Title: Climate Change and its Effect on Water Resources
Grade Level: 7th – 9th
	Topic:
	Climate change and how it will effect water resources in the state of Idaho

	Background:
	Global climate is changing.  While carbon dioxide, a greenhouse gas, concentrations historically fluctuate between 0 and 280 ppm (parts per million), current averages are reaching 391 ppm. Here in the Pacific Northwest, an increase of 0.8°Celsius  per century has been observed and modeled. Future projections are being made with global climate models and emission scenarios. 

Idaho is predicted to go through a shift in climate over the next forty years that will change the way we have it today. These changes consist of:

· Increase in temperature

· Increase in frost free growing season (approximately five additional frost free days)

· Increase in intensity of precipitation events (additional 3mm or more)

· Decrease in snow (more rain at elevations below 6,700 ft, while above 6,700 ft less change is predicted)

· Decrease in April snowpack

· Decrease in snow water equivalent at major ski mountains in Idaho

· Earlier peak stream flows (approximately eleven days earlier)

· Decrease in annual stream flow

· Increase in stream temperature

· Increase in fire season length (approximately thirty-two days longer)

While we are certain climate change has happened and will continue to change, we are uncertain of how it will affect the intricate relationships that depend on water.   

	Next Generation Science Standards:
	Core Idea PS1: Matter and Its Interactions 
PS1.B: Chemical Reactions

Core Idea ESS2: Earth’s Systems and Large-Scale System Interactions 
ESS2.C: The Roles of Water in Earth’s Surface Processes 
ESS2.D: Weather and Climate

Core Idea ESS3: Earth and Human Activity
ESS3.A: Natural Resources
ESS3.C: Human Impacts on Earth Systems 
ESS3.D: Global Climate Change

	Goals:
	Connect concepts of climate change by demonstrating carbon dioxide concentration and temperature changes (create climate change atmospheric conditions in a bottle with Alka-Seltzer tabs to demonstrate greenhouse gas effect [carbon dioxide] on temperature). In addition, demonstrate a carbon dioxide sequestration model using Alka-Seltzer and quick lime. This segues into the importance of water as a resources in climate change changes the arrival, distribution, and type of precipitation in Idaho. 
Essential Questions:
1. What are natural sources of greenhouse gases? What are human-made sources of greenhouse gases? 

2. What are possible ways that human greenhouse gases will affect the global climate?

3. What is carbon dioxide sequestration and what things sequester carbon dioxide?

4. What are potential ways that an increase in greenhouse gases will affect climate?

5. How will climate changes affect water around the world?

6. How does water affect different people of Idaho?

	Objectives:
	· Students will be able to distinguish between natural and human-induced heating of the Earth 

· Students can identify present and possible future effects of human-caused climate change, including impacts on human living conditions

· Students will be able to explain the need for carbon dioxide sequestration.

· Students can give an example of what carbon dioxide sequestration is.

· Students will have an understanding that the amount of freshwater for human use in the world is incredibly small.

· Students will understand the array of interests stakeholders in Idaho have for water 

	Materials:
	· Three soda bottles with caps

· One peanut butter jar with cap (or similar size with plastic cap)

· Water 

· Alka-Seltzer tabs (generic also fine)

· Aquarium tubing

· Clay

· 2 Vernier LabQuests with surface temperature probes or glass thermometers

· 2 Vernier LabQuests with carbon dioxide probes and bottles (make sure to standardize them)

· Balloon

· Quick lime

· 1000 mL beaker

· Drop in the Bucket worksheet

· Scissors

· Tape

· Modeling clay

	Set up:
	Drill holes in soda bottle/peanut butter jar caps big enough to fit thermometers/aquarium tubing in snuggly

· 2 bottle caps for thermometers

· 1 bottle cap to fit aquarium tubing

· 1 larger jar cap with two holes to fit aquarium tubing

	Classroom Time:
	Approximately 1.5 hours

	Introduction (Engage):
	Who has experienced crazy weather (extreme rainfall flooding, blizzards, droughts, etc.)? Share examples.

Is crazy weather linked to climate change? Explain the difference between weather (current conditions) and climate (past thirty year average conditions).

Is climate change happening now? Has it always happened? 

What are the agents of climate change (greenhouse gases, land modifications by humans, etc.)

Split group into three groups (see Appendix for instructions of each activity):

1. Set up and start carbon dioxide experiment to measure temperature change. (2 bottles, one control, one with Alka-Seltzer)

2. Set up and start carbon dioxide experiment to measure carbon dioxide change. (2 LabQuest kits, one control, one with Alka-Seltzer )

3. Set up and start carbon sequestration equipment 

	Activity (Explore):
	Have students make predictions and observations of the carbon dioxide experiment and carbon sequestration experiment. Let experiments run for at least 45 minutes (maybe Drop in the Bucket activity and snack before getting final numbers)

Do Drop in the Bucket demonstration with 1000 mL beaker (see Appendix for demonstration instructions).

	Explanation:
	Show chemical reaction of Alka-Seltzer in water:

C6H8O7(aq) + 3NaHCO3(aq) → 3H2O(l) + 3CO2(g) + Na3C6H5O7(aq) 

citric acid + baking soda → water + carbon dioxide + sodium citrate

What are the products of the reaction?

Was there any observed change in the carbon dioxide bottles ?

