The California Water Puzzle
Freshwater Distribution around California

Overview Students research California’s fresh water supply and demand with sets of printed maps. They then solve the “California Freshwater Puzzle” based on their new knowledge of the geographies of freshwater supply (sources) and demand (uses) in California.  This module is an opportunity for students to:

· Learn how to read different kinds of maps

· Combine more than one source of information to make an analysis or an argument

· Learn about freshwater supply and demand in California

· Solve the real-world problem of freshwater supply and demand in California
Module Type Map data analysis and creative geographic problem solving 
Duration 2-hr 
Key Materials  

· Printed sets of California water maps and transparencies 
· Class copies of the worksheets 
· Fine-tipped, water-based marker pens 
Concepts California Water Resources, Topography, Rainfall, Population, Water use, Water Management, California Geography 
Skills Map reading, interpreting Topographical Maps, GIS manipulation, Interpreting Data, Drawing Conclusions
Authors Timothy Norris, Ph.D. Candidate Environmental Studies, University of California Santa Cruz. Will Federman, Science Teacher Watsonville High School, Watsonville CA, B.S. Marine Biology, University of California Santa Cruz. 
Science Education Standards
National: A. Science As Inquiry; F. Science in Personal and Social Perspectives
California: Earth Sciences, Investigation and Experimentation
Field tested with: 9th grade Integrated Science 1 students, Watsonville High School, Watsonville, CA (Fall, 2012)
Starting Point for Inquiry 
Given that the geographies of freshwater supply (sources) and demand (uses) are different, how can we design a system of distribution to coordinate supply and demand of freshwater in California?
Background for Teachers 
The main source of California’s fresh water is precipitation (rain and snow) that occurs in the Sierra Nevada mountain range and then becomes either surface water or groundwater (which travels downhill towards the ocean). Much of this precipitation falls in northern California, but the greatest use of water is in the southern part of the state. This makes it necessary to move water from the north to the south. The largest use of freshwater in California is irrigation for agriculture, followed by industrial water use (mostly as a coolant for energy production), and then domestic water use. “To meet freshwater needs throughout the state, California has an intricate network of water storage and distribution systems, or water projects” (Tarbuck and Lutgens, 2006). 
The physical structure of water projects are made up of a network of aqueducts, canals, pipelines, pump stations, and reservoirs. Over the last century this network has been built by state, federal, and local agencies working together to distribute water from source locations to places where it will be used. Since the population of California is growing and climate patterns are constantly shifting, the California freshwater puzzle will never have a final solution. Indeed, as the 21st century begins, we are looking to use desalination technology (removing salt from ocean water) to meet freshwater needs in certain parts of California.

Any solution to the distribution of water in California will have costs and benefits and some water users will be happy, while others will be upset. Recall the “California Water Wars” of the early 20th century when farmers in the Owens Valley fought with urban planners in Los Angeles over the best use of freshwater in the Owens River. A further set of examples shows how moving and storing water has financial and environmental costs. Sometimes we use electricity to pump water over mountains (the Tehachapi Mountains and the California Aqueduct). Sometimes we destroy wildlife habitat when we construct large dams to create storage reservoirs (Hetch Hetchy Dam for San Francisco’s water). Sometimes we alter landscapes irreversibly when we move water from one place to another (the Colorado River).
Curriculum Notes (how this fits into the larger curriculum picture)
Previous teaching concepts (suggested):
Map Basics: maps as stories, map elements (scale, direction, title, and legend) [ NOTE: there is some developed curriculum for this in Will Federman’s “Mapping Basics” folder ]

Water cycle: evaporation, condensation, clouds, rain, rivers, lakes, groundwater, ocean [NOTE: see Will Federman’s “Watershed Basics” folder]

Contour Lines: “Contour What?” module and the “Topo Map of My Island” activity [NOTE: see Will’s curriculum on this (the file is also included with this module)] 

Watersheds: “My Digital Watershed” module
Teaching objectives for this module (from above)
Concepts: California Water Resources, topography, rainfall, population, water use, water management, geography of California
Skills: Map reading, interpreting topographical maps, basic GIS manipulation , understanding supply and demand of CA fresh water, interpret data and draw conclusions using logic and evidence.
Next teaching concepts (suggested):
This module is designed to be near the end of the freshwater unit.
Project Description 
This module is formed around an activity in which the students research the sources (supply) and uses (demand) of freshwater in California. The students then design a system for freshwater distribution in California.
Materials:
· Printed sets of California water maps (one set for each group of 3-4 students). Five in color and nine as black and white transparencies (all found in the file “CAWaterPuzzle_Maps.pdf”).

