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Activity 3: Using GIS to Investigate Water Quality in Watersheds
Objective

Investigate your own question about the relationship between watershed characteristics and water quality using the GIS program ArcExplorer.   You will investigate your question by looking for correlations between watershed characteristics and water quality.

Materials Needed

· Computer with the ArcExplorer software and Maps loaded.

· This lab packet and your background knowledge of water quality.
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Introduction
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How do you know whether the water in a river or stream is OK to drink?  The most direct way to determine the water quality would be to sample the water and measure the level of pollutants (what are some water pollutants?).  But you can also look at the features in a watershed to predict the water quality.  What land characteristics in a watershed would be important predictors of water quality?  Think about the maps your worked with in ArcExplorer.  Do you think any of these maps (land cover, precipitation, number of cities, ecozone, or geology) will help you predict the water quality in a watershed? 
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Part 1: 

Exploring possible correlations in the ArcExplorer maps

As you know, there are many maps (and the data behind the maps) available for you to look at in AcrExplorer.  

ArcExplorer is a Geographic information System (GIS).  This means that you can layer maps on top of each other and observe features that occur in the same physical location.  For example, if you overlay a map of a forest cover on the map of watersheds, you will be able to observe which watersheds have more forests.  

Not only can you see which watersheds have more forests, but you can also look for a correlation between water quality in a watershed and the amount of forest cover in a watershed.
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Part 2: Conduct your own investigation: 

Step 1: Think of a question   

It is your task to look for correlations between watershed characteristics like we just did with percent forest cover and the water quality in that watershed.   What watershed features would you predict would be correlated with water quality?

On the left side of the next page are watershed characteristics and on the right are water quality characteristics.  

Fill in the two blanks in the following sentences.  Use a word from the left side of the page (watershed characteristic) for the first blank and a word from the right side of the page (water quality characteristics) for the second blank.  Then, say why you think that correlation exists by filling in the final blank.   We filled in the first two for you as examples.  

Think of correlations that make sense in terms of everything you know about watersheds and water quality.  

Examples:

1) I predict that watersheds with more precipitation will have more siltation because increased rainfall will cause erosion.
2) I predict that watersheds with a higher percent cover agricultural land will have more pesticides because farmers apply pesticides to their fields. 

Now think of three questions (or Hypotheses) of your own that you would like to investigate (use the table on the next page for help).

3) I predict that watersheds with ______________________________________

     will have____________________________ because____________________

______________________________________________________________

4) I predict that watersheds with ______________________________________

     will have____________________________ because____________________

______________________________________________________________

5) I predict that watersheds with ______________________________________

     will have____________________________ because____________________

______________________________________________________________
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· This map contains data that may be correlated to watershed variables.

· Nutrients

· Pesticides 

· Temperature pollution

· Toxins (PCBs)

· Metals (lead, mercury etc.)

· pH (acid rain)

· Pathogens (disease)

· Aesthetics (looks ugly)
· Siltation (erosion)

· This map shows the percentage of all the rivers and lakes in each watershed that are threatened. 

[image: image2.wmf] (4) You should now have thought of have two variables you are going to look at (Look back to part 2, step 1, “think of a question”).

Which variable is the independent variable and which variable is the dependent variable?



Independent variable_________________________________



Dependent variable___________________________________

Now that you have thought about the questions you are interested in, let’s try to answer that question using the maps and the data behind the maps in Arc Explorer.  

Pick one of your questions from above (page 3)  above and circle it.  Pick the question you think is most interesting and makes the most sense in terms of what you know about watersheds and water quality.  

Step 2: Determine METHODS for collecting your data.

[image: image3.wmf]  (5) Which 2 map layers from Arc Explorer are you going to use to get data about the watersheds?

[image: image4.wmf]  (6) How many watersheds are you going to collect data from?  (one, 5, 10, all of them?)

[image: image5.wmf]  (7) If you are not going to collect data from all of your watersheds, which ones will you measure?  Are you going to hand-pick the ones the look “the best” or will you pick them at random?

