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Water Quality and Watersheds: A GIS Investigation

Using GIS and Inquiry-based Learning to Study Watersheds and Water Quality.

Teacher’s Guide

by Tania Siemens, CSIP Graduate Student Fellow, Cornell University
Objective: To have students conduct structured inquiry focused on watersheds and water quality using the GIS technology and the computer program ArcExplorer.

Subject: This lesson could be used in Biology, Ecology, Environmental Science, Geography, or Earth Science classes. 

Audience:  Grades 9 -12

Time Required: Five to six 50 minute class periods.

Background:  This is an inquiry-based lab that uses data-rich maps in the spatially explicit framework of a Geographic Information System (GIS) to facilitate student investigations into the relationship between landscape characteristics and water quality in New York State.  This lesson has been significantly improved upon after 2 previous versions were piloted in two Earth Science classrooms at East High School in Rochester, NY.

Using the GIS software ArcExplorer, students will be able to explore research questions using maps (with data about the maps embedded within) of New York State.  Maps in GIS software are especially useful for student explorations because students can easily gather data specific to their unique question.  The maps available in this lesson are: land cover (forested, agricultural, or urban), city locations with 1990 census data, geology maps that show mineral type and era of rocks, major rivers and their tributaries, average rainfall, ecozones (also called land regions), and watersheds.  The watershed maps contain water quality data compiled from the Environmental Protection Agency website.  They show what percent of the water bodies are impaired in each watershed, the number of water bodies in the watershed that exceeded their total maximum daily loads, and for what kind of pollution. With these maps (and associated data) at their fingertips, students will learn new terms and content related to the maps (landscape features, geology, definition of a watershed, types of water pollution, cartography etc.)   

Students can also use ArcExplorer and the maps to develop inquiry skills by drawing comparisons between watersheds or looking for correlations between landscape patterns and water quality. While this lesson is not designed for experimental inquiry, students will have the opportunity to design their own methods for extracting data from the maps to look for correlations.  Students will learn important inquiry skills such as the need for controls, replication, randomization, how to interpret their results in light of the methodology they chose, and the importance of considering alternate explanations for their correlative relationships.  The lesson presented here is only one of many possible applications of this data set. 

Finally, since GIS is increasingly used in a multitude of industries, students will benefit greatly from exposure to this technology, which will perhaps inspire them to further pursue GIS or computer sciences as a career path.  

Learning and Behavioral Objectives:  This curriculum is divided into three lessons. The first two lessons are intended to introduce the concepts of watersheds and GIS.  In the final lesson students will utilize this knowledge to conduct their investigation.   After completing these lessons, students will have a better sense of the interconnections between human activities, landscape processes, and water quality.  

1) Students read background material that introduces watershed concepts and GIS. The background reading is followed by a class discussion to reinforce water quality concepts and introduce GIS. For this discussion, you should be prepared to explain the concepts of watersheds and GIS.    There are many educational resources related to Watersheds and GIS available.  We provide some options that work nicely with this curriculum.  Our suggestions can be found at the website http://csip.cornell.edu/Curriculum_Resources/CSIP/Siemens/Siemens.asp 

2) Students complete a computer-based activity designed to familiarize themselves with the main tools of the program ArcExplorer (GIS) while they explore maps of watersheds, land cover, geology, and levels of pollutants in New York State.  

3) Once students have gained background knowledge in water quality, GIS, and ArcExplorer tools, they apply these skills to an inquiry activity in which they pick their own questions about relationship between landscape patterns and water quality.

National Science Education Standards addressed 

Content Standards 9-12


A. Science as Inquiry

· Identify questions and concepts that guide scientific investigations.

· Design and conduct scientific investigations

· Use technology and mathematics to improve investigations and communications 

· Recognize and analyze alternative explanations and models

· (As an extension) Formulate and revise scientific explanations

· (As an extension) Communicate and defend a scientific argument.