· Class copies of the documents “CAWaterPuzzle_Worksheet.docx” and “CAWaterPuzzle_EssayPrompt.docx”

· Fine-tipped, water-based (non-permanent) marker pens (one for each group, approximately 8-12 pens total)
Preparation: 

· Prepare copies of the worksheets (one for each student) found in the documents “CAWaterPuzzle_Worksheet.docx” and “CAWaterPuzzle_EssayPrompt.docx” 
· Print the set of maps (if they are not already available). These maps can be re-used from year to year.
· There are five maps that are designed in color and we recommend that these maps are printed in color and laminated (or put in a plastic cover)
· There are nine maps that are designed to be overlays. We recommend that these maps are printed on paper and then photocopied onto plastic transparencies.
· You will need 10-12 sets (one set for each group of 3-4 students).
· Take the “Artificial Waterways” map out of the sets before distributing to the groups.
· Total preparation time is about 25 minutes (to prepare all the map packages and copies of worksheets).
Timeline:
1. (5 minutes) distribute the worksheets and map materials; form groups of students (three or four students for each group)
2. (30 minutes) students work in groups and use the maps to complete part 1 of the activity in the document “CAWaterPuzzle_Worksheet.docx.”

3. (20 minutes) discuss what the students discovered in their sets of maps and introduce the idea of aqueducts and pipelines for distribution of water. Include a discussion about energy and pumping water over mountains.
4. (15 minutes) students work in groups to complete part 2 of the activity and develop a distribution system for freshwater in California.
5. (10 minutes) draw solution to the California Water Puzzle on the chalk board or white board in front of the class. Use ideas from each group.
6. (30 minutes) students read the textbook material individually and either complete the notes guide “CAWaterPuzzle_EssayPrompt.docx” or take their own notes and write a short essay using the prompt as a guide.
7. (5 minutes) collect the map materials and assign the homework. The homework is the “Water_Resources_Project.docx” and is designed to be a week-long take-home project.
Possible pitfalls:  
1. Students have a hard time conceptualizing the scale of water use in California. Make sure they understand the units on the maps (millions of gallons per day). There are about 700,000 gallons of water in an Olympic size swimming pool.
2. There are many different kinds of maps in the activity; make sure students look at the title and the legend so that they correctly read the map.

3. Students can sometimes make simple questions more difficult (for example number 6 in part 1 of the map activity – is simply because few people live where there is agriculture).

4. The homework assignment (“Water_Resources_Project.docx”) will be difficult for some students. You may need to provide more scaffolding.
Procedure:
1. (5 min) Distribution of worksheets, map materials and form groups of students (three or four students for each group).
a. NOTE: Take out the “Artificial Waterways in California” map before handing out the packets. They will create their own version of the map first and then see the current solution in step 5.
b. Make sure the students understand that they need to put two or more maps together as map overlays to answer some of the questions.

c. The plastic map overlays are an example of a “manual” GIS (geographic information system). It is worth reminding them of map overlays as layers of geographic information (from the “Contour What?” and “Digital Watershed” modules).

2. (30 min) Students work in groups and use the maps to complete part 1 of the activity in the document “CAWaterPuzzle_Worksheet.docx.”.
a. Make sure to visit the students and check that they are using the units in the map legends to answer the questions. 

b. You may need to stop the class and review certain vocabulary words (domestic, irrigation, etc.).
3. (20 min) Discuss what the students discovered in their sets of maps.
a. Call on students to explain answers to several questions

b. Highlight that most roads are built across flat areas (in order to save energy and time).
c. Highlight the geographies of supply and demand for freshwater.
d. Discuss the major uses of water in California (irrigation, industry and domestic). Have students think about ways to manage water use at the demand end (change how we use water).

e. Introduce the idea of aqueducts and pipelines for distribution of water. Include a discussion about energy and pumping water over mountains.

4. (15 min) Students work in groups to develop a distribution system for freshwater in California.

a. Give each group a marker pen and have them draw their solution on the “California Place Names” map.

5. (10 min) Draw a solution to the California Water Puzzle on the chalk board or white board in front of the class. Use ideas from each group.
a. Discuss distance of travel and elevation changes in the proposed solution.
b. Hand out the “Artificial Waterways of California Map” as the design exercise comes to a close. Have the students briefly compare the class solution to the existing solution.
6. (30 min) Students read the textbook material individually and either complete the notes guide “CAWaterPuzzle_EssayPrompt.docx” or take their own notes and write a short essay using the prompt as a guide.
a. Use your judgment as to whether the students need the extra scaffolding in the notes guide.

7. (5 min) Collect the map materials and assign the homework. The homework is the “Water_Resources_Project.docx” and is designed to be a week-long take-home project.
Assessment Methods:  
1. The worksheet “CAWaterPuzzle_Worksheet.docx” should be turned in by each student and evaluated after teaching the module.

2. After teaching this module, the “Contour What?” module, the “My Digital Watershed” Module, and about the water cycle in general, the project “Water_Resources_Project.docx” can be assigned to individual students either as homework project and then evaluated.

