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Geographical Information System (GIS) Lab
This lab will explore the world of geographical information systems (GIS).  It will show you how objects, events and conditions that have geographical presence can be easily displayed and accessed for a wealth of information.  Through discovery the basic operations of the most popular GIS software, ArcGIS, will be learned as will the many GIS concepts.  The lab will contain exercises to solving problems utilizing real world sample datasets.  Lastly we will investigate the issue of air pollution and learn a little about air quality contaminants.  The pollution impact on the Staten Island community will be investigated utilizing EPA generated GIS files.  When you have completed this lab you will be able to answer the following questions in the Observations and Conclusions section of your final lab report: 
· What is GIS?
· What are some uses of GIS?

· Is the order of layers important and why?

· What is the advantage of a large map scale?  As the scale ratio decreases what happens to map details?
· What is SQL and how is it used in GIS?

· Now let us see what you have learned in chemistry from this lab.  

· What are the three components required to produce Ozone (O3)?

· What areas would one suspect to have a great deal of ground Ozone (O3)?

A. Looking at Files

To do this lab real GIS shape files will be required.  The files are residing on a computer science department server “is.csi.cuny.edu”.  The following is the login information and procedure:

Turn on (double click) the SSH (Secure File Transfer Client) program which icon resides on the desktop. 


SSH logon:

Host Name: is.csi.cuny.edu
user id: chang1
Pass word: 115

Open the My Documents folder > Drag over the requested folder to local computer to be used for lab:


1. Open up arc map
2. Select a new empty map and click okay
3. Note on the left side of its table of contents it says Layers.  We don’t like that.

4. Double click Layers and open up a Data Frame Properties dialog box.  Select the “General” tab.

Change the Name field from Layers to CSC115 Layers and click Apply (Apply will make the changes without closing the dialog box.  OK will do both)

5. Note the layer title in the table of contents. What does it say? _____________________
6. In the dialog box select the Coordinate System tab.
7. Is a coordinate system mentioned and what is it? _________________________

8. Click OK and close the dialog box

9. Download the “NY Points of Interest” folder 
10. Open the folder and look at the files.

11. How many are there?  ________
12. Write down all the file names. _______________________________________________

13. Open up arc catalog.
14. In the left side of arc catalog is the table of contents.  Navigate to see any of the files indicated in item# 9 above.

15. How many are shown? ________

16. What is or are the names? __________________________________________________

17. Notice anything? ______________________________________________

18. In arc catalog select (left click) the new_york_poi file 
19. It is a vector feature class file of what geometry (Note icon [image: image1.bmp])? ___________________

20. On the right side select the general tab.  What kind of file is it? ___________________
21. Select the preview tab and place the drop down box at the bottom to geography.

22. What do you see? Do you recognize the figure? ________________________________
23. Next select the Metadata tab (Provides descriptive info about file selected)

24. Click the Spatial tab and what is the coordinate system? ________________

B. Making Maps
1. Let us make a map

2.  We are now going to move the new_york_poi file with all its data to our empty new map

3.  With both windows open we mouse left click and drag the new_york_poi file in the arc catalog table of contents to the right side of the open area of arc map.  
4. What name(s) has (have) been added to the arc map table of contents? _____________

5. What is displayed in the right side area of the arc map? __________________________
6. Double click Layers and open up a Data Frame Properties dialog box.  Select the “Coordinate System” tab.

7. What is it? ______________________

8. Did it change from the previous observation observed in section “A” #7? _______ _
9. Close the “Data Frame Properties” dialog box 

10. Download the “CDC Epi2000 States” folder 

11. Open the folder and observe the US file icon [image: image2.bmp]
12. It is a vector feature class file of what geometry? __________________
13. Click the Metadata tab and then Spatial.

14. Do you see any coordinate system and if so what is it? ________________

15. Click attributes tab and look on both Ameri_es  and Asian_pi

Ameri_es -- Number of people identified as American Indian, Eskimo, or Aleut. 

Asian_pi -- Number of people identified as Asian or Pacific Islander 
From the info shown on both what can we conclude comparing one characteristic to the other ___________________________________________________________________

16. Move the us file with all its data to arc map

17.  With both windows open we mouse left click and drag the us file in the arc catalog table of contents to the right side of the open area of arc map. 
18. An unknown special reference dialog box opens.  Close it by clicking OK.

19. The us file produces a graphic on the map. 
20. What layer name(s) has (have) been added to the arc map table of contents?  _________
21. Note that the new_york_poi takes up the New York State area of the us map file.