[image: image6.wmf]  (8) What Arc Explorer tools will you use to get the data from the maps? (think about the skills you learned in the previous lesson.  Will you use the Zoom tool, the Identify tool, estimate percent cover?)  You may need to use more than one tool.

Check your answers with your teacher before proceeding
Step 3: Collect your data. 
In the space provided below draw a data table that is suitable for the data you plan to collect.  You may want to have one column to record the name of the watershed, another column for the independent variable, and a third column for the dependent variable.  This will make it easier when it is time to graph your data and look for a correlation between the X and Y variable.  

MAKE SURE YOU WRITE THE UNITS FOR YOUR VARIABLES.

Step 4: Graph your data.  
[image: image7.wmf] (9) When you are looking for a correlation between two variables, what kind of graph is best to use?  (bar graph, scatter plot, pie chart)

[image: image8.wmf] (10) Circle the correct answer:  The X axis is where you put the dependant/independent variable.  Make sure this is correct on your graphs below.
Option:  Enter your data points into an Excel Spreadsheet to graph your data.  Be sure to print it out to hand in with this lab.

Make sure your graph has a title and that you have properly labeled each axis.


Step 4: Analyze and interpret your results.  
[image: image9.wmf]  (11) Look at the graph you just made.  What is the relationship between your two variables?  (Are they correlated?)

[image: image10.wmf]  (12) Does the relationship in your graph support your initial hypothesis?  

[image: image11.wmf] (13) Can you think of alternate explanations for this relationship (other than your hypothesis?)

[image: image12.wmf] (14) If your variables ARE correlated, does that mean there is a cause-effect relationship (one variable cause the other)?  Why or Why not?  

[image: image13.wmf]  (15) If your variables are NOT correlated, does that really mean there is absolutely NO relationship between the two variables?  (Could there be some other factor in the environment that links water quality to watershed characteristics?) Why or why not?  

[image: image14.wmf] (16) What other data would you like to have to more thoroughly address water quality in these watersheds?

[image: image15.wmf]  (17) Even though human activities, such as logging and agriculture, can be the cause of water pollution, there are many people who are very dedicated to improving water quality.  People work to clean up streams through educational and restoration activities.  Do you think a map of the amount of restoration activity in a watershed would be a good predictor or water quality?  Why or why not?

[image: image16.wmf]  (18) Can you think of any other ways people can help keep their water clean?
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Information box 3:  What does it mean when two variables are CORRELATED?





A correlation is a measure of association between two variables. It measures how strongly the variables are related to each other. If one changes when the other does, then these variables are correltated.





For example, lets say you want to know the relationship between the two variables “percent forest cover” and “water quality”.  How would find the answer to that question?  





Start by measuring the amount of pollution and the percent forest cover in each watershed.  Then, plot your data on a graph and look for a pattern. Each point on the graph represents one of the watersheds you measured.  There are many possible relationships between water quality and forest cover.  Lets look at three.





1) You may find that as watersheds go up in forest cover they also go up in water quality.  If they both go up together, then percent forest cover and water quality are positively correlated.  





2) It is also possible you will find that as forest cover goes up, water quality goes down.  If the two variables you are interested in move in opposite directions, they are said to be negatively correlated.





3) Finally, you may not be able to see any particular relationship between water quality and forest cover.  If you can’t tell whether an increase in forest cover is associated with a change in water quality, then the two variables are not correlated. 





� (3) Look at the graphs below.  Which graph shows a positive correlation? Which graph shows a negative correlation, which shows NO correlation at all? 
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Look at the watershed on the right. 





� (1)  What landscape features does the water have to flow over in order to reach the outflow of the river?


























GRAPH OF YOUR DATA:





Is there a correlation between agriculture land and pesticides?





Water Quality variables











� (2)  How do you think these different features will affect water quality?





Image source: � HYPERLINK "http://www.waterquest.ca/process/watersheds.asp" �� http://www.deschuteswatersheds.org/crwc/whatisawatershed.html�





Is there a correlation between mineral type (gneisses, quartzite, and marbles) and how much pollution there is?





Is there a correlation between precipitation and siltation?





In this activity you will use your ArcExplorer skills and inquiry methods to investigate what landscape characteristics are good predictors of water quality. 
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