3. The quiz “Quiz_CA_Water.docx” should be administered after the module is taught (perhaps after the homework project has been turned in).
Science Education Standards Addressed: 
This module focuses on reading a broad variety of maps to answer geographic questions about freshwater supply and demand in California. In addition, it focuses on  how our society manages the geographical differences between supply and demand in order for freshwater to be available where and when it is needed. The module addresses the following NSES, SCSCPS, and H-SSCSCPS standards. 
National Science and Engineering Standards (NSES): 
(http://www.nap.edu/catalog/4962.html)
A. Science as Inquiry; F. Science in Personal and Social Perspectives.
Science Content Standards for California Public Schools (SCSCPS):
(http://www.cde.ca.gov/be/st/ss/documents/sciencestnd.pdf)
Earth Sciences: California Geology 9. The geology of California underlies the state’s wealth of natural resources as well as its natural hazards. As a basis for understanding this concept:
9.c.  Students know the importance of water to society, the origins of California freshwater, and the relationship between supply and demand.
Investigation and Experimentation 1. Scientific progress is made by asking meaningful questions and conducting careful investigations. As a basis for understanding this concept in the other four strands, students should develop their own questions and perform investigations. Students will:

1.d. Formulate explanations by using logic and evidence.
1.h. Read and Interpret topographic and geological maps
1.l.  Analyze situations and solve problems that require combining and applying concepts from more than one area of science

1.m. Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings. Examples of issues include irradiation of food, cloning of animals by somatic cell nuclear transfer, choice of energy sources, and land and water use decisions in California.
Next Generation Science Standards (NGSS)
(http://63960de18916c597c345-8e3bed018cb857642bed25a591e65353.r63.cf1.rackcdn.com/Combined%20DCIs%205.15.13.pdf)
HS-ESS3: Earth and Human Activity:
HS-ESS3-1: Construct an explanation based on evidence for how the availability of natural resources, occurrence of natural hazards, and changes in climate have influenced human activity. 

HS-ESS3-4: Evaluate or refine a technological solution that reduces impacts of human activities on natural systems. 
HS-ETS1: Engineering Design: 
HS-ETS1-2: Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.  
HS-ETS1-3: Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics, as well as possible social, cultural, and environmental impacts. 
Appendix F – Science and Engineering Practices in the NGSS:

(http://www.nextgenscience.org/sites/ngss/files/Appendix%20F%20%20Science%20and%20Engineering%20Practices%20in%20the%20NGSS%20.pdf) 

Practice 3: Planning and carrying out investigations

Practice 4: Analyzing and interpreting data

Practice 6: Constructing explanations

Practice 7: Engaging in argument from evidence

Practice 8: Obtaining, evaluating and communicating information
History-Social Science Content Standards for California Public Schools (H-SSCSCPS):
(http://www.cde.ca.gov/be/st/ss/documents/histsocscistnd.pdf)
Chronological and Spatial Thinking 4. Students relate current events to the physical and human characteristics of places and regions.
National Standards for History 

Historical Thinking Standards (http://www.nchs.ucla.edu/Standards/)
Standard 2: The student comprehends a variety of historical sources (draw upon data in historical maps)
Appendices 
Glossary
aqueducts: artificial waterways (like rivers) used to transport water from one place to another; aqueducts are usually large and transport water over long distances.
canal: artificial waterways (like rivers) used to transport water from one place to another; canals are usually smaller and transport water over small distances.
reservoirs: human constructions used to store water; reservoirs can exist at various scales (small to large). Often reservoirs involve dams.
pipelines: tubes that cover long distances and are used to transport or distribute a liquid resource.
pump stations: a node on a pipeline where energy is used to move  a fluid with a turbine or pump. 
precipitation: water that falls to the earth’s surface from clouds; it can be in the form of water drops (rain), water  particles (fog), or frozen water (snow or hail).
distribute: to move something from a place of supply (or source) to a place of demand (use); to divide a resource or product amongst various users.
groundwater: water that flows or resides beneath the earth’s surface.
irrigation: water used for agriculture
domestic water use: water used inside houses, for home gardens, or other needs around a living spaces (washing clothes, cleaning, cooking, etc.)
surface water: water that flows on the earth’s surface (rivers, streams, lakes, etc.)
desalination: a process of removing salt from seawater
Lectures
[ the “Mapping Basics.pptx” lecture and “Name that map” activity could be used before doing this module (see Will’s curriculum materials) ]

Graphics

All of the maps in the CAWaterPuzzle_Maps.pdf were created by the author Timothy Norris and are free of copyright. We suggest that these maps not be used in a commercial context.

The graphic in the document Quiz_CA_Water.docx is of unknown origin.
Labs (or activities)
CAWaterPuzzle_Maps.pdf – all of the maps for the activity
Worksheets  
CAWaterPuzzle_EssayPrompt.docx

CAWaterPuzzle_Worksheet.docx
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