B.  Physical Science

· Chemical reactions

C. Life Science

· Interdependence of organisms (species need clean water quality)

· The cell (pathogens)

· Matter, energy, and organization of living systems (ecosystem/watershed level)

D. Earth and Space Science

· Geo-chemical cycle (water cycle, acid rain)

· Origin and evolution of the Earth’s systems (if emphasis is placed on geology map)

E. Understandings about science and technology

F. Science in personal and social and perspectives

· Personal and community health

· Natural resources

· Environmental quality

· Natural and human induced standards

Assessment Strategy:  There are questions and activities embedded in each lesson that students answer on a separate answer sheet.  

Suggested additional assessments:

· Students could write an impact statement regarding a hypothetical (or real) development project within a watershed.  

· Student could bring to class a current news article that has to do with water quality for discussion.

· Students could expand on their investigation by further researching questions that arose during their first investigation, possibly going to additional sources for data, including additional GIS layers that relate to their question (ArcExplorer has the capacity to view data on the web without downloading it).
Advance Preparation:
· Put data and ArcExplorer software on computers.  Instructions for downloading the data and setting up the computers can be found at http://csip.cornell.edu/Curriculum_Resources/CSIP/Siemens/Siemens.asp
· Prepare student handouts and select background activities to serve as Activity 1 of this lesson.

· Familiarize yourself with and be prepared to lead a discussion on watersheds and GIS concepts.  

Teaching Tips/Potential Problems: 

· You should spend 1-2 days introducing the idea of watersheds and GIS to the students before beginning the computer-based exercises.  See http://csip.cornell.edu/Curriculum_Resources/CSIP/Siemens/Siemens.aspfor a list of background materials to choose from.

· It is a good idea to do the lab yourself before administering it in order to sufficiently familiarize yourself with the program.  The ArcExplorer User Guide (pdf file) is available for download as a reference at http://www.esri.com/software/arcexplorer/download2.html. 

· You should become familiar with the way the maps (data) are organized in the computer so you can correct any accidental changes made by users. The ArcExplorer project provided in this lesson wont work if the data files are moved to a different folder. 

· Depending on the classroom’s internet speed or access, it may be advisable to order a copy or ArcExplorer and install it from a disk instead of downloading it. You can download or order ArcExplorer at http://store.esri.com/esri/showdetl.cfm?SID=2&Product_ID=81&Category_ID=26 

Extensions:  

· Students could look up more information about their watershed on the EPA site: surf your watershed http://www.epa.gov/surf/
· This lesson would be an excellent extension to a field trip water-sampling project.  For example, if you are participating in the GLOBE project (http://www.globe.gov/fsl/welcome/welcomeobject.pl) you could link this lesson with water sampling field trip as a way to learn about water quality and kinds of pollution. 

· This lesson would serve as an extension to an inquiry lesson that addresses the concept of acid rain and buffers developed by the Environmental Inquiry project at Cornell.  You can download this lesson at http://ei.cornell.edu/watersheds.

· Finally, this lesson works well in conjunction with the book Watershed Dynamics (the fourth book in the Cornell Scientific Inquiry Series). Chapter 1 serves as great background on watersheds and can be downloaded for free at http://ei.cornell.edu/pubs/wd.asp.  Protocol 4 of Watershed Dynamics is a Mapping activity similar to this lesson only done with pen and paper rather than a computer.  Done in conjunction with this lesson, it will serve to strengthen students background in maps as well as understanding the relationship between land use/land cover and water quality.  

How to obtain the data and prepare your computers for this lesson.  

Download the data from the CSIP website. The curriculum materials and instructions for downloading the ArcExplorer software can be found at http://csip.cornell.edu/Curriculum_Resources/CSIP/Siemens/Siemens.asp. 

This material was developed through the Cornell Science Inquiry Partnership program (http://csip.cornell.edu), with support from the National Science Foundation’s Graduate Teaching Fellows in K-12 Education (GK-12) program (DGE # 0231913 and # 9979516) and Cornell University. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the NSF.
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