How does this apply to global climate change? What are your predictions on how these results would affect water in the world? Look for connections of Drop in the Bucket demonstration (glaciers, freshwater sources, sea level rise, etc)

	Elaboration:
	Split group into smaller groups (your choice how big). Assign each group a stakeholder of water in Idaho that will possibly be affected by climate change. Possible stakeholders are:

· Operators of Brundage Ski Resort

· Idaho Power Company (generates 75%+ of  energy from hydroelectricity)

· Steelhead and salmon anglers in Riggins

· Cattle ranchers in New Meadows

· Wheat farmers in Moscow

· Tourists in McCall

· Dam/Reservoir operator of Cascade Lake

· Home owner in Boise

Have stakeholder groups think of (thinking as if they are their stakeholder group):

· the importance of water usage to their livelihood

· any negative effects they may have on the water

· how projected climate changes for Idaho will affect them

Give them five to ten minutes to come up with these topics, then have them meet and discuss with the other stakeholder groups as to why they’re use of water is more important or most safe/sustainable for the environment (about ten to fifteen minutes).


Additional resources: 

Alka-seltzer. (2013, April). Retrieved from http://en.wikipedia.org/wiki/Alka-Seltzer

Busha-Smith, T. (2001). An experiment for carbon dioxide sequestration. Retrieved from http://www.netl.doe.gov/education/teacher/lesson-plans/lesson12.pdf
Christensen, E. (Producer). (2011). The greenhouse gas demo. [Web Video]. Retrieved from http://www.youtube.com/watch?v=kwtt51gvaJQ

Project WET. (2011). "A drop in the bucket". (2 ed., pp. 257-259). Bozeman, MT: Project WET Foundation. 

West Virginia Department of Education. (n.d.). Graphic organizers. Retrieved from http://wvde.state.wv.us/strategybank/GraphicOrganizers.html
Appendix

Carbon Dioxide Experiment to Measure Temperature (Christensen, 2011)

1. Take 2 soda bottles (1 or 2 liter) with two holes drilled in caps large enough to fit a glass thermometer or Vernier LabQuest temperature probe inside

2. Seal around hole with thermometer or probe inside with modeling clay

a. If using Vernier LabQuest to measure temperature, set the rate to sample 6 times per minute for at least 45 minutes.

b. If using thermometer, you will have to check temperature in five minute (preferable)to ten minute intervals. 

3. Fill each bottle about half way with water. 

a. One bottle is the control so place cap on with measuring device secured inside.

b. Place two Alka-Seltzer tablets in second bottle, place cap with measuring device secured inside.

4. Set somewhere (sun or shade) for at least 45 minutes collecting data. 

Appendix

Carbon Dioxide Experiment to Measure Carbon Dioxide Concentration

1. You will be using two Vernier LabQuest Carbon Dioxide kits (each box comes with a bottle and sensor).

2. Set the rate on each Vernier LabQuest to sample 6 times per minute for at least 45 minutes.

3. One bottle will be the control so put a little water (enough to not touch sensor)

4. One bottle will be the experiment so put a little water (enough to not touch sensor) and add only half a tablet of Alka-Seltzer (or use best judgment).

5. Place this experiment next to the carbon dioxide temperature experiment and collect data at least 45 minutes. 

Appendix

Carbon Sequestration Experiment (Busha-Smith, 1)

1. In peanut butter sized jar (lid has two holes in it), mix 1 teaspoon quick lime into half jar of water. Let sit.
2. Put water in other bottle.
3. Put plastic aquarium tubing through holes of peanut butter lid so tube reaches about an inch from the bottom, out of lid, and into (through cap) of the bottle. The plastic tubing does not need to reach as far down into bottle with water as in the jar. Both the jar and bottle should now be connected via one long plastic tube.
4. Attach lid to quicklime solution jar. Secure/seal tubing with modeling clay to lid and cap.
5. Place shorter piece of tubing into jar lid’s second hole and secure/seal with modeling clay. At other end of tubing, place tube into balloon and secure with tape or modeling clay. 
6. Place four Alka-Seltzer tabs into bottle with water and secure cap. Make sure both the cap and lid are secured, and holes around the tubing are secured with modeling clay. 
7. Carbon dioxide should travel from the Alka-Seltzer bottle into the quicklime water  and excess gas will be forced into the balloon. 
8. Students can measure the amount of carbon sequestered by the predetermined amount of quicklime put in water and measuring the mixture at the bottom of the jar at end of experiment (difficult for in field-recommend skipping).
9. Run experiment until satisfied with the result (balloon filling with gas)
Appendix

Drop in the Bucket (Project WET, 2011)
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Appendix

Idaho Stakeholders of Water Resources 
(West Virginia Department of Education)
	Somebody
	Wants
	But
	So

	Operators of Brundage Resort


	
	
	

	Idaho Power Company


	
	
	

	Anglers in Riggins


	
	
	

	Cattle ranchers in New Meadows


	
	
	

	Wheat farmers in Moscow


	
	
	

	Tourists in McCall


	
	
	

	Dam operator of Cascade Lake


	
	
	

	Homeowner in Boise


	
	
	


1000 mL beaker = all the water in the world





Empty 30 mL of water = everything left is salt water 


(30 mL is all freshwater)





24 mL = glaciers and icecaps


6 mL = unavailable freshwater (groundwater)





1 drop = all available, reachable, drinkable water on earth
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