt ponds are associated with higher energy absorption and a more rapid ice melt

I. Open ocean





18) Have students visit the National Snow and Ice Data Center Sea Ice Web page: http://nsidc.org/seaice/ 

19)  Have students click on “Processes”; 

20) Have students click on “Albedo” and read the text; look at the images on the right of the web page (see Figure 1); 
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Processes: Thermodynamics: Albedo

Thermodynamics  Albedo is a non-dimensional, unitless quantity that indicates how well a surface reflects solar energy. Albedo () varies
« Growth between 0 and 1. Albedo commonly refers to the "whiteness” of a surface, with 0 meaning black and 1 meaning white. A
et value of 0 means the surface is a "perfect absorber” that absorbs all incorning energy. Absorbed solar energy can be used to
© Albedo heat the surface or, when sea ice is present, melt the surface. A value of 1 means the suface is a"
« Melt reflects all incorning energy

I. Open ocean

o Cycle Albedo generally applies to visible light, although it may involve some of the infiared region of the electromagnetic spectrum
You understand the concept of low albedo intutively when you avoid walking barefoot on blacktop on a hot surmer day

Blacktop has a much lower albeds than concrete because the black surface absorbs more energy and reflects very litle

« Circulation energy.

Dynamics

Seaice has a much higher albedo cormpared to other earth sufaces, such as the surrounding ocean. A typical ocean albedo
is approximately D.06, while bare sea ice varies from approximately .5 to 0.7. This means that the ocean reflects only B
percent of the incoming solar radiation and absorbs the rest, while sea ice reflects 50 to 70 percent of the incoring energy.
The sea ice absorbs less solar energy and keeps the surface cooler.

Snow has an even higher albedo than sea ice, and so thick sea ice covered with snow reflects as rmuch as 90 percent of the
incorring solar radiation. This serves to insulate the sea ice, maintaining cold temperatures and delaying ice mett in the
surnmer. After the snow does begin to melt, and because shallow melt ponds have an albedo of approximately 0.2 to 0.4,
the surface albedo drops to about D.75. As mek ponds grow and deepen, the surface albedo can drop to 0.15. As a result,
melt ponds are associated with higher energy absorption and a more rapid ice melt
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21) Have students click on “Environment”; click on “Trends”; read article;
22) Have students click on “Sea Ice Index” link near end of article;
23) Have students click on “Browse & Compare Images” on left menu; 
24) Have students Click on “Sea Ice Index: Extent, Concentration, and Concentration Anomalies”
25) Have students change third box to be as follows:  
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26) Have students change top date to 1987; bottom date should remain at 2007; 
27) Students should see the following set of images (see Figure 2);



28) Have students interpret the images; make sure they notice the “Total area” concentrations at the bottom of each image. Have students construct a relationship between images from the Earth as a System poster, data from GLOBE schools (primarily in Alaska), articles from NASA and Pew Climate Center, and information from National Snow and Ice Data Center. What do these images and other information have in common? Can students summarize these ideas? Involve the Language Arts teacher in order to facilitate a science-writing assignment. 
29) Transition to Walt’s data activity (activity 3)
Activity 3 – Using Data to Understand Polar Changes
1)  Students start working with data.  They can analyze regions of sea ice using the data and ImageJ, as outlined in the “Whither Arctic Sea Ice?” EET chapter, http://serc.carleton.edu/eet/seaice/index.html, with sea ice data downloaded from NSIDC (http://nsidc.org, specific web address in the EET chapter).  A good example is the large amount of open water in the western Arctic during the 2007 summer (June – October) season.
2)  Albedo is estimated based on standard reference albedos for sea ice in varying months (June, July = 0.7; August = 0.6, September = 0.5) and for ocean (albedo = 0.08).  The “effective albedo” can be an area-weighted estimate based on the proportion of ice and water in a given region.  The albedo estimate can be very crude or more realistic based on real data.
3)  Based on the “effective albedo” from the amount of sea ice and water, along with the incoming solar energy, estimated from The GLOBE Earth System Poster (or the online images), students can estimate how much energy is absorbed and compare an anomalous event, such as summer 2007, with normal conditions or other years.

4)  For more advanced students, or for further detail, air and sea surface temperature (SST) values can be download from the NCEP/NOAA Reanalysis Fields.  Using these fields is outlined in the “Whither Arctic Sea Ice?” EET chapter.   Long-term averages and anomalies for the year of interest can be estimated.  Plots of the region of interest can be made at:

http://www.cdc.noaa.gov/cgi-bin/data/composites/printpage.pl
Timeseries plots and raw data can be produced at:

http://www.cdc.noaa.gov/data/timeseries/
For 2007, the region of interest is 75-85 N latitude, 140-200 E longitude.  SST and surface air temperatures can be used.  Anomalies or means can be used to study the changes.

Examples of the two pages, with some sample fields filled in are listed below.
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5)  Plots can be made that compare for each month:  (a) the amount of ice/water, (b) incoming solar energy, (c) absorbed solar energy, (d) change in amount of absorbed energy compared to normal, (e) air temperatures, and (f) SST.  An example plot is shown below.
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Further Studies
1) Visit http://nsidc.org/seaice/environment/index.html  

2) Explore the “Indigenous People”  and “Wildlife” tabs;
3) Visit the International Polar Year Web site (www.ipy.org)
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Graph 1. Maximum Temperature for Polar schools





Figure 1. Albedo in the Polar Regions. 





Figure 2. Sea Ice Concentrations in Artic. 