22. To show this clearer in the arc map table of contents uncheck and return check to the new_york_poi layer.

23.  What happened? ___________________________________________________

24. In the map table of contents the background layer should always be below.

25. Let’s observe what happens when we reverse this order.

26. While holding down the mouse left click drag one of the layers to reverse the order and then put back as before.  

27. What is the effect on the map? __________________________________________ 

28. Let us see the full extent of the US.  Click the full extent button icon [image: image3.bmp] that resides on the tools toolbar.

C. Analysis

1. Now the fun starts.   We now want to use this file for analysis. 
2.  Problem: I would like to move to a state with a young population

3.  Solution:

Move the US map so all the states are seen.  Use the pan icon [image: image4.bmp] from the arcmap tools toolbar
On the “selection” menu choose selection by attributes

The “Select by Attributes” dialog box should open
Set the layer field drop down box to us layer
To find features that meet specific attribute criteria, you create a query expression.  A query expression is a logical statement consisting of three parts: a field name (attribute), an operator, and an attribute value.  Formally this is called a Structured Query Language (SQL)
Click twice quickly the attribute AGE_5_17
You should see it appear enclosed in parenthesis in the previous empty area at the bottom of the dialog box. 
Click the operator >=

It should also now appear in the expression below

Left double click the AGE_50_64
You have now written an expression that will select those states that there is a greater population of people of ages 5 to 17 than 50 to 64.
Click Apply 
How many states were selected that fit this criteria?  _________
Let us be even more selective and add those of older age.

To the expression add(key in) a + sign

Then click the attribute AGE_65_UP
The expression should look like this

"AGE_5_17" >= "AGE_50_64"+ "AGE_65_UP"
How many states fit this enhanced criteria? ___________

Using the identify icon  [image: image5.bmp] from the tools toolbox click on the state(s) selected.
What is (are) they?  _______________________________________________
In the tools toolbox click the Select Elements icon [image: image6.bmp]
In the Selection menu choose Clear Selected Features 

4. New problem:

Find state(s) where males outnumber females?

What should be the selection expression? _____________________________________

What state(s) were selected? ________________________________________________
D. Staten Island

1. Let us take a look at Staten Island

2. Go back to our previous map of mainly New York State.  On the tools toolbar left click the previous extent tool [image: image7.bmp].
3. Let us find the College of Staten Island in that huge amount of points of interest.
4. Click the Find tool [image: image8.bmp]
5. In the Find dialog box enter the College of Staten Island in the Find: field.

6. Click the Find button resulting in a value field shown in the lower part of the dialog box.
7. Feature shown is “School College of Staten Island Central new_york_poi”

8. Right click on that value and select Zoom To

9. This should bring us closer to the island.

10. Right click again and select the “Select” function

11. Note a blue dot where the college resides.

12. Close the dialog box

13. Using the identity tool [image: image9.bmp] what are the geographical coordinates of the selected college? _________________________________________________

14. To the right of the add sign on the fixed tool bar is the map scale.  It should indicate something like a 1:300,000.  This means that any measurement on this map is equivalent to 300,000 times on the earth.

A large scale shows a smaller area and more detail than a small scale.

15. What numbers are shown in the map scale box? __________________

16. On the tools tool bar select the Zoom in tool [image: image10.bmp]
17. Using the Zoom in tool click on the College of Staten Island

18. What is the map scale number?  ____________________________

19. Click again

20.  What is the map scale number?  ____________________________
21. In the tools toolbox click the Select Elements icon [image: image11.bmp]
22. You can change the scale factor by modifying directly the number in the box and hitting carriage return
23. Change the map scale to 1:150,000

24. Now we can easily see Staten Island.  Please note that some of the county’s shape is truncated and therefore there are some features that appear to reside in the surrounding water.
25. Using the pan tool [image: image12.bmp] move the island so it can all be seen on the map.
E. How is the Air Quality?
The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air Quality Standards (NAAQS) for wide-spread pollutants from numerous and diverse sources considered harmful to public health and the environment. The Clean Air Act established two types of national air quality standards. Primary standards set limits to protect public health, including the health of "sensitive" populations such as asthmatics, children, and the elderly. Secondary standards set limits to protect public welfare, including protection against visibility impairment, damage to animals, crops, vegetation, and buildings. The Clean Air Act requires periodic review of the science upon which the standards are based and the standards themselves.  The dataset we will work with contains the following important feature class of pollutants and selected facility emission values.   Description of some attributes are shown as follows:
Pollutant Emissions
Estimated annual air pollutant emissions, in short tons, from a single facility. (A short ton is 2000 pounds.) The report includes a column for each criteria pollutant or precursor, and their sum: 

· CO - Carbon monoxide

· NOx - Nitrogen oxides

· VOC - Volatile organic compound

· SO2 - Sulfur dioxide

· PM2.5 - Particulate matter (2.5 micrometers diameter or less)

· PM10 - Particulate matter (10 micrometers diameter or less)

· NH3 – Ammonia
An emissions estimate is based on the normal operating schedule of a source, and includes the effects of installed pollution control equipment and regulatory restrictions on operating conditions. This is called estimated emissions with rule effectiveness 

Percent of Total Emissions 

Fraction (percentage) of the report's Grand Total emissions attributable to the entity represented by a row of the report -- a single source and year. 

If you selected multiple pollutants, the report includes a percentage column for each pollutant, corresponding to the columns for emissions. Otherwise, the report has a single percentage column.

Interesting Facts
Nitrogen dioxide (NO2) is one of a group of highly reactive gasses known as "oxides of nitrogen," or "nitrogen oxides (NOx)."   Other nitrogen oxides include nitrous acid and nitric acid. While EPA’s National Ambient Air Quality Standard covers this entire group of NOx, NO2 is the component of greatest interest and the indicator for the larger group of nitrogen oxides. NO2 forms quickly from emissions from cars, trucks and buses, power plants, and off-road equipment. In addition to contributing to the formation of ground-level ozone, and fine particle pollution, NO2 is linked with a number of adverse effects on the respiratory system.

Ozone (O3) is a gas composed of three oxygen atoms. It is not usually emitted directly into the air, but at ground-level is created by a chemical reaction between oxides of nitrogen (NOx) and volatile organic compounds (VOC) in the presence of sunlight. Ozone has the same chemical structure whether it occurs miles above the earth or at ground-level and can be "good" or "bad," depending on its location in the atmosphere.

In the earth's lower atmosphere, ground-level ozone is considered "bad." Motor vehicle exhaust and industrial emissions, gasoline vapors, and chemical solvents as well as natural sources emit NOx and VOC that help form ozone. Ground-level ozone is the primary constituent of smog. Sunlight and hot weather cause ground-level ozone to form in harmful concentrations in the air. As a result, it is known as a summertime air pollutant. Many urban areas tend to have high levels of "bad" ozone, but even rural areas are also subject to increased ozone levels because wind carries ozone and pollutants that form it hundreds of miles away from their original sources.

“Good” ozone occurs naturally in the stratosphere approximately 10 to 30 miles above the earth's surface and forms a layer that protects life on earth from the sun's harmful rays.

For this part the pollutant used is defined by the group you are a member of
Groups: 1=CO, 2=NOx, 3=VOC, 4=SO2 5=PM2.5, 6=PM10 7=NH3

1. Open up the EPA folder and add the assigned pollutant feature class file to the map

2. You might get a Coordinate System warning box.  The coordinate systems are the same as that of which is already assigned to this map. Disregard the warning and close the box.

3. A pollutant layer should have been added and facilities selected by the EPA are displayed as points on the map. 

4. The problem is that these points blend in with the ones indicated by the points of interest ones.  To make the map clearer we are going to change the symbol for pollutant
5. In the table of contents left click the symbol for the pollutant .

6. A symbol selector dialog box should appear.

7. Click triangle 1 and in the color selection drop down box on the right choose a mars red and make size= 16.  Click OK.

8. It should now be easier to see the map symbols for the pollutant facilities cited. 

9. Using the identify tool [image: image13.bmp] left click on all Richmond County (Staten Island) air quality pollutant sources and fill out the first three columns.

10.  To complete the last column you require the measure tool [image: image14.bmp] to determine distance. Using the measure tool click the symbol for the College of Staten Island and then move your mouse pointer over to the symbol for the subject facility.  Double click to measure the distance.  Check the distance in the Measure dialog box.  Make sure the units are in miles.  If not change them in the dialog box clicking the units icon     which is at the top row second from the end.  Select miles. 
Fill in pollutant ________________
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Not using a scale (ruler) calculate using the map scale the distance in inches on your map to the nearest pollutant facility to the college.  Show calculations.  Hint you might have to change units on your Measure dialog box to inches for this question.
_______________________________________________________________
Lab Files and Information Source Links
1. http://www.mapcruzin.com/index.html
2. http://www.esri.com/
3. http://www.cdc.gov/epiinfo/northamerica.htm
4. http://www2.census.gov/cgi-bin/shapefiles2009/county-files?county=36085
5. http://www.epa.gov/oar/data/repsst.html?st~NY~New%20York
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